
 
June 27, 2022 
 

Mr. Paul Gosselin 
California Department of Water Resources 
715 P Street 
Sacramento, Ca 95814 
 
Re: Response to Tule Subbasin GSPs Incomplete Determination 
 
Dear Mr. Gosselin: 
 
Thank you for the Department of Water Resources (DWR) determination of the Tule Subbasin’s 
six (6) Groundwater Sustainability Plans (GSPs) dated 28 January 2022, which found the six (6) 
GSPs and Tule Subbasin Coordination Agreement (TSCA), collectively referred to as the Plan for 
the Subbasin, incomplete.  Within the determination letter, DWR staff have identified 
recommendations and corrective actions for the Tule Subbasin Groundwater Sustainability 
Agencies (GSAs) to address deficiencies in the Plan in a coordinated manner.  
 
A summary of the three deficiencies outlined in Section 3 - Plan Evaluation of DWRs 
determination letter are outlined below: 
 

DEFICIENCY 1. The GSPS do not define undesirable results or set minimum thresholds 
and measurable objectives for groundwater levels in a manner consistent with the GSP 
Regulations. 
 
DEFICIENCY 2. The GSPS do not define undesirable results or set minimum thresholds 
and measurable objectives for land subsidence in a manner consistent with the GSP 
Regulations. 
 
DEFICIENCY 3. The GSPS do not provide sufficient information to justify the proposed 
sustainable management criteria for degraded water quality. 

 
In response, the Tule Subbasin GSA’s have revised the Plan to be consistent with the required 
corrective actions as interpreted based on DWR’s determination letter and the meetings between 
DWR staff and Tule Subbasin GSAs representatives. Exhibit A – Summary Revisions to the 
Tule Subbasin Coordination Agreement, describes each of the three (3) deficiencies in more 
detail and outlines the corrective action taken to address the deficiencies within the Revised 
TSCA.  Each of the six (6) Tule Subbasin GSAs have also revised each of their GSPs to be 
consist with revisions to the TSCA that address DWR’s identified deficiencies and other revisions 
each GSA determined to be pertinent for DWR to consider as part of their review. 
 
The Tule Subbasin GSAs believe after DWR’s review of the Revised Tule Subbasin Plan, they 
will find the Tule Subbasin Plan to be in compliance with SGMA regulations.  
 
A digital copy of the revised GSPs and the Tule Subbasin Coordination Agreement has been 
submitted via SGMA Portal on 27 July 2022. 
 



 
Should you desire additional formation, please advise. 
 
Very truly yours, 
 

 
 
David De Groot 
Plan Manager 
Tule Subbasin Sustainable Management Act 
 
Cc: GSA Managers 
 
 



Summary of Responses to DWR Comments to the Tule Subbasin Groundwater Sustainability Plans

DWR Identified 
Deficiency

DWR Comment
 Coordination 

Agreement 
Sections

Summary of Revisions

The GSPs do not describe, with information specific to the Subbasin, the 
groundwater level conditions that are considered significant and unreasonable 
and would result in undesirable results.

4.3
4.3.1.2

Attachment 4
Attachment 7

The groundwater conditions that are considered significant and unreasonable for agricultural, 
municipal, and industrial uses are continued chronic lowering of groundwater levels after 2040.  
Lowered groundwater levels during the transition period from 2020 – 2040 may impact shallow 
wells as discussed inWell Impact Analysis Technical Memo (Appendix A, Attachment 4).  Well 
impacts will be addressed through  the Tule Subbasin Mitigation Framework (Appendix A, 
Attachment 7).

The GSPs do not explain or justify how the quantitative definition of undesirable 
results is consistent with avoiding effects the GSAs have identified as 
undesirable results.

4.3.1.3
Attachment 7

The potential effects of lowering groundwater levels during the transition period were found to be 
acceptable for a majority of the beneficial uses and users.  Impacts to well users is addressed 
through  the Tule Subbasin Mitigation Framework (Appendix A, Attachment 7).

In areas adjacent to the Friant-Kern Canal, the GSPs do not identify, through 
analysis, the total amount of subsidence that can be tolerated by the Friant-
Kern Canal during implementation of the GSPs in order to maintain the ability to 
reasonably operate to meet contracted for water supply deliveries.

4.3.4.2
Attachment 6
ETGSA LSMP

Along the portion of the FKC that occurs in the Tule Subbasin, the maximum amount of land 
subsidence allowed during the transition period from 2020 to 2040 is three feet. SMC established 
for RMS benchmarks throughout the SUbbasin were developed in coordinated manner to be 
consistent with the minimum thresholds set within the ETGSA to be protective of the FKC 
operations.

The GSPs do not explain how implementation of projects and management 
actions is consistent both with achieving the long-term avoidance or 
minimization of subsidence and with not exceeding the tolerable amount of 
cumulative subsidence adjacent to the Canal.

4.3.4.3
Land subsidence in the vicinity of the FKC is being monitored and managed under Eastern Tule 
Groundwater Sustainability Agency’s Land Subsidence Monitoring and Management Plans.

The GSPs’ current minimum thresholds and measurable objectives for land 
subsidence are not consistent with the intent of SGMA that subsidence be 
avoided or minimized once sustainability is achieved in the Subbasin.

4.3.4.2

"Any land subsidence occurring after 2040 that is not attributable to recoverable compaction is 
considered an undesirable result.  It is acknowledged that residual land subsidence resulting from 
historical groundwater conditions may occur after 2040.  Additional studies and data are needed 
to assess the rate and extent of residual land subsidence that could occur after 2040 and the 
potential for this subsidence to cause undesirable results"

Chronic Lowering of 
Groundwater Levels

The GSPs do not explain how the criteria defining when undesirable results 
occur in the Subbasin was established, the rationale behind the approach, and 
why it is consistent with avoiding the significant and unreasonable effects 
identified by the GSAs.

Except for the ETGSA Land Subsidence Management Area, Minimum Thresholds for land 
subsidence were established throughout the Tule Subbasin based on the maximum amount of 
land subsidence forecast during the transition period from 2020 to 2040 using the calibrated 
groundwater flow model and best available data.

The GSPs do not identify land uses and property interests, apart from the Friant-
Kern Canal, susceptible to impacts from land subsidence, explain how they were 
considered, and describe the rationale for establishing minimum thresholds for 
land subsidence in consideration of uses and interests, or provide reasonable 
and convincing evidence that the other areas of the basin are not susceptible to 
impacts from land subsidence.

Potentially impacted land uses in the Tule Subbasin have been divided into high priority land uses 
and low priority land uses as described in these sections of the Coordination Agreement (Appendix 
A). This is also supported by Land Subsidence Technical Memo (Appendix A, Attachment 6) and 
Mitigation Framework (Appendix A, Attachment 7).

Land Subsidence

The GSPs do not demonstrate that the established sustainable management 
criteria are based on a commensurate level of understanding of the basin 
setting or whether the interests of beneficial uses and users have been 
considered.

The relationship of lowered groundwater levels, minimum thresholds, and impacts to beneficial 
uses are addressed in more detail in Section 2.4.2 of Subbasin Setting. Interests of agricultural, 
municipal, industrial, and domestic supply uses are all addressed in these sections of the 
Coordination Agreement (Appendix A), Subbasin Setting (Appendix A, Attachment 2), Well Impact 
Analysis Technical Memo (Appendix A, Attachment 4), Tule Subbasin Mitigation Framework 
(Appendix A, Attachment 7). 

4.3.4.2
4.4.4.1

Attachment 6
Attachment 7

4.3.4.3
4.4.4.4

Attachment 6
Attachment 7

4.3
4.3.1.2
4.3.1.3
4.4.1.1

Attachment 2
Attachment 4
Attachment 7



Summary of Responses to DWR Comments to the Tule Subbasin Groundwater Sust  DRAFT

DWR Identified 
Deficiency

DWR Comment

Applicable 
Coordination 
Agreement 

Section

Summary of Revisions

The GSPs do not specify what groundwater conditions are considered suitable 
for agricultural irrigation and domestic use.

4.4.3.1
Attachment 5

Reference MCLs and Ag WQO's as set by existing State Regulations. 

The GSPs do not explain the choice of constituents (pH, conductivity, and 
nitrate) as a means of evaluating impacts to beneficial uses and users, especially 
agricultural irrigation.

4.3.3.2
4.3.3.3

Attachment 7

COCs were expanded to include Arsenic, Nitrate, Chromium-6, DBCP, TCP, PCE, Sodium, Chloride, 
Perchlorate, TDS.

The GSPs do not explain how the use of a 10-year running average to establish 
the sustainable management criteria will avoid undesirable results due to 
degraded groundwater quality and related potential effects of the undesirable 
results to existing regulatory standards.

4.4.3.5
4.5.3

Attcahment 7

Sustainable Management Criteria was set as follows 
   Measurable Objective: 75% of MCL or Ag WQO
   Minimum Threshold: MCL or Ag WQO

The GSPs do not explain how the criteria defining when undesirable results 
occur in the Subbasin was established, the rationale behind the approach, and 
why it is consistent with avoiding significant and unreasonable effects 
associated with groundwater pumping and other aspects of the GSAs’ 
implementation of their GSPs.

4.3.3.2
4.3.3.3

Attachment 7

Reference Drinking Water MCLs and Ag WQO's. The Tule Subbasin Mitigation Framework 
(Appendix A, Attachment 7) discuss mitigation for impacts from degradation of groundwater 
quality from GSP implementation.

The GSPs do not explain how the sustainable management criteria for degraded 
water quality relate to existing groundwater regulatory requirements in the 
Subbasin and how the GSAs will coordinate with existing agencies and programs 
to assess whether or not implementation of the GSPs is contributing to the 
degradation of water quality throughout the Subbasin.

4.3.3.2
4.3.3.3

Attachment 7

Same as previous comment. Additional background information on existing programs was added 
to section 2.2.4 of the Tule Subbasin Setting (Appendix A, Attachment 2).

Degraded Water Quality
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Irrigation District Groundwater Sustainability Agency

July 21, 2022

Paul Gosselin
California Department of Water Resources
715 P Street
Sacramento, Ca. 95814

RE: Pixley GSA response to GSP incomplete determination

Dear Mr. Gosselin,

On January 28,2022, the Department of Water Resources (DWR) determined that the Tule

Subbasln's six Groundwater Sustainability Plans (GSPs) were incomplete. Pixley GSA has
developed and implemented one of those six GSPs.

In addition to the updates and responses to deficiencies in the Coordination Agreement
(related to all six GSPs) and related sections of the GSP as outlined in the Tule Subbasin letter

and summary of revisions attachment, Pixley ID GSA has also updated other sections of the
Pixley ID GSA GSP. Pixley ID GSA has made significant progress in implementation of projects
and management actions as updated in the GSP. Please see Attachment A - Summary of

updates to Pixley Irrigation District GSA Groundwater Sustainability Plan (GSP), which
summarizes the updates made to the GSP.

We are also aware that several groups have submitted blanket comments to DWR related to

public outreach and input during this 180-day response period. Please keep in mind that much
of the work required to respond to the DWR comments consisted of additional technical work

developed by the Tule Subbasin GSAs consultants. Pixley ID GSA held several public meetings
and forums where this technical work as well as resulting drafts of policy and GSP updates

were discussed. Please see Attachment B for the listing of those meetings and public input
opportunities. In addition to being publicly noticed, one of the groups who submitted blanket
comments to DWR was directly notified of these meetings.

A digital copy of the revised GSP has been submitted vis the SGMA portal.

Please do not hesitate to contact us if you need any further information.

:ru&'ttmas

General Manager

Pixley Irrigation District Groundwater SustainabiHty Agency



Attachment A - Summary of updates to Pixley Irrigation District GSA Groundwater Sustains bility Plan (GSP)

GSP Section

1.4.9

1.4.15

2.4.5

Sections 3 and 4

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

6,1 St 6.2

6.3

Issue addressed

Water Quality

Well Permitting

Projected water budget

various

Sroundwater Accounting Action Plan

tA/ater Supply Optimization Projects

Surface Water Development Projects

Managed AquiTer Recharge and

Banking Projects

agricultural Land Retirement Projects

Mitigation Program

Municipal Management Area Projects

and Management Actions

:OSt of Implementation

iource of Funding

Summary of update

^dd descriptions of new programs implemented since 2020-CV Salts and Tu!e Basin Management Zone

<\dd description of new well permitting process in Tulare County

^dd description of the criteria used to develop groundwater flow model fortheTuleSubbasin

iee descriptions in the Tule Subbasin matrix responding to DWR comments

L .Update the development a nd implementation of the groundwater allocation and accounting program

1. Descriptions of Pixiey participation in Eastern Tuie GSA Land Subsidence Management Plan and

iettlement with Friant Water Authority

i. Description of transitional fee implementation

L Description of recharge basin meter installation & SCADA project

i. Update to progress on Pixley Laterai 4 Canal Project

description of Cross Valley Water exchanges

L. Description of grants applied for recharge facility expansion near DACs

>. Description of the a mount of additional recharge capability added by landowners

L Description ofGSA Land Fallowing Policy

?. Description of 831 acres purchased by the District to develop recharge/habitat restoration/retire land

i. Description of Multibenefit Land Repurposing grant awarded to the TuleSubbasin, with Pixley GSA as

:he lead agency

Fhis is a new section adding the Mitigation Program management action and describing the timeline and

:riteria for developing and implementing the program.

L Description of domestic well mitigation program to be developed

?. Description of GSA participation in Tu!e Subbasin Water Quality Coalition/lrrigated Lands Regulatory

'rogram/Tule Basin Management Zone

i. Description of Pixley GSA/Pixley PUD/Tevistion CSD MOU and coordination

t. Description of Pixley GSA Department of Consen/ation Water shed Coordinator Grant and Watershed

coordinator activities.

Jpdate description of fees implemented

L. Update description of transitional fee implementation

'. Update of new District tand based assessment structure



Attachment B - List of Publicly noticed meetings

February 10, 2022 - Pixley ID GSA Board of Directors meeting - review of DWR comment letter

March 10, 2022 - Pixley ID GSA Board of Directors meeting - review of process to respond to DWR

comments

March 22, 2022 - Pixley ID GSA Groundwater Planning Commission meeting - Review of DWR comment

letter and process related to responding to DWR comments

April 14, 2022 - Pixley GSA Board meeting - Review progress being made on technical team analysis and

development of responses to DWR

April 20,2022-Tule Subbasin Quarterly Technical Advisory Committee meeting-review of DWR

comments/ technical team analysis and process for response to comments

May 12, 2022 - Pixley ID GSA Board meeting - Updates on response development

May 24, 2022 - Pixley ID GSA Groundwater Planning Commission meeting - Review of response

development, presentation of technical team impact analysis and potential mitigation

program framework

June 9, 2022 - Pixley GSA Board of Directors meeting - Review of response development/ presentation

of technical team impact analysis and potential mitigation program framework

July 18, 2022 - Pixley GSA Groundwater Planning Commission meeting - review of staff recommended

GSP updates, Groundwater Planning Commission recommendation to Board of Directors

July 21, 2022 - Pixley GSA Board of Directors meeting - Public Hearing on GSP Draft revisions. Approval

of revisions and submittal to DWR.



Tule Subbasin
Groundwater Sustainability Agency

Sustainable Groundwater Management Act 

Groundwater Sustainability Plan
July 2022

Pixley Irrigation District



RESOLUTION NO. 2022-7-1

RESOLUTION ADOPTING REVISIONS TO THE PIXLEY IRRIGATION DISTRICT
GROUNDWATER SUSTAINABILITY PLAN

A. WHEREAS, in August 2014, the California Legislature passed, and in September
2014 the Governor signed, legislation creating the Sustainable Groundwater Management Act

("SGMA") "to provide local groundwater sustainability agencies with the authority and technical
and financial assistance necessary to sustainably manage groundwater" (Wat. Code, § 10720,

(d)); and

B. WHEREAS, SGMA requires sustainable management through the development
of groundwater sustainability plans ("GSPs"), which can be a single plan developed by one or
more groundwater sustainability agency ("GSA") or multiple coordinate plans within a basin or

subbasin (Wat. Code, § 10727); and

C. WHEREAS, SGMA requires a GSA to manage groundwater in all basins
designated by the Department of Water Resources ("DWR") as a medium or high priority,
including the Tule Subbasin (designated basin number 5-22.13); and

D. WHEREAS, the Pixley Irrigation District GSA has entered into Memorandums
of Understanding with Teviston Community Services District and Pixley Public Utilities District
("PUDs/CSDs") to cover lands within those jurisdictional boundaries under the Pixley Irrigation
District GSP and

E. WHEREAS, Pixley Irrigation District, ("PIXID") on August 9, 2016 filed with
DWR its intent to serve as a GSA for the areas within its jurisdictional boundaries as well as the
jurisdictional boundaries of the PUD/CSDs; and

F. WHEREAS, PIXID GSA has the authority to draft, adopt, and implement a GSP
(Wat. Code, § 10725 etseq.); and

G. WHEREAS, on August 1, 2017, the PIXID GSA submitted an Initial Notification
to DWR of its intent to develop aGSP for the area subject to its jurisdiction as well as the areas
subject to the jurisdiction of the PUDs/CSDs, subject to the terms of the MOU with the
PUDs/CSDs,; and

H. WHEREAS, the PIXID GSA has coordinated with all other GSAs in the Tule
Subbasin to prepare a Coordination Agreement pursuant to Water Code section 10727.6, and the
GSAs reached agreement as to final form of a formal Coordination Agreement for the Tule

Subasin; and

I. WHEREAS, on January 21, 2020, the PIXID GSA governing board held a duly
noticed public hearing, and adopted an initial GSP which was then submitted to DWR for
review; and

1315757-2



J. WHEREAS on January 28, 2022, DWR deemed the PIXID GSA GSP
incomplete and provided comments on the GSP; and

K. WHEREAS, the PIXID GSA then worked in coordination with the other GSAs
in the Tule Subbasin, and through discussion at various public meetings, to address DWRs
comments, perform additional technical analysis, and prepare proposed revisions to the PIXID

GSA GSP; and

L. WHEREAS, on March 15, 2022 the PIXID GSA provided notice to the County
ofTulare of the proposed revision to the GSP pursuant to Water Code section 10728.4; and

J. WHEREAS, the PIXID GSA Groundwater Planning Commission, which has
been duly appointed to provide recommendations to the PIXID GSA governing body, held a duly
noticed public meeting on July 18, 2022, for the purpose of reviewing the PIXID GSA draft
revisions to the GSP, and reviewing comments received and staff recommended modifications to
the GSP, and based on comments and staff recommendations made the determination to

recommend that the PIXID GSA governing body adopt the revised GSP with staff recommended
modifications; and

K. WHEREAS, the PIXID GSA has prepared the revised GSP based on board-
directed modifications, attached hereto as Exhibit 1 and incorporated herein by reference, and

has prepared the Amended Coordination Agreement relating to the revised GSP and coordinated
efforts of the GSAs in the Tule Subbasin, attached hereto as Exhibit 2 and incorporated herein by
reference.

NOW, THEREFORE, BE IT RESOLVED that the Board of Directors ofPIXID, sitting
as the governing body of the PIXID GSA, finds as follows:

1. PIXID GSA hereby approves and adopts the revised GSP incorporated herein by
reference.

2. PIXID GSA hereby approves and authorizes its duly appointed representatives to
execute the Amended Tule Subasin Coordination Agreement incorporated herein by

reference.

3. PIXID GSA hereby authorizes staff and consultants to take such other actions as may

be reasonably necessary to submit the revised PIXID GSA GSP to DWR by July 27,
2022.

PASSED, APPROVED, AND ADOPTED this 21st day of July, 2022 by the following
vote:

AYES: .-Jt-.^ &.-<—/ Sckc-.T^-...—. ^-^—^
NAYS: ^~"

ABSTAIN: ^-
ABSENT: ^^
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President

Attest:

^ D.,. 7/^//^^
ly
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1.1 Purpose of the Groundwater Sustainability Plan § 354.12 

23 Cal. Code Regs. § 354.12 Introduction to Basin Setting.  This Subarticle describes the information 

about the physical setting and characteristics of the basin and current conditions of the basin that shall 

be part of each Plan, including the identification of data gaps and levels of uncertainty, which comprise 

the basin setting that serves as the basis for defining and assessing reasonable sustainable 

management criteria and projects and management actions. Information provided pursuant to this 

Subarticle shall be prepared by or under the direction of a professional geologist or professional 

engineer. 

In 2014, the California state legislature approved a new groundwater management law commonly 

known as the Sustainable Groundwater Management Act (SGMA)1. SGMA requires local 

agencies in medium and high priority groundwater basins, as designated by the California 

Department of Water Resources (DWR), to form Groundwater Sustainability Agency (GSA) and 

prepare Groundwater Sustainability Plan (GSP). Tule Subbasin (DWR Bulletin 118 Basin No. 5-

022.13) has been designated by DWR as a high priority basin subject to critical conditions of 

overdraft, and under the provisions of SGMA, all areas of the Tule Subbasin must be covered by 

a duly adopted GSP no later than January 31, 2020. Satisfying the requirements of SGMA 

generally requires four basic activities: 

 

1. Forming one or multiple Groundwater Sustainability Agency or Agencies (GSA) to fully 
cover a basin; 

2. Developing one or multiple Groundwater Sustainability Plan(s) (GSP) to fully cover the 
basin; 

3. Implementing the GSP and management actions identified in the GSP to achieve 
quantifiable objectives; and  

4. Regular reporting to the California Department of Water Resources (DWR) per schedule 

identified in the Regulations. 

 

This document fulfills the GSP requirements for the Pixley Irrigation District (Pixley ID) GSA area 

of the Tule Subbasin. This GSP describes the Pixley ID GSA and the areas managed by the GSA, 

establishes the quantifiable management objectives for the Pixley ID beneficial groundwater uses 

and users, and identifies a group of projects and management actions that will allow Pixley ID 

GSA and the Tule Subbasin to achieve sustainability by year 2040, within 20 years of plan 

adoption. 

 

1.2  Executive Summary § 354.4(a) 

23 Cal. Code Regs. § 354.4 General Information. Each Plan shall include the following general 

information:  

(a) An executive summary written in plain language that provides an overview of the Plan and description 

of groundwater conditions in the basin.    

 
1 California Department of Water Resources, 2016 
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The Tule Subbasin, as identified by California Department of Water Resources (DWR) in Bulletin 

118 as Subbasin No. 5.22-13, is situated primarily in southern Tulare County with a small portion 

in Kern County within the southern portion of the Central Valley of California.  The Tule Subbasin 

is one of the top producing agriculture regions in the area, with very fertile soils and wide diversity 

of crops.  The Tule Subbasin includes seven GSAs that have coordinated efforts per the adopted 

SGMA regulations through a common Coordination Agreement but each with a separate Plan. 

 

The Agency Plan area includes the political boundary of the Pixley Irrigation District (District), the 

communities of Pixley and Teviston.  The surface water supplies for the Agency include the local 

water supplies of the Deer Creek and transfer of imported surface water from other districts with 

Friant Contracts, from the Central Valley Project.  Surface water supplies are critical to supplying 

recharge to the groundwater supplies in the Agency. 

 

The Tule Subbasin is designated by DWR as a critically overdrafted basin with an estimated 

subbasin average overdraft of 115,300 acre-feet per year. The Agencies estimated annual 

average overdraft within the Tule Subbasin is 70,000 acre-feet per year. The overdraft conditions 

have caused issues for those reliant on groundwater pumping, which include municipal, domestic, 

and agriculture users.  Other issues generated from the overdraft include areas of land 

subsidence, which predominantly occur in the northwestern portion of the Agency.   

 

Through a coordinated effort with the other GSAs within the Subbasin, a Coordination Agreement 

has been prepared describing the common Basin Setting (see Tule Subbasin Setting as 

Attachment 1 of the Tule Subbasin Coordination Agreement, Appendix A), Subbasin 

Sustainability Goal, definitions for undesirable results, and basin wide monitoring is included as 

an attachment to this Plan.  Generally, the Tule Subbasin sustainability goal is to achieve no long-

term change in groundwater storage by year 2040, by implementing a series of projects and 

management actions among the member agencies and stakeholders during this planning horizon.

 

This Plan addresses the items identified in the SGMA regulations specific to the Agency, including 

descriptions of the physical characteristics, the water budget (historic and future), specific 

monitoring features and locations, quantifiable targets and minimum thresholds for depth to 

groundwater, groundwater storage, groundwater quality, and land subsidence between 2020 and 

2040, and those projects and management actions proposed to implement during the 20 year 

planning horizon to achieve the Sustainability Goal.  These projects and management actions will 

be critical to the success of the Plan, which initially focus on the implementation of an accounting 

system to track and monitor groundwater data to help inform and develop policies to adaptively 

manage to reduce groundwater overdraft while minimizing impacts to agriculture production and 

economic impacts to the local communities and conjunctive use of water resources by offsetting 

groundwater pumping through groundwater recharge using surface water supplies at times of 

availability in excess of crop demand . 
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1.3 Agency Information 

In addition to the information contained in this section, see Appendix  1-A: Notice of the Pixley 

Irrigation District's Election to Become a Groundwater Sustainability Agency for a Portion 

of the Tule Subbasin.   

 

 Name and Mailing Address of the Agency § 354.4(a) 

23 Cal. Code Regs. § 354. 6 Agency Information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(a) The name and mailing address of the Agency   

Pixley Irrigation District Groundwater Sustainability Agency (Agency) 

357 E. Olive Ave. 

Tipton, CA 93272 

 

 Organization and Management Structure § 354.6(b); § 354.6(c) 

23 Cal. Code Regs. § 354. 6 Agency Information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(b) A list of references and technical studies relied upon by the Agency in developing the Plan. Each 

Agency shall provide to the Department electronic copies of reports and other documents and materials 

cited as references that are not generally available to the public. 

(c) The name and contact information, including the phone number, mailing address and electronic mail 

address, of the plan manager. 

The Agency is governed by its Board of Directors, which is constituted by the elected Board of 

Directors of Pixley Irrigation District.  The following is the elected Board of Directors of the District 

as of plan approval: 

 

President:   Frank Junio 

Vice President:   Bill DeGroot 

Director:   Neal Westbrook 

Director:   Rusty Schott 

Director:   Randy Parreira  

 

Groundwater Planning Commission: 

Joey Airosa 

Mike Pitilgiano 

Seth Merritt 

Daniel De Graaf 

Jim Morehead  

Pixley Public Utility District/Teviston Community Services District 
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The District Board of Directors, sitting as the governing board of the Agency, have final authority 

for plan implementation. Eric Limas has been appointed Agency Manager by the Board of 

Directors. Agency and Plan implementation management is the responsibility of the Agency 

Manager. 

 

Agency Manager:  Eric Limas, General Manager 

Mailing Address:  357 E. Olive Avenue 

    Tipton, CA 93272 

Telephone:   559-686-4716 

Email:   mailto:elimas@ltrid.org 

 

 Legal Authority 354.6(d) 

23 Cal. Code Regs. § 354. 6 Agency Information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(d) The legal authority of the Agency, with specific reference to citations setting forth the duties, powers, 

and responsibilities of the Agency, demonstrating that the Agency has the legal authority to implement 

the Plan. 

SGMA §10721(n) defines a “local agency” which may elect to serve a Groundwater Sustainability 

Agency as “a local public agency that has water supply, water management, or land use 

responsibilities within a groundwater basin.”  The Pixley Irrigation District (District) is a public 

agency overlying a portion of the Tule Subbasin. The District is a California Irrigation District 

formed in January 1950, under the provisions of California Water Code Division 11, initially for 

the purpose of obtaining a supplemental or partial water supply for irrigation; the California Water 

Code provides broad authority for Irrigation Districts to manage the water supply available to and 

for the benefit of the landowners within their jurisdictional boundaries.  Therefore, the District is a 

local agency within the meaning of SGMA and is qualified to form a GSA. As stated in Water Code 

§10725-10762,9, the Agency has the power to develop and implement SGMA, including a GSP. 

The GSA can adopt standards for measuring and reporting water use, develop and implement 

policies designed to reduce or eliminate overdraft within the boundaries of the GSA, develop and 

implement conservation best management practices, and develop and implement metering, 

monitoring and reporting related to groundwater pumping. 

 
It is noted that, consistent with § 10720.5(b) of SGMA, which provides that nothing in SGMA or in 

a plan adopted under SGMA determines or alters surface or groundwater rights under common 

law or any provision of law that determines or grants surface water rights, nothing in this 

Coordination Agreement is intended to modify the water rights of any Person (as that term is 

defined under Section 19 of the Water Code).  The GSA notes that it does not have the authority 

to modify any water rights through adoption of this GSP, nor does it intend that any in this GSP 

be construed as an admission by any Person (including without limitation the GSA, the Irrigation 

District or by any landowner or user of groundwater) regarding any subject matter of this GSP, 

including without limitation any water right or priority of any water right that is claimed by any 

mailto:
mailto:elimas@ltrid.org
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Person.   Nor shall this GSP in any way be construed to represent an admission by a Person with 

respect to the subject or sufficiency of another Person’s claim to any water or water right or priority 

or defenses thereto, or to establish a standard for the purposes of the determining the respective 

liability of any Person, except to the extent otherwise specified by law.  Nothing in this GSP shall 

be construed as a waiver by any Person of its election to at any time assert a legal claim or 

argument as to water, water right or any subject matter of this GSP or defenses thereto. The 

division of Sustainable Yield among the GSA landowners under any Management Action adopted 

by this GSP does not constitute any determination that groundwater extractions by a landowner 

in excess of a budgeted amount would necessarily cause an undesirable result or that extractions 

less than a budgeted amount would necessarily not cause an undesirable result.   

 

 The GSA intends, to the fullest extent permitted by law, to preserve the water rights of all Persons 

affected by this GSP as they may exist as of the adoption date of the GSP or at any time thereafter.  

The GSA further intends that any dispute or claim arising out of or in any way related to a water 

right alleged by a Person shall be separately resolved before an appropriate judicial, 

administrative or enforcement body with proper jurisdiction. 

 

 Cost and Funding of Plan Implementation § 354.6(e) 

23 Cal. Code Regs. § 354. 6 Agency Information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(e) An estimate of the cost of implementing the Plan and a general description of how the Agency plans 

to meet those costs. 

There are several factors incorporated into estimating the total cost of the Plan Implementation, 

which are to be described in Section 6 of this Plan. The GSA has identified several potential 

sources of funding for implementation of this Plan in Section 6.3. 

 

1.4 Pixley ID GSA Plan Area § 354.8 (a)(1); § 354.8(b) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (1) The area covered by the Plan, delineating areas managed by the Agency as an exclusive Agency 

and any areas for which the Agency is not an exclusive Agency, and the name and location of any 

adjacent basins. 

(b) A written description of the Plan area, including a summary of the jurisdictional areas and other 

features depicted on the map. 

The area covered by the Agency and managed under this GSP includes 71,314 acres within 

Tulare County (see Figure 1-1: Pixley ID GSA Plan Area). The Plan area includes lands within 

the jurisdictional boundaries of Pixley Irrigation District and the municipalities adjacent to the 

District, each of which the Agency has entered into agreements providing for the management of 
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groundwater under this Plan.  The specific Management Areas within the Agency are discussed 

in Section 1.4.3 Management Areas.  

Figure 1-1: Pixley ID GSA Plan Area  

 

 Other Tule Subbasin GSP Plan Areas § 354.8(a)(2); § 354.8(a)(3) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (2) Adjudicated areas, other Agencies within the basin, and areas covered by an Alternative. 

  (3) Jurisdictional boundaries of federal or state land (including the identity of the agency with jurisdiction 

over that land), tribal land, cities, counties, agencies with water management responsibilities, and areas 

covered by relevant general plans. 

The Agency is one of the seven GSA’s that have been formed in the Tule Subbasin. Figure 1-2: 

Plan Areas within the Tule Subbasin identifies the boundaries for each of the GSAs defined for 

the Tule Subbasin include: 
 

• Alpaugh GSA  

• Delano Earlimart Irrigation District GSA 

• Eastern Tule GSA JPA 

• Lower Tule River Irrigation District GSA 
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• Tri-County Water Authority GSA 

• Tulare County GSA 

Figure 1-2: Plan Areas within the Tule Subbasin 

 

 Subbasins Adjacent to the Tule Subbasin § 354.8(a)(1) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (1) The area covered by the Plan, delineating areas managed by the Agency as an exclusive Agency 

and any areas for which the Agency is not an exclusive Agency, and the name and location of any 

adjacent basins. 

The Agency is located in the west-central portion of the Tule Subbasin of the San Joaquin Valley 

Groundwater Basin as defined by the DWR (DWR Basin 5-022.13). 2 Figure 1-3 Subbasins 

Adjacent to the Tule Subbasin identifies the boundaries of the Agency within the larger Tule 

Subbasin. The Agency is located completely within the Tule Subbasin and directly borders the 

Kaweah Subbasin and the Tulare Lake Subbasin.: 
 

• Kaweah Subbasin (DWR Basin 5-022.11) 

• Tulare Lake Subbasin (DWR Bain 5-022.12) 

 
2 California Department of Water Resources, 2016 
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• Kern County Subbasin (DWR Basin 5-022.14) 

Figure 1-3: Subbasins Adjacent to the Tule Subbasin 

 

 Management Areas 

The area covered by the Agency has been divided into three (3) separate Management 

corresponding to the jurisdictional status and principle land use of those respective areas.  The 

following sections describe the three (3) Management Areas and the jurisdictional status of the 

lands within those areas. Figure 1-4: Management Zones shows the boundaries of these 

management areas. 
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Figure 1-4: Management Zones 

 

 Pixley ID Management Area  

The Pixley Irrigation District Management Area is defined as all lands within the jurisdictional 

boundaries of the District, based on the record with the Tulare County LAFCO3.  The District 

consists of approximately 67,570 acres.  

 

The majority of land within the Pixley Irrigation District is used for various types of agricultural and 

rural uses. Many of the rural residential dwellings or individuals commercial/industrial lots, which 

are often ag-related businesses, are served by individual domestic wells falling under the 

definition of a de minimis extractor under Water Code Section 10721(e). 

 

 Municipal Management Areas  

A Community Service District (CSD) is an entity formed by residents of an unincorporated area 

to provide a wide variety of services to its residences, including water and wastewater 

management. A CSD may be formed and operated in accordance with the Community Services 

District Law (Government Code §61000-61850)4, which was created to provide an alternate 

method of providing services in unincorporated areas. 

 
3 Tulare County Local Agency Formation Commission, 2016 
4 California Association Local Agency Formation Commission, 2006 
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The Public Utility District Act (Public Utilities Code §15501-18055) authorizes the formation of 

Public Utility Districts (PUD) and authorizes a district to acquire, construct, own, operate, and 

control works for supplying its inhabitants with water and other critical components for everyday 

life. 

 

Within the Pixley ID GSA boundary are the following CSDs and PUDs:  

• Pixley PUD  

• Teviston CSD  

Each of these communities have their own separate community water system that is operated by 

either a community service district (“CSD”) or a public utility district (“PUD”) organized under state 

law to provide domestic water service. The Agency and each of these municipal water agencies 

have entered into MOUs to provided coverage of the CSD/PUD jurisdiction under SGMA (see 

Appendix  1-B). These communities are not part of the irrigation district but are being managed 

under this Plan. 

 

The Municipal Management Areas are identified as the jurisdictional boundaries for the three 

small unincorporated communities as follows:  

• Teviston CSD Management Area: Teviston Community Service District;  

• Pixley CSD Management Area: Pixley Public Utility District; and  

 

The Municipal Management Areas in total include approximately 3,743 acres.  

 

 Other Jurisdictional Areas within Pixley ID GSA § 354.8(a)(3) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (3) Jurisdictional boundaries of federal or state land (including the identity of the agency with jurisdiction 

over that land), tribal land, cities, counties, agencies with water management responsibilities, and areas 

covered by relevant general plans. 

The presence and role of various state, federal, tribal, county, city, and local government entities 

who have jurisdiction within or have water management responsibilities within the vicinity of the 

Plan area are described below.  

 

Figure 1-5: Federal, State, County, and Tribal Jurisdictional Boundaries provides a map 

describing the jurisdictional extent of relevant Federal, State, County, and tribal entities within or 

near the Plan area utilizing the DWR water management planning tool5. 

 

 
5 Department of Water Resources, 2019 
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Figure 1-5: Federal, State, County, and Tribal Jurisdictional Boundaries 

 

 Federal Jurisdictions 

The United States Fish and Wildlife Service (USFWS) is the only federal agencies with any 

significant land holdings and water management responsibilities within or near the Agency (see 

Figure 1-5: Federal, State, County, and Tribal Jurisdictional Boundaries). A portion of the Pixley 

National Wildlife Refuge located in the south western region of the Agency, occupying just over 

4,720 acres of land near State Highway 43 and Avenue 56. The Pixley National Wildlife Refuge 

is managed as part of the Kern National Wildlife Refuge Complex. 

 

 State Jurisdictions 

There is no significant presence of state jurisdictions within the Agency. 

 Tribal Jurisdictions 

There is no significant presence of tribal lands within the Agency. 

 

 County, City, and Local Jurisdictions 

The Agency resides entirely within the County of Tulare and Tulare County maintains ultimate 

land use planning authority for lands, including those lands within the unincorporated communities 

of Pixley and Teviston.  
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Local agencies within the GSA with jurisdiction and water management responsibilities include: 

• Pixley Public Utility District 

• Teviston Community Service District 

 

 Land Use § 354.8(a)(4) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (4) Existing land use designations and the identification of water use sector and water source type. 

Land use planning authority within for the area covered by this Plan is the responsibility of Tulare 

County. Relevant general and community plans that govern the land use within GSA’s jurisdiction 

are further described in Section 1.4.12 and include: 

 

• Tulare County General Plan Update 

• Pixley Community Plan 2015 Update 

• Teviston Hamlet Plan 2015 

 

Land use within the GSA is primarily agricultural with row crops, cotton, corn, hay, and permanent 

planting covering the majority of GSA.6 Figure 1-6: Land Use within Pixley ID GSA illustrates 

land use within the GSA according to DWR 2014 survey data, while Table 1-1: Land Use within 

Pixley ID GSA list different land uses and associated acreage according to 2014 DWR data.  

 
6 California Department of Water Resources, 2014 
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Figure 1-6: Land Use within Pixley ID GSA 
 

Table 1-1: Land Use within Pixley ID GSA 

Crop Type Acres 

C | CITRUS AND SUBTROPICAL 7 

D | DECIDUOUS FRUITS AND NUTS 10,825 

F | FIELD CROPS 28,079 

G | GRAIN AND HAY CROPS 482 

I | IDLE 1,342 

NR | RIPARIAN VEGETATION 7,166 

P | PASTURE 7,328 

T | TRUCK NURSERY AND BERRY CROPS 305 

U | URBAN 455 

V | VINEYARD 5,164 

UNK | UNKOWN 10,161 

Total 71,314 
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 Water Use Sector and Water Use Type § 354.8(a)(4) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (4) Existing land use designations and the identification of water use sector and water source type. 

Each water use sector within the Agency utilizes one or several water source types. Pursuant the 

definition of water use sector in the 23 CCR § 351(al), Agency has identified and grouped water 

use into three primary sectors: 

 

• Urban/Industrial: Urban and industrial water use is assigned to household and 

commercial water use in the two (2) communities, rural domestic household use, and the 

limited industrial use of water – primarily associated with packing houses and agricultural 

facilities – that resides both within and outside of incorporated areas Industrial use is also 

assigned   

• Agricultural: Agricultural water use is assigned to water applied for commercial crop 

production, water utilized in dairy facilities, and water for livestock.  

• Managed Recharge: Managed recharge water use is assigned to surface water 

specifically diverted to percolation ponds.  

 

Water use sectors within Agency utilize one or more of the following water source types: areal 

precipitation, groundwater, local surface water, imported surface water, recharged surface water. 

 

Section 2.3 of this Plan provides additional detail regarding Agency water budget and further 

describes the water use sectors and the water source types used to meet the demand of each 

sector within GSA. 

 

Each of the Agencies water use sectors have been described in Sections 1.4.6.1 through 1.4.6.3, 

along with their affiliated water source type(s) and Figure 1-7 identifies water use sectors by water 

source, and existing recharge ponds. 
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Figure 1-7: Water Use Sector and Water Use Type 
 

 Urban/Industrial Water Use and Water Sector 

Municipalities, public water systems, domestic users, and industrial users within the Agency are 

reliant upon groundwater as their primary source of water. Major active public water systems 

include, but are not limited to: 

 

• Pixley Public Utility District 

• Teviston Community Service District 

• California Dairies INC Pixley 

 

 Agricultural Water Use and Water Source 

Agricultural water demand is met through areal precipitation, local and imported surface water 

supplies, with the remaining demand being meet through locally pumped groundwater supplies. 

 

The quantity of areal precipitation, local surface water via Deer Creek and imported surface water 

via FKC, available for use to meet crop needs is annually variable. Water year type and various 

government regulations are the major determinants of annual surface water supply variability. A 

majority of the agricultural lands do not have access to surface water supplies and typically use 

groundwater. Section 2.3.1 of this Plan provides more detail into the sources of and quantities of 

water applied to agriculture. 
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 Managed Recharge 

Several recharge ponds and groundwater recharge sites are maintained by the Pixley Irrigation 

District and are shown Figure 1-8 shows the location of recharge basin with the Agency. 

 

Figure 1-8: Recharge Basins within the Pixley ID GSA 
 

Since the 2020 implementation of this Plan,  landowners have developed approximately 250 acres 

of on-farm recharge basins and have made  other efforts to recharge excess surface water in 

addition to the Pixley Irrigation District’s efforts. The  landowner recharge projects are anticipated 

to grow throughout the implementation and planning horizon of this Plan.  
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 Existing Wells, Well Types, and Density § 354.8(a)(5) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (5) The density of wells per square mile, by dasymetric or similar mapping techniques, showing the 

general distribution of agricultural, industrial, and domestic water supply wells in the basin, including de 

minimis extractors, and the location and extent of communities dependent upon groundwater, utilizing 

data provided by the Department, as specified in Section 353.2, or the best available information. 

The density of water supply wells in and around the Agency is based on the DWR Well Completion 

Report Map Application tool.7 As indicated, the density of supply wells is relatively low in Agency, 

averaged at approximately 2 wells per section. This reflects the prevailing agricultural land uses 

and scarcity of residence and businesses, all of which depend of groundwater when surface water 

is not available. Figure 1-9: Well Density and Approximate Well Location by Well Use Type 

displays well density by section and Table 1-2: Wells within Pixley ID GSA by Well Use Type 

lists the count of wells by well type.  

 

Figure 1-9: Well Density and Approximate Well Location by Well Use Type 
  

 
7 California Department of Water Resources, 2019 
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Table 1-2: Wells within Pixley ID GSA by Well Use Type 

Well Type Count 

Public/Municipal/Industrial 32 

Domestic 198 

Agricultural 368 

Unknown 382 

Total 980 

 

 Communities Dependent Upon Groundwater§ 354.8(a)(5) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(a) One or more maps of the basin that depict the following, as applicable: 

  (5) The density of wells per square mile, by dasymetric or similar mapping techniques, showing the 

general distribution of agricultural, industrial, and domestic water supply wells in the basin, including de 

minimis extractors, and the location and extent of communities dependent upon groundwater, utilizing 

data provided by the Department, as specified in Section 353.2, or the best available information. 

This Plan distinguishes between human communities (i.e. Groundwater Dependent Communities) 

and ecological communities (i.e. Groundwater Dependent Ecosystems) in its description of those 

communities dependent upon groundwater. 

 

 Potentially Groundwater Dependent Ecosystems 

Groundwater Dependent Ecosystems (GDEs) are defined as “ecological communities or species 

that depend on groundwater emerging from the aquifers or on groundwater occurring near the 

groundwater surface”. Utilizing the DWR Natural Communities (NC) Dataset Viewer map 

application8, these ecosystems are shown to potentially occur along the natural reaches of the 

Tule River.  

 

Figure 1-10: Potentially Groundwater Dependent Ecosystems within the Pixley ID GSA 

provides a map visualizing the extent of GDEs that may potentially occur within the Agency. 

 

Section 2.2.7 notes that GDEs are unlikely to occur in the Tule Subbasin given that the average 

depth to groundwater relative to the root zone for groundwater dependent plants is well below 

those plants’ roots systems.  

  

 
8 (California Department of Water Resources, 2019) 
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Figure 1-10: Potentially Groundwater Dependent Ecosystems within the Pixley ID GSA 
 

The term Groundwater Dependent Ecosystems has been specifically defined at 23 CCR § 351(m) 

to mean “ecological communities or species that depend on groundwater emerging from aquifers 

or on groundwater occurring near the ground surface.”   The report prepared by the Tule Subbasin 

GSAs, the Tule Subbasin Settings referenced in Section 2.3.6 of the GSP and attached to and 

incorporated into the GSP, found no interconnected surface water systems in the Tule Subbasin.  

Based on the data collected as part of the Tule Subbasin Setting no areas of surface water were 

found that meet the above definition.   

 

Section 2.3.7 of the GSP, again referencing the Tule Subbasin Settings, found no GDEs based 

on a review of the CDWR Groundwater Dependent Ecosystems database and the applicable 

depth to groundwater maps, although noting that such systems may be found in upstream areas 

of surface water streams.  There may be areas where GDEs could exist due to seasonal 

variations, water year types, or areas where the type of soil allows slow percolation of surface 

waters or a perched level of groundwater, but such areas have not yet been identified from 

available data sources.  Based on existing studies, and the nature of the groundwater basin as 

being clearly detached from any surface water ecological assets, it is not likely that any GDEs 

meeting the statutory definition exist (as noted in Section 1.4.8.1 of the GSP). 

  

The GSA will continue to address any emerging data.  As the planned monitoring network is 

implemented and additional monitoring stations are installed and additional data is collected, 

particularly in areas near surface water, this analysis will be updated as data is collected.  The 
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potential for short term connectivity due to variations in water year types during different seasons 

of the year or due to types of soil will be studied.  If interconnected surface waters or GDEs are 

identified, then the GSP will be updated to reflect how the identified sustainable management 

criteria will impact these areas.   

 

Until there has been any new information that establishes the likelihood of the existence of any 

GDEs within the GSA planning area, additional information concerning the identification of 

conservation areas and public trust lands, as suggested by the comments received, is not 

warranted.   If the GSA learns of the existence of areas that meet the regulatory definition of 

GDEs, then it will consider the list of freshwater species provided by The Nature Conservancy, 

and determine the appropriate measurable objectives and minimum thresholds  

 

Commenters on this topic noted the Pixley National Wildlife Refuge (PNWR) and planning actions 

in the GSP.  The GSA notes that areas considered GDEs as defined in regulation (for which 

consideration must be made in a GSP) are distinguishable from ecological management areas 

that utilize pumped groundwater but do not have a naturally occurring surface-water-to 

groundwater connection as required to meet the regulatory definition.  For example, PNWR is 

wholly located within the Pixley ID GSA planning area, utilizes groundwater pumped from deep-

aquifer wells, but does not otherwise have a connection to groundwater and accordingly does not 

meet the regulatory definition and is not included on statewide databases identifying GDEs.  

Instead of being considered a GDE, this land use is considered any overlying groundwater user, 

and therefore will be required to adhere to the same accounting action items that other 

groundwater pumpers will be required to adhere to (as described in Section 5.2 of the GSP).   

 

The GSA further notes that PNWR will have an obligation to more fully utilize its available surface 

water than it has in the past in order to adhere to the groundwater accounting requirements as 

described in Section 5.2 of the GSP.  The Central Valley Project Improvement Act (1992, the 

“CVPIA”) provided 1,280 a/f Level 2 supply for the PNWR which could be accessed by delivery 

from Millerton.  CVPIA also provided for 4,720 a/f Level 4 for the PNWR. That supply could be 

delivered to the refuge through purchases and banking programs managed by FWS.  There is no 

basis for allocating groundwater to PNWR in lieu of or as an element of his Level 2 or Level 4 

supply, as one commenter suggested. 

 

The Conveyance Refuge Water Supply EA/IS & ROD identified an alternative that would involve 

an in-lieu groundwater exchange between PID and the Pixley NWR. Under the exchange 

proposal, the Pixley GSA would decrease their annual pumping by 6,000 ac-ft and receive an 

equivalent amount of surface water from the Friant-Kern Canal through existing district facilities. 

This 6,000 ac-ft of surface water would be the water used to supply the refuge with CVPIA Level 

2 and Level 4. Six new deep aquifer groundwater wells have been installed on the refuge and 

could be used to provide the full Level 2 & 4 demand of 6,000 ac-ft. The net change in annual 

withdrawals from the deep aquifer would be zero if the FWS provided the Level 2 and Level 4 

water to the Pixley GSA. This program would be a benefit to the environmental use of water in 

the Pixley GSA. 

 



Pixley Irrigation District GSA  GSP | Section 1 

1-21 Rev_01.21.2020 

 Groundwater Dependent Communities 

As previously described in Section 1.4.6.1, all of the Agencies communities rely on groundwater 

to meet their municipal and industrial needs. All communities within the Plan area are considered 

either Disadvantaged or Severely Disadvantaged Communities.  

 

With groundwater as the primary source of municipal and industrial water within the Agency, 

communities are sensitive to groundwater depths relative to the depth of their water supply wells. 

Continued lowering of the groundwater levels could result in well failure and the loss of a 

community’s primary source of water. Figure 1-7: Water Use Sector and Water Use Type from 

Section 1.4.6 Water Use Sector and Water Use Type of this Plan provides a map of Agencies 

various community areas that rely on groundwater as their primary source of water. 

 
Groundwater dependent communities may also encompass individual domestic wells.  

Identification and monitoring of existing domestic water wells is difficult due to the lack of existing 

permitting and tracking information, and will be an item of future data development as part of GSP 

implementation. 

 

 Existing Water Resource Monitoring and Management Programs § 

354.8(c) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(c) Identification of existing water resource monitoring and management programs, and description of 

any such programs the Agency plans to incorporate in its monitoring network or in development of its 

Plan. The Agency may coordinate with existing water resource monitoring and management programs 

to incorporate and adopt that program as part of the Plan. 

Water resources monitoring, and management have a long history in the Agency. Monitoring and 

management programs are conducted by local water agencies at regional and local scales, 

ranging from Federal and State programs (e.g., NOAA and CASGEM programs respectively) and 

regional plans (e.g., Integrated Regional Water Management Plan) to water system monitoring 

by local entities. Water resource monitoring programs considered in this section are summarized 

below and reports associated with these programs can be found in Appendix B.  Additionally, a 

summary of groundwater quality monitoring programs and databases within the Tule Subbasin is 

described in Section 2.2.4 – Groundwater Quality Issues § 354.16(d) of the Tule Subbasin Setting 

(See Attachment 2, of Appendix A) 

 

District Water Management Plans (WMP).9 The Central Valley Improvement Act of 1992 

(CVPIA) and Section 210 (b) of the Reclamation Reform Act of 1982 requires the preparation and 

submittal of a Water Management Plan from certain entities that enter into a repayment contract 

or water service contract with the USBOR.  Each Plan is required to be updated every 5 years. 

These plans provide an inventory of the entities’ water resources, best management practices for 

urban and agricultural contractors, facilities descriptions, and other details pertinent to the 

 
9 PixleyIrrigation District, 2018 
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management of those entities’ water. The Pixley Irrigation District prepares and submits a WMP, 

with the lasted being submitted in 2018. 
 

Irrigated Lands Regulatory Program (ILRP). The Irrigated Lands Regulatory Program (ILRP) 

of the Regional Water Quality Control Board (RWQCB) regulates waste discharges from irrigated 

lands. The ILRP focuses on priority water quality issues, such as pesticides and toxicity, nutrients, 

and sediments. There are 14 coalitions in the Central Valley region that help growers comply with 

the general orders; one of these is the Tule Basin Water Quality Coalition (TBWQC), which 

operates programs to monitor (and improve) surface water and groundwater quality associated 

with agricultural activities. 

 

In response to the RWQCB's General Order, TBWQC prepared a Groundwater Quality 

Assessment Report (GAR)10, which provided a groundwater quality assessment and documented 

high vulnerability areas where discharges from irrigated agriculture may have degraded 

groundwater quality. The focus was primarily on nitrate (NO3) with evaluation of Electrical 

Conductivity (EC) in the same area. 
 

With the recognition of high vulnerability areas and areas with confirmed water quality 

exceedances, TBWQC also prepared a Comprehensive Groundwater Management Plan 

(CGQMP; see Section 2.1.2.4 on Management Plans).11 While CGQMP implementation is 

focused on irrigation and nutrient management practices to improve water quality, it also provides 

a Groundwater Quality Trend Monitoring Program (GQTMP) to develop long-term groundwater 

quality information to evaluate regional effects of irrigated agriculture. 
 

Surface Water Quality Monitoring Plan, 2014. TBWQC has prepared a Surface Water Monitoring 

Plan (TBWQC, 2014)12 in response to the RWQCB's General Order No. R5-2013-0120 (Waste 

Discharge Requirements General Order for Growers within the Tulare Lake Basin Area that are 

Members of a Third-Party Group; herein General Order). 
 

In the TBWQC area, there are three natural waterways that enter the TBWQC coverage area and 

exits into other areas that can benefit from its beneficial uses: the Tule River, the Deer Creek, and 

the White River. 
 

Since 2006, the Tule River Sub-Watershed has sampled and monitored the surface water quality 

at each of seven monitoring stations as follows: 

 

1. Porter Slough below Road 192 

2. Tule River at Road 144 

3. Tule River at Road 92 

4. Deer Creek at Road 248 

 
10 Tule Basin Water Quality Coalition (TBWQC), 2016 
11 Tule Basin Water Quality Coalition (TBWQC), 2016 
12 Tule Basin Water Quality Coalition (TBWQC), 2014 
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5. Deer Creek at Road 176 

6. Deer Creek at Road 120 

7. White River at Road 208 

 
The proposed sites selected for the fixed monitoring locations along the Tule River, Deer Creek, 

and White River were chosen to provide a series of monitoring sites among the irrigated 

agricultural lands along each water body within the TBWQC. In general, along each of the three 

natural waterways within the TBWQC, a monitoring station was sited at the location the waterway 

enters the irrigated agriculture of the basin from the Sierra Nevada Mountains and a monitoring 

station at the downstream end of the waterway where limited flow occurs. For the Tule River and 

Deer Creek, intermediate monitoring sites were added to better characterize and distinguish 

between potential discharges from the different irrigated lands and municipalities along the 

channel. 
 

Sampling generally occurs over one or two days per event, with one event occurring each 

month.  Consistent with RWQCB requirements, the surface water monitoring parameters include 

field measurements, general physical parameters, metals, nutrients, pesticides, and water toxicity 

for designated species. These parameters are provided in Appendix B of the TBWQC Surface 

Water Monitoring Plan (TBWQC, 2014). 

 

Groundwater Quality Trend Monitoring Program. The TBWQC Groundwater Quality Trend 

Monitoring Workplan (GQTMW) 13 follows the requirements outlined in Section VIII.D.3, (page 32) 

of the General Order and in Attachment B: Monitoring and Reporting Program Sections IV.C and 

IV.E (pages 19-22).   

The objectives of the Groundwater Quality Trend Monitoring Workplan, as outlined in Attachment 

B section IV.C (page 19) of the General Order, are stated as follows: 

 

1. To determine current water quality conditions of groundwater relevant to irrigated 

agriculture. 

2. To develop long-term groundwater quality information that can be used to evaluate the 

regional effects (i.e., not site-specific effects) of irrigated agriculture and its practices. 

 

The first year of groundwater quality sampling occurred in Fall of 2017. The program is designed 

to collect groundwater quality sample annually, during the summer, and groundwater level 

monitoring bi-annually, during the spring and fall each year. The monitoring network design 

consist of one priority well per township and range quadrant throughout the Tule Subbasin, with 

one secondary wells per quadrant in the case the priority well is suddenly removed from the 

program. The network is still in the developmental stages and is still working towards the full 

monitoring network coverage previously described. 

 
CV-Salts. The CV-Salts program is overseen by State Water Board and Central Valley Water 

Board through Central Valley Water Quality Control Plans (often referred to as Basin Plans) and 

 
13 Tule Basin Water Quality Coalition (TBWQC), 2017 
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focus on achieving long term salinity management and nitrate management within the San 

Joaquin Valley. The Nitrate Control Program (NCP) focuses on achieving the following goals: 

1. Provide safe drinking water supplies 

2. Reduce nitrate impacts to water supplies 

3. Restore groundwater quality, where reasonable and feasible  

To achieve the goals of the NCP permitted nitrate dischargers are given two pathways for 

compliance. Pathway A – Individual Permitting Approach or Pathway B – Forming a Local 

Management Zone which grants dischargers an exception from the nitrate standard but must work 

with Management Zone members to first assure safe drinking water. 

 

There are six (6) groundwater subbasin in the Central Valley region that have been prioritized as 

Priority 1 Subbasins to implement of the NCP, one of which is the Tule Subbasin which resulted 

in the formation of the Tule Basin Management Zone (TBMZ) to represent Pathway B dischargers 

in early 2021.  

 

Initial and on-going efforts of the TBMZ consist of providing drinking water well testing resources 

and in cases of nitrate standard exceedances, providing those impacted by the exceedance with 

resources for accessing clean, safe, free drinking water. Future efforts align with finding long-term 

drinking water solutions to those impacted by nitrate contamination of groundwater. 

 

State-Wide Groundwater Quality Monitoring. State-wide sources of groundwater quality data 

include the Water Data Library (WDL)14, GeoTracker/GAMA program, and the State Water 

Resources Control Board's Division of Drinking Water. DWR's WDL is a repository for 

groundwater quality data. Samples are collected from a variety of well types including irrigation, 

stock, domestic, and some public supply wells. 
 

Established in 2000, the GeoTracker Groundwater Ambient Monitoring and Assessment (GAMA) 

15 Program monitors groundwater quality throughout the state of California. GAMA is intended to 

create a comprehensive groundwater monitoring program throughout California and increase 

public availability and access to groundwater quality and contamination information. GAMA 

receives data from a variety of monitoring entities including DWR, USGS, and the State Water 

Resources Control Board (SWRCB).  
 

The SWRCB's Division of Drinking Water (DDW, and formerly the Department of Health 

Services)16 monitors public water system wells for California Code of Regulations Title 22 

requirements relative to levels of organic and inorganic compounds such as metals, microbial 

compounds and radiological analytes. Data are available for active and inactive drinking water 

sources, for water systems that serve the public, and wells defined as serving 15 or more 

 
14 California Department of Water Resources, 2019 
15 California State Water Resources Control Board, 2019 
16 California Division of Drinking Water, 2018 
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connections, or more than 25 people per day.  Such systems covered by this Agency include the 

Pixley Public Utility District and Teviston Community Service District. 

 

Integrated Regional Water Management Plans. Since the passage of the Integrated Regional 

Water Management Planning Act (SB 1672) in 2002, two Integrated Regional Water Management 

Plan (IRWMP)17 regions have formed over the Tule Subbasin:  

 

• Poso Creek, and  

• Tule River.  

 

Participants overlying these regions, including public agencies, water suppliers, and other 

interested stakeholders, have formed Integrated Regional Water Management Groups (IRWMGs) 

that have actively worked to develop and implement IRWMPs. The purpose of these IRWMPs is 

to document and detail the approach of participants within a watershed as to their methodologies 

for coordinating and integrating management of available water resources. Moreover, the goal of 

these IRWMPs is to identify and implement water management solutions on a regional scale that 

increases regional self-reliance, reduce conflict, and manage water to concurrently achieve social, 

environmental, and economic objectives. The Lower Tule River Irrigation District is a member 

agency to the Tule River Basin IRWM group. 

 

The Tule River Basin IRWMP was most recently updated in 2018.  

 

District Groundwater Management Plans. The Groundwater Management Act, passed in 1992 

as AB 3030, provided for local groundwater management through voluntary Groundwater 

Management Plans (GWMPs) developed by existing local agencies. The bill has since been 

modified by SB 1938 and AB 359. GWMPs provide for planned and coordinated groundwater 

monitoring, operation, and administration of groundwater basins with the goal of long-term 

groundwater conjunctive use and resource sustainability. Within the Agency, the Deer Creek and 

Tule River Authority has developed a GWMP:  

 

 Incorporation of Existing Monitoring and Management Programs 

Existing monitoring programs identified provide a broad variety of data pertinent and relevant to 

the sustainable management of groundwater within the Tule Subbasin. These programs have 

been reviewed as part of developing this Plan. Data sources and monitoring sites from several 

monitoring programs have been incorporated into the Tule Subbasin Monitoring Plan. Additional 

discussion on their inclusion can be found in Section 4 of this Plan. 

 

Existing management programs identified generally contribute to the sustainable management of 

surface water and groundwater resources within the agency. Various aspects of these programs 

have been considered throughout the development of this Plan and many have contributed to the 

 
17 Deer Creek and Tule River Authority, 2018 
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development of this GSP’s sustainable management criteria and projects and management 

actions. 

 

 Limitations of Operational Flexibility § 354.8(d) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(d) A description of how existing water resource monitoring or management programs may limit 

operational flexibility in the basin, and how the Plan has been developed to adapt to those limits. 

Existing management programs may limit the operational flexibility of this Plan and its 

implementation. These limitations have been considered and incorporated as part of evaluation 

the Agencies’ projects and management actions in Section 5 of this Plan. 

 

 Conjunctive Use Programs § 354.8(e) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(e) A description of conjunctive use programs in the basin. 

The Pixley Irrigation District has based its irrigation distribution system on conjunctive 

management of its surface water and groundwater resources. Surplus surface water supplies are 

available for direct groundwater recharge within the District. The District operates 13 recharge 

basins through its service area. 

 

The District receives an average of 31,100 acre-feet/year from native Deer Creek flows and 

imported water, of which, an average of 3,900 acre-feet/year is delivered to recharge basins. The 

actual volumes of imported surface water historically delivered to the District is detailed in 

Appendix D: Table 1a of the Tule Subbasin Setting.  

 

Additionally, the District has adopted policy regarding landowner recharge of surface water. The 

policies provide entities who perform the acts of recharge with groundwater recharge credits and 

the exclusive opportunity to extract the recharged surface water at a later date, pursuant district 

policy and conditional restraints. These districts’ policies also describe leave-behind percentages, 

wherein a percentage of the surface water applied to recharge is credited to the districts’ accounts 

to protect the Subbasin and benefit local groundwater levels within the District. A copy of this 

policy is included in Appendix  1-C.

 

 Land Use Plans § 354.8(f)(1) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(f) A plain language description of the land use elements or topic categories of applicable general plans 

that includes the following: 

  (1) A summary of general plans and other land use plans governing the basin. 
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Under GOV § 65300 et seq, state law requires each City and County to prepare and adopt a 

comprehensive long-range General Plan (GP) for its future development. These GPs must 

address, to the extent the elements exist in the planning area (GOV § 65301(c), GOV § 65302) 

seven mandatory Elements: 

  

• Land use; 

• Circulation;  

• Housing; 

• Open-space;  

• Conservation;  

• Safety; and  

• Noise.  

 

Tulare County possess the land use authority within the Agency Plan area. Tulare County also 

administers Community Plans, which are a part of the land use element of the county-wide GP. 

Within the Agency, areas with Community Plans addressed in this GSP include Pixley and 

Teviston. 

 

For the purpose of this Plan, the general plan elements and topic categories considered 

applicable to address are land use, and water resources and supply.  A general summary of each 

of these plans is detailed below under their respective general or community plan heading.  

 

 Tulare County 2030 General Plan Update 

The Tulare County General Plan 2030 Update (Tulare County GP)18 is a three-part planning 

document, officially adopted by the County Board of Supervisors in August 2012. Part I, entitled 

“Goals and Policies Report”, covers the seven mandatory Elements of a General Plan and several 

optional Elements. Part II, entitled “Area Plans”, consists of four adopted area plans: The Rural 

Valley Lands Plan, the Corridors Framework Plan, the Foothill Growth Management Plan, and 

The Mountain Framework Plan. These four plans cover four of the major geographical areas 

within the unincorporated areas of the County and establish policies applicable in these particular 

areas. Part III, entitled “Community, Hamlet, County Adopted City General, Valley Sub-Area, 

Corridor Sub-Area, Foothill Sub-Area, and Mountain Sub-Area Plans” consists of a number of 

existing planning documents and applies tailored policies to specified portions of the County 

based off of these documents. 

 

Specific policies related to general plan Elements are found in Part I, which is organized into four 

Components. Each of the Components address one or several of the fourteen Elements covered 

by the Tulare County GP, guided by a series of Concepts and Principles. Listed under each 

Element are a series of Goals and Policies that are to be implemented through Implementation 

 
18 County of Tulare, 2012 
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Measures that constitute a preliminary, anticipated Work Plan to carry out the identified Goals 

and Policies. 

 

The County’s Area Plans in Part II provide policies and designate land uses that generally 

encompass agricultural, rural, semi-rural, open space, and mountainous areas not otherwise 

within the designated urban or community boundaries described in Part III. Individual community 

plans are found in Part III. These plans provide an overview of each community plan area’s 

general conditions, describe specific policies relevant to the area, and designate land use and 

development boundaries. 

 

Land Use 

Land Use is a primary focus of the Tulare County GP and is specifically addressed as an Element 

in Chapter 4 of Part I in the Tulare County GP. Among other things, this Element describes the 

County’s land use designations, which are applied based upon regional planning frameworks and 

other land use boundaries. A land use designation is “an applied policy on the General Plan Land 

Use Diagrams that defines allowable uses and development standards for agricultural, residential, 

commercial, industrial development, and other basic categories of land use”. Other Elements and 

Parts of the Tulare County GP relevant to general land uses within the Agency include: 

 

• Part I, Component A, Chapter 2 - Planning Framework 

• Part I, Component B, Chapter 3 – Agriculture 

• Part I, Component C, Chapter 8 – Environmental Resource Management 

• Part II, Chapter 1 – Rural Valley Lands Plan 

 

Urban land use is more specifically managed in the Tulare County GP through the official adoption 

of Urban Development Boundaries (UDBs) and Urban Area Boundaries (UABs). UDBs establish 

a 20-year growth boundary that is consistent with the General Plan’s time horizon and delineate 

an area around incorporated cities or unincorporated communities wherein urban development is 

allowed and services are likely to be extended. UABs are areas where land uses are presumed 

to have an impact upon the adjacent incorporated city. To coordinate land use planning with cities, 

the County adopts City UABs and City UDBs wherein the city regulates land use within the City 

UDB and the city and the County coordinate on land use within the City UAB. Generally, the 

Planning Area of a city’s General Plan is coterminous with the County Adopted City UAB. Within 

the Agency there are one (1) Community Plan and one (1) Hamlet Plan that include UDB or UHD 

that are addressed in this Plan. The most recent version of these plans, as well as the UDBs and 

UHDs that they define, include:  

 

• Pixley Community Plan Update (2015) 

o UDB for Pixley 

• Teviston Hamlet Plan 2017 

o HBD for Teviston 
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The Rural Valley Lands Plan encompasses the majority of Agency’s non-urban areas. This plan 

establishes policies for preserving agricultural and working landscapes. Policies include the 

establishment of minimum parcel sizes for areas zoned for agricultural and a fifteen-factor 

evaluation that must be undertaken to determine if certain agricultural lands may be suitable for 

urban/suburban type uses prior to approving such a change in land use designation or zoning. 

 

The individual Community Plans noted above, as well as the respective information provided on 

population, land use, water supply, are provided in Part III of the Tulare County GP. 

 
Water Resources and Supply 

The Water Resources Element (Part 1, Component C, Chapter 11) of the Tulare County GP 

specifically addresses water resources Goals and Policies related to both County water quality 

and supply. Several other Elements described in Part 1 of the Tulare County GP also include 

Concepts, Principles, and Policies that address water resources management, including the 

Planning Framework Element (Part 1, Component A, Chapter 2), the Agriculture Element (Part 1, 

Component B, Chapter 3), the Environmental Resources Management Element (Part 1, 

Component C, Chapter 8), the Health and Safety Element (Part 1, Component C, Chapter 10), 

and the Public Facilities and Services Element (Part 1, Component D, Chapter 14). Additionally, 

the County’s Community Plans also address water resources and supply.  

 

Following the structure for Part I of the Tulare County GP, a selected subset of Part I’s Concepts, 

Principles, Goals and Policies from various Elements describing water resources management 

have been provided below:  

 

Component:  A. General Plan Framework 

Element: 2. Planning Framework 

Section: 2.5 New Towns 

Policy: PF-5.2 Criteria for New Towns 

Policy Text:  “When evaluating proposals for New Town development, the County 

shall require all of the following:  … 9. The adequate and sustainable water supplies be 

documented….” 

 

Component:  B. Prosperity 

Element: 3. Agriculture 

Section: 3.1 Agriculture Preservation 

Policy: AG-1.13 Agriculture Related Land Uses 

Policy Text:  “The County shall allow agriculturally-related uses, including value-

added processing facilities by discretionary approvals in areas designated Valley or Foothill 

Agriculture, subject to the following criteria: … The operational or physical characteristics of the 

use shall not have a significant adverse impact on water resources or the use or management of 

surrounding agricultural properties within at least one-quarter (1/4) mile radius….” 
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Policy: AG-1.17 Agricultural Water Resources 

Policy Text:   “The County shall seek to protect and enhance surface water and 

groundwater resources critical to agriculture.” 

 

Component: C. Environmental 

Concept:  5. Water 

Concept Text:  “The long-term strategy for water in Tulare County centers on 

protecting and conserving existing water supplies and identifying new sources of water. As Tulare 

County continues to grow, new methods for conserving, treating, and supplying water will enable 

County residents and farmers to continue to have an adequate supply of quality water that limits 

long-term impacts on groundwater.” 

 

Principle:  1. Protection 

Principle Text: “Protect the supply and quality of urban, agricultural, and environmental 

water serving the County...” 

 

Principle:  2. New Sources 

Principle Text:  “Identify and encourage the development of new sources for water that 

do not deplete or negative impact groundwater….” 

 

Principle:  3. Recharge 

Principle Text:  “Identify and encourage the development of locations where water 

recharge systems can be developed to replenish water supplies….” 

 

Principle: 4. Adequate Supply 

Principle Text:  “Plan delivery systems to ensure adequate water is available to meet 

demands...” 

 

Principle:  5. Conservation 

Principle Text:  “Encourage efficient use, conservation, and reuse of water…” 

 

Element: 10. Health and Safety 

Section: 10.2 Geologic and Seismic Hazards 

Policy: HS-2.7 Subsidence 

Policy Text:   “The County shall confirm the development is not located any known 

areas of active subsidence. If urban development may be located in such an area, a special safety 

study will be prepared and needed safety measures implemented. The County shall also request 

that developments provide evidence that its long-term use of ground water resources, where 
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applicable, will not result in notable subsidence attributed to the new extraction of groundwater 

resources for the use by the development.” 

 

Section: 10.5 Flood Hazards 

Policy: HS-5.4 Multi-Purpose Flood Control Measures 

Policy Text:   “The County shall encourage multipurpose flood control projects that 

incorporate recreation, resource conservation, preservation of natural riparian habitat, and scenic 

values of the County's streams, creeks, and lakes. Where appropriate, the County shall also 

encourage the use of flood and/or stormwater retention facilities for use as groundwater recharge 

facilities.” 

 

Element: 11. Water Resources 

Section: 11.1 General 

Policy: WR-1.1 Groundwater Withdrawal 

Policy Text:   “The County shall cooperate with water agencies and management 

agencies during land development processes to help promote an adequate, safe, and 

economically viable groundwater supply of existing and future development within the County. 

These actions shall be intended to help the County mitigate the potential impact on groundwater 

resources identified during the planning and approval processes.” 

 

Policy: WR-1.3 Water Export Outside County 

Policy Text:   The County shall regulate the permanent export of groundwater and 

surface water resources allocated to users within the county to cities and service providers outside 

the County to the extent necessary to protect the public health, safety, and welfare. The County 

shall strive for a “no net loss” where there may be exchanges serving a public purpose.” 

 

Policy: WR-1.8 Groundwater Basin Management 

Policy Text:   “The County shall take an active role in cooperating in the 

management of the County’s groundwater resources.” 

 

Policy: WR-1.11 Groundwater Overdraft 

Policy Text:  “The County shall consult with water agencies within those areas of the 

County where groundwater extraction exceeds groundwater recharge, with the goal of reducing 

and ultimately reversing groundwater overdraft conditions in the County.” 

 

Section: 11.2 Water Quality 

Policy: WR-2.1 Protect Water Quality 

Policy Text:  “All major land use and development plans shall be evaluated as to 

their potential to create surface and groundwater contamination hazards from point and non-point 

sources. The County shall confer with other appropriate agencies, as necessary, to assure 
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adequate water quality review to prevent soil erosion; direct discharge of potentially harmful 

substances; ground leaching from storage of raw materials, petroleum products, or wastes; 

floating debris; and runoff from the site.” 

 

Section: 11.3 Water Supply 

Policy: WR-3.1 Develop Additional Water Resources 

Policy Text:   “The County shall encourage, support and, as warranted, require the 

identification and development of additional water sources through the expansion of water storage 

reservoirs, development of groundwater banking for recharge and infiltration, and promotion of 

water conservation programs, and support of other projects and programs that intend to increase 

the water resources available to the County and reduce the individual demands of urban and 

agricultural users.” 

 

Policy: WR-3.3 Adequate Water Availability 

Policy Text:   “The County shall review new development proposals to ensure the 

intensity and timing of growth will be consistent with the availability of adequate water supplies. 

Projects must submit a Will-Serve letter as part of the application process and provide evidence 

of adequate and sustainable water availability prior to approval of the tentative map or other urban 

development entitlement.” 

 

Policy: WR-3.4 Water Resource Planning 

Policy Text:   “The County shall continue participation in State, regional, and local 

water resource planning efforts affecting water resource supply and quality.” 

 

Policy: WR-3.9 Establish Critical Water Supply Areas 

Policy Text:   “The County shall designate Critical Water Supply Areas to include the 

specific areas used by a municipality or community for its water supply system, areas critical to 

groundwater recharge, and other areas possessing a vital role in the management of the water 

resources in the County, including those areas with degraded groundwater quality.” 

 

Pursuant SB 244, County of Tulare undertook and included as Appendix D of the Tulare County 

GP a Disadvantaged Communities Assessment. This Assessment provides an inventory of water 

and sewer systems, services, and connections for the County’s disadvantaged communities. 

Communities described in this report that reside within Pixley ID GSA include Pixley and Teviston. 

 

Additionally, the County prepared an Environmental Impact Report (EIR) as part of the 

development and adoption of the Tulare County GP. Included as Exhibit G of this EIR is the 

County’s Phase 1 Water Supply Evaluation. This document provides an initial analysis to support 

the determination of environmental impacts to water resources within Tulare County as 

associated with the adoption of the General Plan Update. The analysis indicates that groundwater 

basins within Tulare County are in a state of overdraft, but states “the actions contemplated in the 

General Plan Update are not anticipated to cause overall demand in the County to vary from 
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within the range of demands seen historically and documented by DWR -  a range of about 

2,600,000 acre-feet to 2,850,000 acre-feet.” (Tulare County General Plan Update, Phase 1 - 

Water Supply Evaluation). Several issues that the EIR assumes may affect water supplies include 

changes in California groundwater law, water supply and use legislation, regulatory risk, 

groundwater adjudications, population growth, and ongoing groundwater overdraft.  

 

Tulare County’s role in water management is broad and active, particularly through the 

implementation of its General Plan and its Zoning Ordinance (Ordinance No. 352), which 

translates GP policies into specific use regulations and development standards. The County also 

administers other ordinances that influence the use and management of water within the County, 

and it may adopt more in the future if deemed necessary. However, limited only to the 

implementation of its GP, Tulare County recognizes that its role in water management is neither 

comprehensive, nor is it to be construed as such; rather, water management within the County is 

carried out by way of dynamic interactions between the many participants who each bear a variety 

of responsibilities: 

 

“Policies in this Element discussing the management of water resources are relative to the areas 

of water usage that the County has regulatory control, such as the approval of new land use 

development. The policies in this Element should not be construed to insert the County into the 

allocation or management of water resources. This is a complicated system over which the 

County does not have direct regulatory control.” (Tulare County General Plan 2030 Update) 

 

More explicit discussion of water needs, water supply, and water resources and services 

infrastructure for communities within Pixley ID GSA with active Community Plans is found in 

Sections 1.4.12.2. 

 

 Pixley Community Plan Update 2015 

The Pixley Community Plan 2015 Update (Pixley CP) is a component of Part III of the Tulare 

County GP. Pixley is a small, unincorporated severely disadvantaged community with a UBD of 

approximately 2,300 acres.19 The community is located in the western portion of Tulare County, 

with State Route 99 bisecting the community. The Pixley CP provides an overview of the 

community’s general conditions, states the Tulare County GP policies relevant to Pixley, 

describes goas and policies specific to Pixley, and designates land use and development 

boundaries. 

 
Land Use 

The Pixley CP provides four categories of Goals, Objectives and Policies specific to Pixley that 

generally provide a framework for sustainable community and land use development. These are, 

namely, Community Development, Housing, Economic Base, and Environmental Quality. 

 

Pursuant the adoption of the Pixley CP by the County of Tulare, land uses within Pixley’s UDB 

were updated in 2015.  These land uses reflect the policies specific to Pixley pursuant the Pixley 

 
19 Pixley Community Plan 2015 
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CP, as well as the policies within the Tulare County GP relevant to Pixley. It should be noted that 

some land uses identified in the Pixley CP may have changed since adoption of the document, 

as warranted or requested in relation to various development projects and General Plan 

Amendments. Exhibit 1-2: Community of Pixley Proposed Land Use Map displays the future 

proposed land uses within Pixley as shown in the Community Plan Update. 

 
Water Resources and Supply 

Water resources and supply are addressed under the Infrastructure section of the Pixley CP. 

Municipal water services are supplied to the community by the Pixley Public Utility District (PUD). 

Pixley CSD utilizes four (4) underground wells for supplying municipal water to the community for 

residential and commercial usage.  

 

The Pixley CP addresses policies related to land development in the Goals, Objective and Policies 

Specific to Pixley section of the GP.  

 

 Teviston Hamlet Plan Update 

The Teviston Hamlet Plan Update20 (Teviston HP) is a component of Part III of the Tulare County 

GP. Pixley is a small, unincorporated severely disadvantaged community with a HBD of 

approximately 1,443 acres. The community is located in the southwestern portion of Tulare 

County, with State Route 99 bisecting the community. The Teviston HP provides an overview of 

the community’s general conditions, states the Tulare County GP policies describes goals and 

policies specific to Teviston, and designates land use and development boundaries. 

 
Land Use 

The Pixley CP provides four categories of Goals, Objectives and Policies specific to Teviston that 

generally provide a framework for sustainable community and land use development. These are, 

namely, Community Development, Housing, Economic Base, and Environmental Quality. 

 

Pursuant the adoption of the Teviston HP by the County of Tulare, land uses within Pixley’s HDB 

were updated in 2017.  These land uses reflect the policies specific to Teviston pursuant the 

Teviston HP, as well as the policies within the Tulare County GP relevant to Teviston. It should 

be noted that some land uses identified in the Teviston HP may have changed since adoption of 

the document, as warranted or requested in relation to various development projects and General 

Plan Amendments. Exhibit 1-3: Teviston Proposed Land Use Map displays the future proposed 

land uses within Teviston as shown in the Community Plan Update. 

 

 Effects of Land Use Plans within the Tule Subbasin § 354.8(f)(2) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(f) A plain language description of the land use elements or topic categories of applicable general plans 

that includes the following: 

 
20 Teviston Hamlet Plan 2017 
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  (2) A general description of how implementation of existing land use plans may change water demands 

within the basin or affect the ability of the Agency to achieve sustainable groundwater management over 

the planning and implementation horizon, and how the Plan addresses those potential effects. 

Each of the most recently adopted General and Community Plans active within Agency’s 

jurisdiction retain Goals and Polices and other guidance that generally recognize and, when 

properly implemented, support the following themes: 

 

• Protection and conservation of water supplies; 

• Collaboration with other local agencies to address water management; 

• Identification and development of new supplies; 

• Sustainable physical and economic growth; and 

• Adequate and sustainable water supplies. 

 

The goals of this Plan are seen as generally consistent with the themes and policies of the land 

use plans active within Agency’s jurisdiction. Pursuant the application of these themes and their 

affiliated policies by Tulare County as the land use authority within the Agency through the 

implementation of their Community Plans, the Agency anticipates that it will be able to achieve 

sustainable groundwater management over the planning and implementation horizon.  

 

 Water Supply Assumptions § 354.8(f)(2) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(f) A plain language description of the land use elements or topic categories of applicable general plans 

that includes the following: 

  (3) A general description of how implementation of the Plan may affect the water supply assumptions 

of relevant land use plans over the planning and implementation horizon. 

Water supply assumptions within the recently adopted General and Community Plans active 

within Pixley ID GSA’s jurisdiction generally provide global estimations of future water supplies 

and demands. Additionally, these plans provide Goals and Policies that recognize the need and, 

when implemented, provide for sustainable water management.  

 

As part of the EIR developed for the Tulare County GP, the Phase 1- Water Supply Evaluation 

contemplates four scenarios of future supplies assuming baseline groundwater use across the 

County to be 1,633,100 acre-feet per year.21 It should be noted that Scenarios 1 and 2 assume 

groundwater supplies to be available as historically used with projected groundwater use 

increasing or decreasing depending on hydrologic year type and implemented conservation 

measures, and Scenarios 3 and 4 assume constraints in available surface water supplies that 

project increases in average annual groundwater use. However, the EIR indicates that several 

issues may affect future water supplies, including changes in California groundwater law, water 

 
21 County of Tulare, 2018 
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supply and use legislation, regulatory risk, groundwater adjudications, population growth, and 

ongoing groundwater overdraft. 

 

Tulare County’s Water Resources Goal 3, which recognizes the importance of a sustainable water 

supply, is “[t]o provide a sustainable, long-term supply of water resources to meet domestic, 

agricultural, industrial, and recreational needs and to assure that new urban development is 

consistent with available water resources” (Tulare County General Plan 2030 Update). This Goal 

resonates across all the Community Plans administered and adopted by Tulare County.  

 

Development of this GSP has occurred in consultation with Tulare County whom is a Member 

Agencies of the Pixley ID GSA. This GSP provides for a sustainable groundwater management 

approach that appropriately observes the land use designations maintained by the county and 

has considered the relative impact that current land uses may have on existing groundwater 

supply and demand. Pixley ID anticipates an active role in the future development and facilitation 

of the Tulare County’s respective land use plans. 

 

The projects and management actions proposed in this GSP provide a framework by which the 

opportunity to use lands according to existing land use designations as permitted by land use 

designations and zoning ordinances remains unaltered, subject to the sustainable use of 

groundwater within the Pixley ID GSA’s jurisdiction. However, the assumptions made by Pixley 

ID GSA in this GSP anticipate a shift in water demand due to the implementation of certain 

projects and management actions that ultimately reduces the total volume of groundwater supply 

available for extraction on an annual basis and, therefore, current actual land uses reliant upon 

these groundwater supplies may change during the Plan’s implementation horizon. 
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 Summary of Well Permitting Process § 354.8(f)(4) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(f) A plain language description of the land use elements or topic categories of applicable general plans 

that includes the following: 

  (4) A summary of the process for permitting new or replacement wells in the basin, including adopted 

standards in local well ordinances, zoning codes, and policies contained in adopted land use plans. 

Permitting of water supply wells within in Tulare County is administered by the Tulare County 

Environmental Health Services Division. The Tulare County Ordinance Code, Part IV, Chapter 13 

(Tulare County Well Ordinance) provides requirements for the design, construction, repair, and 

reconstruction of agricultural wells, domestic wells, cathodic protection wells, industrial wells, 

monitoring wells, observation wells, geothermal heat exchange wells, and test wells in such a 

manner that the groundwater of the county will not be contaminated or polluted, and that water 

obtained for beneficial uses will not jeopardize the health and safety or welfare of the people of 

Tulare County.22 Pursuant to Section 9 of the Governor’s Executive Order N-7-22 related to the 

ongoing drought, the Agency has coordinated with Tulare County on a well permit approval 

process that enhances coordination between the County, the Agency, and the landowner 

regarding throughout the well permit application and approval process.  

 

 

The Tulare County Well Ordinance adopts the following standards, and any subsequent revisions 

to such standards: 

 

• DWR Bulletin 74-81 

• DWR Bulletin 74-90 

• California Well Standards: Water Wells, Monitoring Wells, Cathodic Protection Wells 

(Supplement to Bulletin 74-81) 

• Geothermal Heat Exchange Wells (Draft April 1999) 

 

The procedures for applying or, completing, and obtaining a well permit to construct a well are 

also defined in the Tulare County Well Ordinance. In summary, submitted applications are 

reviewed by the Health Officer to determine if an annular seal would be required, accounting for 

location and groundwater quality data that may indicate differences in groundwater quality 

between unconfined and confined aquifers. The application is also reviewed by the 

Agency,accounting for location, localized groundwater elevations and other factors.   A site 

inspection may be conducted before the permit is issued. A permit may be issued, denied, or 

issued with conditions. No permit is required for exploratory borings less than 45’ unless 

groundwater is encountered.  If groundwater is encountered, work must stop and an application 

for a permit must be filed. 

 

 
22 County of Tulare, Environmnetal Health Services Division, 2019 
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Following the passage of SB 252 in 2017 and now pursuant WAT § 13808, the Tulare County 

Environmental Health Services Division is required to request certain information, to the extent 

that it can be reasonably known, from an applicant, or the applicant’s agent, seeking to construct 

a new Agricultural, Dairy, or Industrial well as part of an application for a well permit. This 

information includes the well’s proposed capacity in acre-feet and gallons per minute, size of 

service area, and estimated annual extraction volume in acre-feet. A copy of the County of 

Tulare’s existing Well Permit Application and Agency approval forms are  provided in Appendix  

1-D. 

 

 Effects of Land Use Plans Outside of the Tule Subbasin § 354.10(f)(5) 

23 Cal. Code Regs. § 354.8 Description of Plan Area. Each Plan shall include a description of the 

geographic areas covered, including the following information: 

(f) A plain language description of the land use elements or topic categories of applicable general plans 

that includes the following: 

  (5) To the extent known, the Agency may include information regarding the implementation of land use 

plans outside the basin that could affect the ability of the Agency to achieve sustainable groundwater 

management. 

All Subbasins adjacent to the Tule Subbasin, which include the Kaweah Subbasin, Tulare Lake 

Subbasin, and Kern Subasin, are considered critically over-drafted and must achieve sustainable 

groundwater management by 2040. Moreover, DWR is required to evaluation all GSPs “… 

[C]onsistent with the objective that a basin be sustainably managed within 20 years of Plan 

implementation without adversely affecting the ability of an adjacent basin to implement its Plan 

that groundwater resources within their respective Subbasins are sustainability managed by 

2040.”  

 

The Agency does not anticipate significant or adverse impacts resulting from the implementation 

of land use plans adjacent to the Tule Subbasin being this Plan does not rely on adjacent basins 

land use for successful implementation. 

 

1.5 Notice and Communications  

The Agency’s Plan is a two-part process that includes both the development and implementation 

phases. Interested stakeholders’ participations is a vital component for the success of both 

phases. The public has the opportunity to get involved with the Agency by signing up for the 

interested parties list on the District’s website www.ltrid.org and attending meetings of the Agency 

which are scheduled on a regular basis to provide information to the public and interested parties 

and provide opportunities to ask questions and make suggestions. These meetings are posted 

on the District’s website and announced via email. See Appendix 6-A: Communication, 

Engagement and Outreach Plan for more information.     

 

http://www.ltrid.org/
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 Beneficial Users § 354.10(a) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(a) A description of the beneficial uses and users of groundwater in the basin, including the land uses 

and property interests potentially affected by the use of groundwater in the basin, the types of parties 

representing those interests, and the nature of consultation with those parties. 

Among the beneficial groundwater uses supported by the Tule Subbasin are various irrigated and 

non-irrigated agricultural activities (including but not limited to grazing, vineyards, and orchards); 

rural domestic/residential wells; municipal and industrial supply; and aquatic ecosystems 

associated with rivers and streams. Users of the various beneficial uses of groundwater have 

been actively involved in development of this Plan through the Groundwater Planning 

Commission, a form of a stakeholders committee that advises the District’s Board of Directors on 

SGMA related issues. This is further discussed in Section 1.5.4 Communication. 

 

 List of public meetings held by the Agency § 354.10(b) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(b) A list of public meetings at which the Plan was discussed or considered by the Agency. 

The Agency is committed to encouraging the active involvement of diverse social, cultural, and 

economic interests of the population within the Agency’s boundary. As such, list of public 

meetings held by the agency is outlined in Appendix 6-A. 

 

 Comments received on Plan and Agency Responses § 354.10(c) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(c) Comments regarding the Plan received by the Agency and a summary of any responses by the 

Agency. 

All written comments submitted during this period will be cataloged with responses and attached 
to this Plan as Appendix C. Written comments will be considered during preparation of the final 
Plan. 

 

 Communication 
 Agency Decision-Making Process § 354.10(d)(1) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(d) A communication section of the Plan that includes the following: 
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  (1) An explanation of the Agency's decision-making process. 

Pursuant to SGMA regulations, the “governing body” of the Agency is the legislative body of the 

agency that elected to serve as the Agency, in this case the Board of Directors of the Pixley 

Irrigation District. The decision to adopt this plan, and all decisions to implement the plan, are 

therefore made by the Pixley ID Board of Directors, sitting as the governing body of the Agency. 

The decision-making hierarchy for the Pixley ID Board of Directors is shown in  
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Figure 1-11: Pixley ID GSA Decision Making Structure 
 

The Pixley ID Board of Directors anticipates convening as the Agency governing body on a 

monthly basis, immediately following or prior to the regular monthly meeting of the Pixley ID Board 

of Directors for non-Agency purposes.   

 

The Pixley ID Board of Directors has also established a Groundwater Planning Commission 

(GPC) for the purpose of advising the Pixley ID Board of Directors on all matters relating to the 

development adoption and implementation of a Groundwater Sustainability Plan.  Five (5) GPC 

members are appointed by the Board of Directors, with each Director having the ability to 

recommend a landowner within his or her district, subject to approval by the remaining board 

members.  Additionally, one (1) non-voting representative to the GPC member is selected by the 

two Municipal Management Areas within the Agency Plan Area. The GPC has been meeting 

regularly in advance of development and adoption of this Plan and anticipates a continuation of 

these meetings on a monthly or bi-monthly basis as necessary during the implementation phase 
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of this Plan.  The GPC serves as the primary stakeholder advisory committee, as required under 

SGMA. 

 

The two separate special districts that serve the rural communities that comprise the three 

Municipal Management Areas are not within the boundaries of the Pixley Irrigation District.  The 

Agency and each of these municipal water agencies entered into MOUs to provide coverage of 

the CSD/PUD jurisdiction under SGMA.  Under the terms of the MOUs the communities 

collectively select a non-voting representative to the GPC to provide direct representation of their 

specific interests.   

 

In addition, the Agency participates in the Tule Subbasin Technical Advisory Committee, a group 

comprised of the different GSAs within the Tule Subbasin which operated under various MOUs 

between their respective entities after the passage of SGMA and worked on the preparation of a 

Coordination Agreement between the GSAs. The roles of the entities and their responsibilities are 

outlined and described in Communication, Engagement and Outreach Plan (CEOP) (I.A.III). The 

GPC as the Stakeholder Committee advises the Pixley ID Board of Directors, sitting as the 

governing body for the Agency, on matters dealing with the Agency and Plan development and 

implementation, and other Agency or Plan matters. These groups are open to all interested parties 

or stakeholders who wish to participate; however, decisions regarding formal recommendations 

to be considered by the Agency governing body are made only by the appointed members of 

those bodies. 

 

 Public Engagement Opportunities § 354.10(d)(2) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(d) A communication section of the Plan that includes the following: 

  (2) Identification of opportunities for public engagement and a discussion of how public input and 

response will be used. 

Interested Parties can participate in public meetings and hearings, which are posted on the Pixley 

Irrigation District website and communicate with GPCs and the Board of Directors to provide input, 

obtain information, and review and comment on Plan documents. An initial list of interested 

Parties identified for the Agency formation has been identified. Anyone may be added to the 

interested party list by visiting www.ltrid.org and subscribing to the newsletter. Once registered, 

interested parties will receive invitations to meeting and workshops related to the Agency’s Plan 

development. List of meetings can also be found in Appendix 6-A: Communication 

Engagement and Outreach Plan, Section 5: Venues for Engaging.  

 

 Encouraging Active Participation of the Public § 354.10(d)(3) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(d) A communication section of the Plan that includes the following: 
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  (3) A description of how the Agency encourages the active involvement of diverse social, cultural, and 

economic elements of the population within the basin. 

Communication, Engagement and Outreach Plan Section 1 subsection A.IV describes as follows: 

The communication objective is to encourage the active involvement of diverse social, cultural, 

and economic elements of the population within the Pixley ID boundaries, so far more to 

effectively educate/inform all the beneficial users of groundwater. Agency’s goal during the Plan 

implementation is to provide a meaningful opportunity for engagement and input to the final plan. 

There are many opportunities for the public and stakeholder to input their assistance. Such 

opportunities will come from: events, workshops, educational material, meetings, leaving 

comments on the website (www.ltrid.org/SGMA), and most importantly setting a meeting with one 

of Agency staff. All input received from the public and stakeholders will be reviewed by the GPC 

and strongly considered during the Plan implementation and development. The CSD, PUD and 

the Agency have a memorandum of understanding, that the CSD and PUD have a non-voting 

seat in the GPC. They are responsible for distributing key information to the Disadvantage 

Communities and the Severely Disadvantage community. 

 

 Informing the Public § 354.10(d)(4) 

23 Cal. Code Regs. § 354.10 Notice and Communication. Each Plan shall include a summary of 

information relating to notification and communication by the Agency with other agencies and interested 

parties including the following: 

(d) A communication section of the Plan that includes the following: 

  (4) The method the Agency shall follow to inform the public about progress implementing the Plan, 

including the status of projects and actions. 

The engagement part of this communication plan will require the Agency to meet in person or 

though digital channels, such as email, with the public and stakeholders. Word of mouth through 

the meetings is one of the keys to spread the words about upcoming meetings of the Agency. 

Throughout the course of the development of this Plan, the Agency will be having a regular 

meeting, date and time will be posted in the website and additional notice through email blast will 

be sent out. Public meetings will be held within the Agency’s boundaries and with an appropriate 

notice, prior publication of the agenda will be sent out to the public and stakeholders that have 

requested to be in the interested party list. There are variety of opportunities, venues and methods 

for the Agency to connect with and engage with the beneficial users and the stakeholders 

throughout the Plan development. Pixley ID will use the traditional ways of engaging with its’ 

beneficial users and stakeholders, Pixley ID encourages their stakeholders and beneficial users 

to attend the GPC and Board of Director meeting. Agendas, meeting packets, additional and vital 

information will be posted on the website and will also be sent out to the subscribed users.  

 
Regular Meetings are held according to the following schedule: (Regular meetings are subject to 

change; notice will be sent out to the subscribed users.) Meetings will be held at the Lower Tule 

River Irrigation District Office located at 357 East Olive Avenue, Pixley, CA 93272, unless 

otherwise changed. 

 

• Board of Directors Meeting: the 2nd Thursday of every month at 9:00 A.M. 
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• Groundwater Planning Commission (GPC): Quarterly, the 4th Tuesday following the end 

of the quarter  at 10:00 A.M. 

• SGMA Technical Committee Meeting: Held quarterly on the 3rd Wednesday of applicable 

Month at 2:00 P.M.
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Exhibit 1-1: Tulare County Proposed Land Use Map
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Exhibit 1-2: Community of Pixley Proposed 

Land Use Map 
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Exhibit 1-3: Teviston Proposed Land Use Map
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Figure 11 - Proposed Land Use Plan 
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Appendix  1-A: Notice of the Pixley Irrigation 
District's Election to Become a Groundwater 

Sustainability Agency for a Portion of the Tule 
Subbasin 

























































From: Eric Limas
To: Nordberg, Mark@DWR
Cc: Gooding, Benjamin@DWR; RAUL PEREZ
Subject: Re: Pixley ID GSA notice
Date: Monday, August 15, 2016 3:54:57 PM

Mark,

Attached is an updated map with labels, as you requested.  Also, as noted in item j) of our
 notice, the other entities proposing to manage groundwater in the Tule Basin are Tri-County
 Water Authority, Alpaugh GSA and Lower Tule River Irrigation District.

Raul Perez from our office will forward the shape files in a follow up email.

Let me now if you need anything else.  Thanks.

Thank You,

Eric Limas
Assistant General Manager
Lower Tule River and Pixley Irrigation Districts
Tel: 559-686-4716

On Mon, Aug 15, 2016 at 2:40 PM, Nordberg, Mark@DWR <Mark.Nordberg@water.ca.gov>
 wrote:

Hello Eric,

 

DWR has reviewed the GSA formation notice for the Pixley Irrigation District. Similar to DWR’s
 requirement for the notice for the Lower Tule River Irrigation District GSA, please provide an
 email that “identifies the other agencies managing or proposing to manage groundwater within
 the basin.” I’ll attach that email to the end of the PID GSA notice, like I did for the LTRID GSA
 notice.

 

The maps seem to meet the intent of the GSA notice requirements. I assume the areas shown on
 Exhibit A-2 that are outside of your service area, in the central portion of your map, are those
 areas covered by Pixley PUD and Teviston CSD. The space shown to be outside of your service
 area in the northwest corner appears to be that area which is already claimed by the Tri-County
 Water Authority in one of their GSA notices. It wouldn’t hurt to identify these areas on a map for
 clarification to others.

 

Also, please send GIS shapefiles of your GSA area and we can get those posted on our GSA
 Interactive Map after we post your notice.

mailto:elimas@ltrid.org
mailto:Mark.Nordberg@water.ca.gov
mailto:Benjamin.Gooding@water.ca.gov
mailto:rperez@ltrid.org
mailto:Mark.Nordberg@water.ca.gov


 

If you have any questions, please feel free to contact me.

 

Thanks, Mark.

 

 

 

Mark Nordberg, P.G.

Senior Engineering Geologist

Sustainable Groundwater Management Program

California Department of Water Resources

(916) 651-9673

Mark.Nordberg@water.ca.gov

 

 

From: Eric Limas [mailto:elimas@ltrid.org] 
Sent: Friday, August 05, 2016 10:29 AM
To: Nordberg, Mark@DWR
Subject: Lower Tule River ID maps

 

Mark,

 

Attached are updated maps for the Lower Tule River ID GSA filing.  Also, other entities
 that are currently proposing to monitor groundwater in the Tule Basin are the Tri-County
 Water Authority and the Alpaugh GSA.

 

Please let me know if you need anything further.

Thank You,

tel:%28916%29%20651-9673
mailto:Mark.Nordberg@water.ca.gov
mailto:elimas@ltrid.org


 

Eric Limas

Assistant General Manager

Lower Tule River and Pixley Irrigation Districts

Tel: 559-686-4716

 

---------- Forwarded message ----------
From: <customerservice@ltrid.org>
Date: Fri, Aug 5, 2016 at 10:26 AM
Subject: Message from "RNP002673737318"
To: Eric <elimas@ltrid.org>

This E-mail was sent from "RNP002673737318" (MP C4503).

Scan Date: 08.05.2016 10:26:27 (-0700)
Queries to: customerservice@ltrid.org

 

tel:559-686-4716
mailto:customerservice@ltrid.org
mailto:elimas@ltrid.org
mailto:customerservice@ltrid.org
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Appendix  1-C: Pixley Irrigation District Landowner 

Groundwater Recharge Policy 

  



Policy 2: Groundwater Banking at the Landowner Level

Pixley Irrigation District Groundwater Sustainability
Agency

GROUNDWATER BANKING AT THE LANDOWNER LEVEL

IrriQation District Recharge

The irrigation district oversees and manages the surface water for the district, separate

and apart for the Groundwater Sustainability Agency. The irrigation district recognizes the
surface water supplied is very important to achieve groundwater sustainability and needed for
the landowners to continue operations of their farms and that landowners need to be able to

balance all of these resources to achieve sustainability under SGMA.
When Millerton Reservoir is in flood control operations and surface water

beyond what is needed to meet irrigation demands is available, the irrigation district will
maximize the use of these surface waters and divert these waters into the natural waterways,

open channel canals, and district owned recharge basins. This will occur most often during

above average water years when those waters cannot be stored and are released from local

reservoirs. The surface water diverted and recharged into groundwater into district owned facilities

is done to benefit all the landowners within the district without regard for specific credits under
SGMA. Additionally, the irrigation district will continue to optimize the distribution systems to
maximize the recharge of surface water while supplying surface water to landowners as efficiently

as possible.

Landowner Groundwater Bankinp

During these periods of flood operations, and where surplus surface waters are

deemed to be available by the District, landowners within the GSA can divert surface water
into landowner owned designated recharge facilities for future groundwater credits as follows:

1. Water the landowner purchases from the irrigation District through regular surface
water purchase procedures.

2. The District has established the following priority order of water service and related
canal capacities:

• Deliveries for irrigation demand

• District recharge/banking for the benefit of all landowners

• Landowner recharge/banking

When these periods occur, the landowner can bank this surface water that is recharged

to groundwater under the following conditions:

2-1
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Policy 2: Groundwater Banking at the Landowner Level

1. The surface water purchased must be applied directly to a specific groundwater

recharge basin that meets the minimum GSA requirements for a groundwater

recharge basin. The location of the basin must be registered with the GSA to receive

any credits.

• All surface water diverted to the landowner is required to be metered

per GSA metering requirements.

Surface water diverted will be credited to the landowner at 90% of the surface
water diverted. The remaining 10% credit will remain with the GSA for the
benefit of all the landowners.

• The groundwater credits issued to the landowners will be available and

carried over to subsequent years. The term of the credits will be perpetual.

The groundwater credits can also be transferred, sold, or leased to other

landowners based upon the GSA groundwater transfer criteria.

2. Landowners can apply surface water above irrigation demand and generate

groundwater credits as follows:

• All surface water diverted to the landowner is required to be metered
per GSA metering requirements.

• Surface water diverted will be credited to the landowner at 90% of the surface
water diverted. The remaining 10% credit will remain with the GSA for the
benefit of all the landowners.

• The groundwater credits issued to the landowners will be available and

carried over to subsequent years. The term of the credits will be perpetual.

The groundwater credits can also be transferred, sold, or leased to other

landowners based upon the GSA groundwater transfer criteria.

2-2
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Appendix  1-D: Tulare County Well Permit 

Application 



 

 

 

 

 

357 E. Olive AvenueTipton, CA 93272 . Office: (559) 686-4716 . Fax: (559) 686-0151 . Email: ltrid@ltrid.org  

 

 

WELL VERIFICATION FORM   
EXECUTIVE ORDER N-7-22   

     

 

 

 

 

 

 

 

 

 

 
   The above well permit application must comply with any and all groundwater extraction   

limitations imposed by the GSA to be consistent with sustainability goals established in the GSP.    
The purpose of the extraction limitations is to meet sustainability goals that the well is not likely   
to interfere with the production and functioning of existing nearby wells and is not likely to cause   
subsidence that would adversely impact or damage nearby critical infrastructure.  Attached   
hereto as Exhibit A is the Landowner Agreement to comply with any and all limitations imposed   
to reduce or eliminate well interference or land subsidence, in addition to other sustainability   
goals.   

 
   The GSA does not oppose the issuance of the above well permit application.   

 

The information contained herein is based on the information contained in the well permit application. The  
preceding statements are made upon information known at the time of this statement only. The GSA is   
currently amending its GSP, which may necessitate or cause changes to previously made statements. As of  
the date of this form, the State’s Department of Water Resources has found the relevant GSP to be   
deficient and the GSA is in the process of amending the GSP.   

 

Printed Name: ________________________________________________________________    
 

Title: ______________________________________________________________    
 

GSA: ___Pixley Irrigation District GSA____________________________________   
 

Signature: __________________________________________________ Date: _____________    

WELL Number:     Date Submitted:     GSA Phone or Email   

Groundwater Sustainability Agency (GSA) Name   GSA Representative Name/Title   

Site Location:     APN:     

Property Owner:     Driller Business Name:    



 

 

 

 

EXHIBIT A   
LANDOWNER AGREEMENT  

 



1 

 
If you have any questions or require assistance in filling out your form, please contact the PIXIDGSA 
Administration Staff at (559) 686-4716. When complete, please submit this Form to the PIXIDGSA in 
person or by mail to the following address: 357 East Olive Ave, Tipton, Ca. 93272 

 

 

LANDOWNER AGREEMENT 

EXHIBIT A 
TO 

WELL VERIFICATION FORM 

EXECUTIVE ORDER N-7-22 
 

Landowner Name: 

 

Mailing Address: 
 

 

PIXIDGSA Account No   

 

Landowner has submitted a well permit application with Tulare County.  The County requests that 

the GSA provide written verification that approval of the well permit application will not be 

inconsistent with the GSA’s sustainability goals.  Executive Order N-7-22 also provides the permit 

shall not be approved if the extraction of groundwater from the proposed well is  likely to interfere 

with the production and functioning of existing nearby wells, and likely to cause subsidence that 

would adversely impact or damage nearby infrastructure.   

 

The purpose of the PIXIDGSA Groundwater Sustainability Plan (“GSP), Rules and Regulations, 

and any other policies, rules or laws imposing restrictions on groundwater extractions is to avoid 

Undesirable Results as defined in the Sustainable Groundwater Management Act (“SGMA”) and 

obtain the Subbasin Sustainability Goal as defined in the GSP, which includes amongst other 

things the avoidance of neighboring well interference and the reduction or elimination of land 

subsidence.   

 

Landowner hereby agrees and acknowledges that he or she shall comply with the PIXIDGSA’s 

GSP and any amendments thereto, the PIXIDGSA Rules and Regulations including any and all 

limitations on groundwater extractions, and any other rules, regulations, policies or other laws as 

may be required.   

 



2 

 
If you have any questions or require assistance in filling out your form, please contact the PIXIDGSA 
Administration Staff at (559) 686-4716. When complete, please submit this Form to the PIXIDGSA in 
person or by mail to the following address: 357 East Olive Ave, Tipton, Ca. 93272 

Landowner hereby agrees to hold LTRIDGSA harmless and indemnify the GSA for any liability 

stemming from or related to Tulare County issuing a well permit in response to application 

Number _________.   

 

 

Provided the Landowner is in current “good standing” with the PIXIDGSA, including but not 

limited to, current on all fees, penalties or other monies owed to the PIXIDGSA, and not having 

exceeded groundwater allocations, PIXIDGSA will provide the “Verification Form” to which 

this Agreement is attached as Exhibit A, to the County of Tulare.   

 
 

Landowner Signature 

 

  Date    

 

 

PIXIDGSA Signature 

 

  Date    

General Manager 

 

 

 



WELL PERMIT APPLICATION 
Application #: WWA-___________________ Permit #: WELL____________________ 

PROPERTY OWNER INFORMATION 
Applicant Name Telephone 

Contact Name Telephone 

Mailing Address 
Street City/State Zip Code 

LICENSED CONTRACTOR DECLARATION 
Licensed under the provisions of Chapter 9 (commencing with Section 7000) of Division 3 of the Business and Professions Code, as a well drilling contractor and 
such license is in full force and effect.

Business Name 

E-Mail Address

Mailing Address

License # Office Telephone Cell 

WELL INFORMATION 
Well Location 

Address/Cross Streets City 

APN - - 
Township Range Section 

Parcel Size  Acre(s)  Project Start Date Valley Foothills/Mountains 

Groundwater Basin:  Kaweah  Kings Tulare Lake Tule 

GPS Data (Use Decimal Degrees Where Applicable) 
Latitude Longitude Elevation (ft.) 

TYPE OF WORK 
 Drilling Deepen  Destruction  Recondition 

Is this a Replacement Well? Yes No If Yes, then a Well Destruction Permit Application is Required. 

DRILLING METHOD (Construction Only) 
Cable Tool Rotary Reverse Rotary Air Rotary Other 

WELL TYPE (All Permits) 
Domestic (1 – 4 Connections) Dairy Supply Test Well 

Community (5+ Connections) Industrial Cathodic Protection 

Agricultural Soil Boring(s) Monitoring Well 

Other 
 

Revised January 2018 



WELL CONSTRUCTION 
 

Casing Material:  PVC  Steel Diameter  in. Proposed Depth  ft.   
 

Slot Size  in.  Gauge   Perforation Depths  to  ft.   
 
 

Conductor Casing  Yes  No Diameter  in. Depth  ft.  
 
 

Seal Depth  ft. (Minimum of 50 ft.  Tremie pipe required for all well seals.) 
 

Seal Material:  Neat Cement  Sand Slurry  Bentonite  Other   
 
 

WELL DESTRUCTION 
 

Casing Material:  PVC  Steel Casing Diameter  in. Well Depth  ft. 
 

Depth to Water  ft. Excavation Depth  ft.  Seal Depth  ft. 
 

Seal Material:  Neat Cement  Sand Slurry  Bentonite  Other   
 

  

WELL SETBACKS (Construction Only) 
 

Setbacks from surrounding properties must be taken into consideration when selecting a well site location.  Setback  
requirements may be increased by Tulare County if dangers of pollution, contamination or other adverse conditions are known 
to be present. 
 

If the well site is within a one mile radius of a landfill, there may be additional requirements. 
 

Measuring in feet, list distances from proposed well drilling location.  Minimum requirements in parentheses. 
 

Front Property Line (25 ft.)   Storm Drain (50 ft.)   
 

Side Property Lines (5 ft.)   Seepage Pit (150 ft.)   
 

Septic Tank & Leach Field (100 ft.)   Animal/Fowl Enclosure (100 ft.)   
 

Sewer Laterals (50 ft.)   Existing Active Well(s) (50 ft.)   
 

Surface Water (25 ft.)   Underground Storage Tank (150 ft.)   
 

Transmission Lines    
 
 

  I certify that I have read this application and declare under penalty of perjury that the information contained 
herein is true, correct and complete.  I hereby agree to comply with all State and Tulare County regulations pertaining to well 
construction, deepening and destruction.  Within 30 days of work completed, I will furnish Tulare County Environmental Health 
Services Division a completed well completion report for well drilling, deepening and destruction. 
 

CONTRACTOR APPLICANT 
  

Print Name   Print Name   
  

Signature   Signature   
  

Date   Date   
  

 
ENVIRONMENTAL HEALTH SERVICES DIVISION USE ONLY 

 

Date Received  Fee Amount  Receipt #  Invoice #   
 

Payment Type:  Cash Check #  CC Approval #  Received by:   
 
  Flood Zone  Landfill  Other   
 

  GIS Review  PALMS  CSLB Check C-57 Expiration Date:    
 



SITE MAP 
 

The space below can be used to include a map.  All maps must include: 
 

• Major cross-streets associated with the parcel • Structures on the parcel 
• Setbacks documented above • A directional arrow pointing North 

 

For new wells, that are not replacement wells, include the following on the map: 
 

• Surface water (ponds, lakes and streams) within 300 ft. • Canals, ditches, pipelines, utility corridors and roads within 2 mi. 
 (Only for wells drilled below Corcoran Clay) 
 

 

 
 



 
TO BE COMPLETED BY APPLICANT 

(For Construction of Domestic, Community, Agricultural, Dairy or Industrial Wells) 
 

 

Property Owner/Contact Person Name  Telephone   
 

1. What type of well is being drilled?  
 

  Domestic Serves 1 to 4 Service Connections/Homes. 
 

  Community Serves 5 or more Service Connections/Homes 
 

  Agricultural Exclusively used to supply water for irrigation or other agricultural purposes. 
 

  Dairy Exclusively used by a Dairy Farm for the milk production process. 
 

  Industrial Exclusively used by a Business for the processes related to producing goods or services. 
 

2. How many homes will the new well serve?   
 

3. How many employees will be served by this well?   
 

4. How many wells are currently on this parcel?  
 

 Domestic  Community  Agricultural  Dairy  Industrial   
 

5. Are there any inactive or abandoned wells on this parcel?   Yes  No 
 (An inactive well is not routinely used but capable of being made operational with minimal effort.  An abandoned well is a well  
 that has not been used for at least one (1) year, or is in such disrepair that it can no longer produce water.)  
 

6. What is/are the depth(s) of the existing well(s)?  ft. 
 

7. Are there any animal or fowl enclosures on this, or any adjacent, parcel?  Yes  No  
 

 If Yes, how far is the enclosure from the proposed well site?  ft. (May require site visit to verify.) 
 

8. What is the reason for drilling a new well?  
 

  Current well went dry. How long has the well been dry?   
 

  Current well about to go dry.  
 

  Additional well due to lack of production from existing source(s).  
 

  First well on parcel.  
 

  Other   
 

9. What is/are the plan(s) for the existing well(s) once the new well(s) is/are drilled?  
 

  Keep the existing well(s) active.  (Keep the pump(s) installed and connected to power.)  
 

  Destroy the existing well(s) using a licensed C-57 well contractor.   
 

  File an Inactivation Permit.  (Requires an annual permit fee.)  
 

  I don’t know.  (Please call Environmental Health at (559)624-7400 for more details.)  
 

10. Has the recent drought influenced your decision to drill a new well?  Yes  No  
 

 

I certify that I have read this application and declare under penalty of perjury that the information contained herein is true, 
correct and complete. 
 
 

     
 Signature  Date  
     

Revised January 2018 



 
 
 

 

 
TO BE COMPLETED BY APPLICANT OR APPLICANT’S AGENT 

(For construction of new Agricultural, Dairy or Industrial wells subject to Senate Bill 252) 
 

 

Is this a replacement well?  Yes  No If Yes, this questionnaire is not required.  However, a well destruction  
 permit application must be submitted.  The well being replaced must 
  be destroyed prior to, or concurrently with, construction of the new well. 
 
 
 

Pursuant to Section 13808 of the California Water Code, Tulare County Environmental Health is required to request the following  
information, to the extent that it can be reasonably known, from an applicant, or the applicant’s agent, as part of an application 
for a well permit. 
 
 
 

Proposed Capacity:  Acre-Feet Estimated Pumping Rate:  gpm 
 

Anticipated Pumping Schedule:   
 

   
 

Estimated Annual Extraction Volume:  Acre-Feet per Year Size of Service Area:  Acres 
 
 

Seasonal Fluctuations:   
 

Water Table Depth:  ft. Recharge Area:   Recharge Rate:  gpm  
 

Location to Flood Plain:   
 
 
 

Use the grid below to input information about existing wells on the parcel that will remain active, and attach any information of 
capacity or pumping tests completed for the existing wells. 
 
 

 Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 
Well Use       
       

Depth (ft.)       
       

Diameter (in.)       
       

Screen Intervals       
       

Pump Rate (gpm)       
 
 
 

Estimated cumulative extraction volume of new well before January 1, 2020:  Acre Feet  
 

Revised January 2018 
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Appendix  1-E: Groundwater Planning Commission 

Policy 

 

 



Pixley Irrigation District  
 
Groundwater Planning Commission Policy  
 
 
Policy Background:   The five members of the Pixley Irrigation District Board of 

Directors will serve as the Governing Board of the Pixley 
Groundwater Sustainability Agency (PIX-GSA) organized under 
the Sustainable Groundwater Management Act (SGMA).  The 
PIX-GSA Board will be responsible for final determinations and 
actions under SGMA.  

 
 To more efficiently develop policy and procedures, and to 

provide direct input and participation of the landowners 
within the GSA, the District Board has determined that, upon 
forming as a GSA, the District will concurrently form a Pixley 
Groundwater Planning Commission (PIX-GPC) to act as an 
advisory board on matters pertaining to the development and 
implementation of a Groundwater Sustainability Plan (GSP) for 
the area of jurisdiction for the PIX-GSA.  The PIX-GSA Board 
will establish the advisory and landowner input-gathering 
functions, and areas of initial decision making that are assigned 
to the PIX-GPC. The PIX-GSA Board will retain final decision-
making authority on all matters.  

    
  
Groundwater Planning Commission  
 
Authority  
 
The PIX-GPC shall be a standing advisory committee of the PIX-GSA. It shall have the 
authority to elect a chair and conduct meetings at its own determination or at the 
direction of PIX-GSA Board.  
 
All matters of the PIX-GPC, including recommendations to the PIX-GSA Board, shall 
be done on a majority vote basis.  
 
The PIX-GPC may be assigned areas of decision-making for which its decisions act as 
recommendations only, and are not treated as decisions of the GSA until the PIX-GSA 
Board takes action.  The PIX-GPC may also be assigned areas of decision-making for 
which its decisions serve as final decisions of the PIX-GSA unless appealed to the 
PIX-GSA Board.  The respective areas of decision making for the PIX-GPC will be set 
forth in the GSA formation document. 
 
 
 
 



Organization 
 
Each Board member of the Pixley Irrigation District shall appoint a member of the 
PIX-GPC from among the landowners of the Division of the Director making the 
appointment.  Landownership is defined as direct ownership through: 1) personal 
title to property; 2) Beneficial interest of a trust which holds title to property; 3) 
Designee of a corporation or other business entity which holds title to property.   
 
Other requirements for appointment to the GPC: 
 

1. Appointees are nominated by a single director, but appointment is 
subject to approval by a majority vote of the entire PIX-GSA Board 
(the District Board).   
 

2. Appointees can be removed at any time by a unanimous vote of the 
entire PIX-GSA Board. 

 
3. Appointees cannot be members of any other Water or Irrigation 

District Board, Mutual Water Company Board or Riparian Board 
within the Tule River Sub-Basin.  
 

4. Terms shall be for four years, provided that the terms shall be offset 
by two years with the terms of the Pixley Board member making the 
appointment.  Consistent with this provision, initial terms shall be as 
follows 
 
Division One: 2016 – 2018 (Assigning Board Member Term ends 2016) 
Division Two:  2016 – 2020 (Assigning Board Member Term ends 2018) 
Division Three: 2016 – 2018 (Assigning Board Member Term ends 2016) 
Division Four:  2016 – 2020 (Assigning Board Member Term ends 2018) 
Division Five:  2016 – 2018 (Assigning Board Member Term ends 2016) 
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2.1 Introduction § 354.12 

23 Cal. Code Regs. § 354. 12 Introduction to Basin Setting.  This Subarticle describes the information 

about the physical setting and characteristics of the basin and current conditions of the basin that shall 

be part of each Plan, including the identification of data gaps and levels of uncertainty, which comprise 

the basin setting that serves as the basis for defining and assessing reasonable sustainable 

management criteria and projects and management actions. Information provided pursuant to this 

Subarticle shall be prepared by or under the direction of a professional geologist or professional 

engineer.  

The GSAs in the Tule subbasin have jointly prepared a comprehensive Basin Setting, the Tule 

Subbasin Setting1, as Attachment 2 to the Tule Subbasin Coordination Agreement2 (Agreement 

and Attachments attached hereto as Appendix A). This section of the GSP describes information 

about the physical setting and characteristics of the basin and its current conditions by providing 

reference to the Tule Subbasin Setting and, when necessary, providing additional information that 

directly relates to the Agency. 

 

A description of the Tule Subbasin’s physical setting, including its location size, and jurisdictional 

areas is described in the Introduction of Chapter 2 of the Tule Subbasin Setting. 

 

The physical setting as relates to the Agency within the Tule Subbasin and its Plan Area are 

described in Section 1-4 of this Pan. 

 

2.2 Hydrogeologic Conceptual Model  

The Hydrogeologic Conceptual Model (HCM) for the Tule Subbasin is described in Chapter 2.1 

of the Tule Subbasin Setting.  

 

The regulatory requirements established by the SGMA Regulations (specifically 23 CCR §354.14) 

as they pertain to the Agency are addressed and fulfilled by the HCM described in Chapter 2.1 

of the Tule Subbasin Setting. Table 2-1 provides a cross reference linking the various 

requirements of 23 CCR §354.14 with the identified section of the Tule Subbasin Setting and the 

corresponding section of this Plan. This Plan provides a reference to the Tule Subbasin Setting, 

and when necessary, a brief summary the connects basin wide and relative to the Agency. 

  

 
1 Thomas Harder & Co., August 2019 
2 Draft agreement prepared by Coordination MOU Group as of  September 12, 2019 
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Table 2-1: Components of CCR §354.14  

23 CCR Section Title 
Tule Subbasin 

Setting 
PixID Agency 

GSP 

N/A Source of Data 2.1.1  

§ 354.14 (b)(1) & (c) Geologic Setting 2.1.2 2.2.1 

§ 354.14 (b)(2) Lateral Basin Boundaries 2.1.3  2.2.2 

§ 354.14 (b)(3) Bottom of Basin 2.1.4  2.2.3 

§ 354.14 (d)(5) Surface Water Features 2.1.5  2.2.4 

§ 354.14 (d)(6) Imported Water   2.1.5.6  2.2.4.2 

§ 354.14 (d)(4) Areas of Groundwater Recharge and Discharge 2.1.6  2.2.5 

§ 354.14 (b)(4) Principle Aquifers and Aquitards 2.1.7  2.2.6 

§ 354.14 (b)(4)(A) Aquifer Formations   2.1.7.1    2.2.6.1  

§ 354.14 (b)(4)(B) Aquifer Physical Properties   2.1.7.2    2.2.6.2  

§ 354.14 (b)(4)(C) Geologic Structures that Affect Groundwater Flow   2.1.7.3    2.2.6.3  

§ 354.14 (b)(4)(D) Aquifer Water Quality   2.1.7.4    2.2.6.4  

§ 354.14 (b)(4)(E) Aquifer Primary Uses   2.1.7.5    2.2.6.5  

§ 354.14 (b)(5) Uncertainty in the Hydrogeologic Conceptual Model 2.1.8  2.2.7 

 

2.2.1 Geologic Setting § 354.14(b)(1); § 354.14(c) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (1) The regional geologic and structural setting of the basin including the immediate surrounding area, 

as necessary for geologic consistency.  

(c) The hydrogeologic conceptual model shall be represented graphically by at least two scaled cross-

sections that display the information required by this section and are sufficient to depict major 

stratigraphic and structural features in the basin. 

the Agency is located in the mid-western portion of the Tule Subbasin within the Tulare Lake 

Hydrologic Region (Figure 2-1, Tule Subbasin Setting). A series of coalescing alluvial fans that 

extends toward the center of the subbasin with localized lacustrine deposits at the terminus of the 

fans in the central portion of the subbasin underlie the Agency (Chapter 2.1.2; Tule Subbasin 

Setting). Land surface elevations range from 375 feet above mean sea level (amsl) along the 

eastern boundary of the Agency to less than 200 ft amsl to the western edge of the Agency (see 

Figure2-4; Tule Subbasin Setting). 

 

Six cross section are used to describe the geologic features within the Tule Subbasin (see Figure 

2-4; Tule Subbasin Setting). Of the six cross sections, two occurs within Agency as follows: A’-A” 

north, D’-D” west. Formations occurring in the Agency can be shown in Plates 1, 4 & 5; as 

attachment to the Tule Subbasin Setting. 

 

2.2.2 Lateral Basin Boundary § 354.14(b)(2) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (2) Lateral basin boundaries, including major geologic features that significantly affect groundwater 

flow. 
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The lateral Basin Boundaries for the Tule Subbasin are defined in DWR Bulletin 1183 and include 

both natural and political boundaries. Chapter 2.1.3 and Figure 2-4 of the Tule Subbasin Setting, 

provide a detailed description of the lateral boundaries of the subbasin. 

 

The western portion of the Agency is defined by the political boundaries of the Tri-County Water 

authority GSA and Alpaugh GSA (see Figure 2-3; Tule Subbasin Setting). The northern portion 

is the Agency is defined by the political boundary of Lower Tule River Irrigation District and avenue 

120. The southern boundary is defined by the political boundaries of Delano Earlimart Irrigation 

District GSA, Pixley Irrigation District, and the Angiola Water District. The eastern portion of the 

Agency is generally defined by the western political boundaries of Saucelito Irrigation District, as 

part of the Eastern Tule GSA. 

 

2.2.3 Bottom of Basin § 354.14(b)(3) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (3) The definable bottom of the basin. 

The definable bottom of the Tule Subbasin is described in Chapter 2.1.4. of the Tule Subbasin 

Setting. 

 
The bottom of the basin beneath the Agency is greater than 2,000 ft below ground surface [bgs] 

east of State Highway 99 and greater than 3,000 ft bgs west of the Highway 43 and is defined by 

the interface between the Santa Margarita Formation and the relatively impermeable granitic 

bedrock (see Figures 2-6 and 2-8; Tule Subbasin Setting). The freshwater/brackish water 

interface is thought to occur at less than 800 ft bgs in the northern portion of the Agency and 

extents to a depth greater than 2,300 ft bgs in the south portion of the Agency. 

 

2.2.4 Surface Water Features § 354.14(b)(5) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (5) Surface water bodies that are significant to the management of the basin. 

The natural water ways within the Tule Subbasin consist of Tule River, Deer Creek, and White 

River. These systems form in the Sierra Nevada Mountains east of the Tule Subbasin and flow 

westerly toward the lakebed of the historic Tulare Lake. Within the Agency Deer Creek flows 

westerly across the Agency’s jurisdiction, offsetting a portion of seasonal irrigation demands 

within the Pixley Irrigation District.  

 

Surface water is distributed within the Agency using a variety of natural waterways, man-made 

ditches, unlined canals, and pipeline distribution systems. Each of the major surface water 

features of the Tule Subbasin are described in further detail in Chapter 2.1.5 of the Tule Subbasin 

Setting and those occurring within the Agency are listed below. 

 
3 California Department of Water Resources, 2016 
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2.2.4.1 Tule River 

See Tule Subbasin Setting, Chapter 2.1.5.3. 

 

2.2.4.2 Imported Water § 354.14(b)(6) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (6) The source and point of delivery for imported water supplies. 

See Tule Subbasin Setting, Chapter 2.1.5.6. for details on imported water within the Agency. 

 

2.2.5 Areas of Groundwater Recharge and Discharge § 354.14(d)(4) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (d) Physical characteristics of the 

basin shall be represented on one or more maps that depict the following: 

  (4) Delineation of existing recharge areas that substantially contribute to the replenishment of the basin, 

potential recharge areas, and discharge areas, including significant active springs, seeps, and wetlands 

within or adjacent to the basin The hydrogeologic conceptual model shall be summarized in a written 

description that includes the following: 

Groundwater recharge occurs throughout the Tule Subbasin within stream channels, unlined 

canals, in managed recharge basins, and in areas of the subbasin with irrigated agriculture. The 

Agency is a host to all these features. According to the Soil Agricultural Groundwater Banking 

Index or SAGBI4 (see Figure 2-9; Tule Subbasin Setting), areas generally suitable for recharge 

within the Agency occur along the stream channels and floodplains of the Tule River. Due to the 

depth of groundwater, there are no areas within the Tule Subbasin or the Agency where 

groundwater discharges at the land surface. 

 

See Tule Subbasin Setting Chapter 2.1.6 for additional information regarding areas of 

groundwater recharge and discharge within the Tule Subbasin. 

 

2.2.6 Principle Aquifers and Aquitards 

2.2.6.1 Aquifer Formations § 354.14(b)(4)(A) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (4) Principal aquifers and aquitards, including the following information: 

     (A) Formation names, if defined. 

Of the five-general aquifer/aquitard units described to be present in the subsurface beneath the 

Tule Subbasin, four occur within the subsurface of the Agency area (see Chapter 2.1.7.1, 

Figures 2-5 and 2-6, Tule Subbasin Setting): 

 

1. Upper Aquifer; 

 
4 California Soil Resource Lab, 2015 
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2. Confining Layer; 

3. Lower Aquifer; and 

4. Pliocene Marine Deposits (generally considered an aquitard). 

 

The extent and depth these aquifers are defined within the Agency is visually represented on 

Figure 2-5 in the Tule Subbasin Setting. The lower aquifer has a total depth of approximately 200 

ft bgs in northeastern portion of the Agency and deepens as the aquifer extends to the west. This 

aquifer is conceptualized to be semi-confined to confined within the Agency.  

 

2.2.6.2 Aquifer Physical Properties § 354.14(b)(4)(B) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (4) Principal aquifers and aquitards, including the following information: 

     (B) Physical properties of aquifers and aquitards, including the vertical and lateral extent, hydraulic 

conductivity, and storativity, which may be based on existing technical studies or other best available 

information.  

The principal water bearing aquifers of the Tule Subbasin consist of permeable sand and gravel 

layers, interbedded with low permeability silt and clay lenses. Shallower saturated sediments are 

generally unconfined to semi-confined, whereas aquifers beneath the Corcoran Clay in the 

western portion of the basin are confined. 

 

The ability of aquifer sediments to transmit and store water is described in terms of transmissivity, 

hydraulic conductivity and storativity. The quantitative values for each of these parameters (for 

both the upper aquifer and lower aquifer) and the process by which these values were developed 

or derived from are discussed in Chapter 2.1.7.2 and Figures 2-10 and 2-11 of the Tule Subbasin 

Setting. Aquifer parameters were developed and assigned using short-term pump tests, long term 

pump tests (24 hours or more at a constant rate), and values published in literature. 

 
Horizonal hydraulic conductivity for the upper aquifer within the Agency range from less than 10 

ft/day in the northern portion of the Agency to greater than 60 ft/day in the northeastern portion of 

the Agency (see Figure 2-10, Tule Subbasin Setting). The higher values in the northeastern 

portion of the Agency indicate more permeable sediments and the lower values in the northern 

portion of the Agency indicate less permeable sediments. Horizontal hydraulic conductivity values 

in the lower aquifer within the Agency range from 5 ft/day to greater than 100 ft/day (see Figure 

2-11, Tule Subbasin Setting).  

 

Specific yield values range from approximately 0.05 to 0.20 in the upper aquifer within the Agency 

(see Figure 2-12; Tule Subbasin Setting). Areas of higher specific yield occur around the east 

and northwestern of the Agency and areas of low specific yield are more common in the 

northwestern and southeastern portion of the Agency.  

 

Figure 2-13 of the Tule Subbasin Setting indicates that specific yield applies to areas of the 

subbasin that are unconfined and under the upper aquifer (generally occurring in the east side of 
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the subbasin) and storativity is the measure used for the lower aquifer under confined conditions. 

In unconfined conditions, the specific yield values of the lower aquifer range from 0.05 to 0.20 

within the Agency. Areas of higher specific yield are prevalent in the western parts of the Agency, 

north of Deer Creek. In confined conditions, storativity values for the lower aquifer underlying the 

Agency range from 1.5e-04 to 8.1e-04, generally increasing from east to west. 

 

2.2.6.3 Geologic Structures that Affect Groundwater Flow § 354.14(b)(4)(C) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (4) Principal aquifers and aquitards, including the following information: 

     (C) Structural properties of the basin that restrict groundwater flow within the principal aquifers, 

including information regarding stratigraphic changes, truncation of units, or other features 

Chapter 2.1.7.3 of the Tule Subbasin Setting provides a description of features throughout the 

entire subbasin that affect groundwater flow. There are no significant faults mapped within the 

Tule Subbasin that would affect groundwater flow; Corcoran Clay is most significant feature to 

affect vertical groundwater flow in the subbasin. There may be communication between the upper 

and lower aquifers in areas where composite wells perforate both aquifer systems; such wells 

may also facilitate recharge of the deep aquifer from the shallow aquifer. 

 

2.2.6.4 Aquifer Water Quality § 354.14(b)(4)(D) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (4) Principal aquifers and aquitards, including the following information: 

     (D) General water quality of the principal aquifers, which may be based on information derived from 

existing technical studies or regulatory programs. 

Groundwater quality varies across the Agency and with the depth in the aquifer system. The 

native groundwater quality is generally considered good, with groundwater quality issues 

stemming from both non-point source and point-source contamination. Chapter 2.1.7.4 of the 

Tule Subbasin Setting provides a description of non-point source conditions and their effect on 

groundwater conditions in the subbasin. 

 

Concentrations for electrical conductivity (EC) in the Agency are relatively low with most of the 

concentrations showing less than 32 µmohs/cm to greater than-2,001 µmohs/cm (see Figure 2-

14, Tule Subbasin Setting). Nitrate (NO3) concentrations in the Agency area range from less than 

6 mg/L to greater than 101 mg/L with higher concentrations in the northern portion of the Agency 

(see Figures 2-15, Tule Subbasin Setting). 

 

Active cleanup sites have been identified within the Tule Subbasin using the GeoTracker5 website 

(see Figure 2-16 and Table 2-1, Tule Subbasin Setting). While the majority of these sites are 

associated with leaking underground storage tanks [LUSTs], there is two National Priority List 

 
5 California State Water Resources Control Board, 2019 
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[NPL] sites within the Agency; one in the community of Pixley. Problems associated with point 

source contamination sites are highly localized. 

 

2.2.6.5 Aquifer Primary Uses § 354.14(b)(4)(E) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (4) Principal aquifers and aquitards, including the following information: 

     (E) Identification of the primary use or uses of each aquifer, such as domestic, irrigation, or municipal 

water supply. 

Chapter 2.1.7.5 of the Tule Subbasin Setting describes the predominant beneficial uses of 

groundwater in the subbasin as agricultural irrigation, with other beneficial uses including 

municipal water supply, private domestic water supply, and livestock washing and watering. 

 

Section 1.4.6 of this Plan details the primary water use sectors and water source types within 

the Agency.

 

2.2.7 Uncertainty in the Hydrogeologic Conceptual Model § 354.14(b)(5) 

23 Cal. Code Regs. § 354.14 Hydrogeologic Conceptual Model. (b) The hydrogeologic conceptual 

model shall be summarized in a written description that includes the following: 

  (5) Identification of data gaps and uncertainty within the hydrogeologic conceptual model. 

The primary sources of uncertainty in the hydrogeologic conceptual model are found in Chapter 

2.1.8, and each are applicable to the Agency. 

 

2.3 Groundwater Conditions  

The regulatory requirements outlined in 23 CCR § 354.16 for describing the current and historical 

groundwater conditions of the Tule Subbasin are addressed and fulfilled throughout Chapter 2.2 

of the Tule Subbasin Setting.  

 

Table 2-2 links the requirements of 23 CCR § 354.16 to the sections in the Tule Subbasin Setting 

and the sections of this GSP that apply to and fulfil each regulatory component. This Plan provides 

a reference to the Tule Subbasin Setting, and when necessary, a brief summary the connects 

basin wide and relative to the Agency. 
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Table 2-2: Components of 23 CCR § 354.16 

23 CCR Section Title Tule Subbasin Setting Pixley ID GSA GSP 

§ 354.16 (a) Groundwater Occurrence and Flow 2.2.1 2.3.1 

§ 354.16 (b) Groundwater Storage 2.2.2 2.3.2 

§ 354.16 (c) Seawater Intrusion 2.2.3 2.3.3 

§ 354.16 (d) Groundwater Quality Issues 2.2.4 2.3.4 

§ 354.16 (e) Subsidence 2.2.5 2.3.5 

§ 354.16 (f) Interconnected Surface Water Systems 2.2.6 2.3.6 

§ 354.16 (g) Groundwater Dependent Ecosystems 2.1.7 2.3.7 

 

2.3.1 Groundwater Occurrence and Flow § 354.16(a)(1); § 354.16(a)(2) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (a) Groundwater elevation data demonstrating 

flow directions, lateral and vertical gradients, and regional pumping patterns, including: 

  (1) Groundwater elevation contour maps depicting the groundwater table or potentiometric surface 

associated with the current seasonal high and seasonal low for each principal aquifer within the basin. 

  (2) Hydrographs depicting long-term groundwater elevations, historical highs and lows, and hydraulic 

gradients between principal aquifers. 

The groundwater elevation, flow, gradient, and regional pumping patterns in the Tule Subbasin 

are described in Chapter 2.2.1 of the Tule Subbasin Setting.  

 
Chapter 2.2.1 continues to describe groundwater flow with respect to the upper and lower 

aquifers. Groundwater levels in shallow aquifer wells show a persistent downward trend between 

approximately 1987 and 2017 (see Figure 2-20, Tule Subbasin Setting). In the deep aquifer, this 

downward trend is also present in the northwestern portion of the subbasin. However, in the 

southern part of the subbasin, groundwater levels in the deep aquifer were relatively stable 

between 1987 and 2007 but began to decline after 2007 (see Figure 2-21, Tule Subbasin Setting). 

Groundwater levels in the subbasin are generally higher in the shallow aquifer than in the deep 

aquifer, indicating a downward hydraulic gradient that may suggest possible recharge of the deep 

aquifer by the shallow aquifer in some parts of the subbasin – particularly in areas where 

composite wells perforate across both aquifers.  

 

Groundwater elevations and contours within the Tule Subbasin’s shallow aquifer as of the spring 

and fall of 2017 (the most recent year for which data was analyzed) are visualized in Figures 2-

17 and Figure 2-18 of the Tule Subbasin Setting. Groundwater elevations and contours within 

the Tule Subbasin’s deep aquifer as of the spring and fall of 2010 (the most recent year for which 

data is available) are visualized in Figures 2-19 and Figure 2-20 of the Tule Subbasin Setting. 

 

By examination of the contour maps provided in the Figures, groundwater in the Agency is shown 

to predominantly flow in an east-to-west fashion. Recharge from the Deer Creek flows northwest 

toward a groundwater pumping depression in the west-central portion of the Tule Subbasin.  
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2.3.2 Groundwater Storage § 354.16(b) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (b) A graph depicting estimates of the change 

in groundwater in storage, based on data, demonstrating the annual and cumulative change in the 

volume of groundwater in storage between seasonal high groundwater conditions, including the annual 

groundwater use and water year type.  

Groundwater storage in the Tule Subbasin is described in Chapter 2.2.2 of the Tule Subbasin 

Setting. Within the Agency, as indicated in Table 2 of Appendix D the Tule Subbasin Setting, the 

average annual change in storage between the period of 1986/87 and 2016/17 is estimated to be 

approximately -10,000 acre-feet/yr. Predominant sources of groundwater outflow within the 

Agency include municipal and agricultural pumping and subsurface outflows both out of the 

subbasin and to other Agencies within the subbasin. 

 

2.3.3 Seawater Intrusion § 354.16(c) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (c) Seawater intrusion conditions in the basin, 

including maps and cross-sections of the seawater intrusion front for each principal aquifer. 

Seawater intrusion does not occur in the Tule Subbasin for reasons described in Chapter 2.3.3 

of the Tule Subbasin Setting. 

 

2.3.4 Groundwater Quality Issues § 354.16(d) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (d) Groundwater quality issues that may affect 

the supply and beneficial uses of groundwater, including a description and map of the location of known 

groundwater contamination sites and plumes. 

Groundwater quality was previously discussed in Section 2.2.6.4 of this GSP and groundwater 

quality issues are further described in Chapter 2.2.4 of the Tule Subbasin Setting. the Agency 

experiences relatively good groundwater quality; however, per data provided by California 

GeoTracker, there are five active clean-up sites within the jurisdiction of the Agency (see Figure 

2-16 of the Tule Subbasin Setting). 

 

2.3.5 Subsidence § 354.16(e) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (e) The extent, cumulative total, and annual 

rate of land subsidence, including maps depicting total subsidence, utilizing data available from the 

Department, as specified in Section 353.2, or the best available information. 

Per Chapter 2.2.6 of the Tule Subbasin Setting, land subsidence within the Tule Subbasin is 

prevalent and well documented: 

 

Subsidence was estimated in feet using a combination of calibrated subsidence simulations at 

two measurement locations as well as extrapolations of measured data at a variety of other 

locations. The total average change in land surface elevation within the northern and western two-

thirds of the Tule Subbasin, wherein the Agency is located, was estimated to be approximately 
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0.4 ft/yr between 1987-2007. This information is visualized in Figure 2-24 of the Tule Subbasin 

Setting.  

 

Land surface subsidence between 2007-2011 observed in the western portion of the subbasin is 

based on an analysis of satellite data. For the period 1959-2017 satellite data indicates a range 

of land subsidence values from 0 to 3.0 feet. The highest land subsidence values located within 

the Agency and generally in near Highway 43 (see Figure 2-25, Tule Subbasin Setting). 

 

2.3.6 Interconnected Surface Water Systems § 354.16(f) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (f) Identification of interconnected surface 

water systems within the basin and an estimate of the quantity and timing of depletions of those systems, 

utilizing data available from the Department, as specified in Section 353.2, or the best available 

information. 

Surface water features are addressed in Section 2.2.4 of this GSP, as well as in Chapter 2.1.5 

and 2.2.7 of the Tule Subbasin Setting. As presently assessed, there is no indication of 

interconnected surface water systems within the Tule Subbasin per the definition provided in 23 

CCR § 351(o). 

 

2.3.7 Groundwater Dependent Ecosystems § 354.16(g) 

23 Cal. Code Regs. § 354.16 Groundwater Conditions. (g) Identification of groundwater dependent 

ecosystems within the basin, utilizing data available from the Department, as specified in Section 353.2, 

or the best available information. 

Groundwater Dependent Ecosystems are discussed in Chapter 2.2.8 of the Tule Subbasin 

Setting, which provides justification for ecosystems within the Tule Subbasin to be identified as 

not groundwater dependent given that the average depth to groundwater relative to the root zone 

for groundwater dependent plants is well below those plants’ roots systems. 

Figure 1-5 in Section 1.4.4 of this Plan displays potentially groundwater dependent ecosystems 

utilizing the DWR Natural Communities (NC) Dataset Viewer Map Application6. 

2.4 Water Budget § 354.18(a) 

23 Cal. Code Regs. § 354.18 Water Budget. (a) Each Plan shall include a water budget for the basin 

that provides an accounting and assessment of the total annual volume of groundwater and surface 

water entering and leaving the basin, including historical, current and projected water budget conditions, 

and the change in the volume of water stored. Water budget information shall be reported in tabular and 

graphical form. 

The regulatory requirements outlined in CCR § 354.18 for describing the total annual volume of 

groundwater and surface water entering and leaving the Tule Subbasin, including historical, 

current and projected water budget conditions, and the change in the volume of water stored are 

addressed and fulfilled in Chapter 2.3 of the Tule Subbasin Setting 

  

 
6 California Department of Water Resources, 2019 
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Table 2-3 links the requirements of 23 CCR § 354.18 to the sections in the Tule Subbasin Setting 

and the sections of this GSP that apply to and fulfil each regulatory component. This Plan provides 

a reference to the Tule Subbasin Setting, and when necessary, a brief summary the connects 

basin wide and relative to the Agency. 

 

Table 2-3:Components of 23 CCR § 354.18  

23 CCR Section Title Tule Subbasin Setting Pixley ID GSA GSP 

§ 354.18 (b)(1) Surface Water Budget 2.3.1 2.4.1 

§ 354.18 (b)(2) Sources of Groundwater Recharge   2.3.2.1   2.4.2.1  

§ 354.18 (b)(3) Sources of Groundwater Discharge   2.3.2.2   2.4.2.2 

§ 354.18 (d)(4) Change in Groundwater Storage   2.3.2.3   2.4.2.3 

§ 354.18 (d)(5) Overdraft   2.3.2.4   2.4.2.4  

§ 354.18 (d)(6) Water Year Type   2.3.2.5   2.4.2.5 

§ 354.18 (b)(7) Sustainable Yield   2.3.2.6   2.4.2.6 

§ 354.18 (c)(1) Current Water Budget 2.3.3 2.4.3  

§ 354.18 (c)(2) Historical Water Budget 2.3.4  2.4.4  

§ 354.18 (c)(3) Projected Water Budget 2.3.5  2.4.5 

A separate historical water budget was prepared for the Agency and is located in Tables 1a, 1b, 

and 2 in Appendix D of the Tule Subbasin Setting.  

 

2.4.1 Surface Water Budget § 354.18(b)(1) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (1) Total surface water entering and leaving a basin by water source type. 

Chapter 2.3.1 of the Tule Subbasin Setting provides an overview of the Tule Subbasin’s surface 

water budget and its components through a representation of actual conditions is based on a 

complete and accurate accounting of surface water inflow and outflow.  

 

Several sources of surface water outflow are also sources of groundwater inflow. Of those surface 

water outflows that provide groundwater recharge, many sources are associated with diversions 

undertaken in accordance with existing water rights and/or purchased import water. These types 

of diversions are excluded from the estimate of sustainable yield (that portion of the groundwater 

yield that is available to and shared by the subbasin in general), and instead are accounted for 

as groundwater assets available only to those areas responsible for the diversions. 

 

The Agency’s historical surface water budget is a sub-budget of the total Tule Subbasin surface 

water budget.  Evaluated over the same 1986/87 to 2016/17 period, sources of surface water 

inflow within the Agency include precipitation; stream flow of the Deer Creek, Pixley Irrigation 

District imported water; and discharges from agricultural and municipal wells. Sources of surface 

water outflow include groundwater recharge resulting from areal precipitation, streambed 

infiltration, recharge in basins, deep percolation of applied water, evapotranspiration, and outflows 

of native surface water to the west of the Agency. 
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Over the period of 1986/87 to 2016/17 the average annual surface water inflow in the Agency was 

estimated to be approximately 217,000 acre-feet/yr (Table 1a of Appendix D, Tule Subbasin 

Setting) with annual average surface water outflow of approximately 216,000 acre-feet/yr (Table 

1b of Appendix D, Tule Subbasin Setting), leaving net positive of 1,000 acre feet/yr.  

 

2.4.1.1 Surface Water Inflow 

2.4.1.1.1 Precipitation  

Chapter 2.3.1.1.1 of the Tule Subbasin Setting describes the methodology used to determine 

annual average precipitation throughout the Tule Subbasin. Annual precipitation was derived from 

annual precipitation values recorded at Porterville Station (see Figure 2-28, Tule Subbasin 

Setting) and applying them against the long-term average annual isohyetal map for the region 

(see Figure 2-27, Tule Subbasin Setting), with total estimated precipitation varying within each 

isohyetal zone based on historical records. 

 

The total annual precipitation within the Agency between the water years 1986/87 and 2016/17 

estimated to be 38,000 acre-feet/yr (see Table 1a of Appendix D, Tule Subbasin Setting). 

 

2.4.1.1.2 Stream Inflow 

As previously mentioned in Section 2.2.4 of this Plan, the Tule River is the only natural water way 

that flows through the Agency in an east-to-west manner.  

 

As described in Chapter 2.3.1.1.2 of the Tule Subbasin Setting, several different sources were 

used to estimated surface water inflows from native streams within the subbasin. Records from 

TRA served as the source for Tule River inflow.  

 

For the period of 1986/87- 2016/17, stream inflow into the Agency on an average annual basis 

was estimated to be approximately 5,500 acre-feet/yr inflow (see Table 1a of Appendix D, Tule 

Subbasin Setting). 

 

2.4.1.1.3 Imported Water  

Imported surface water is delivered within the Agency from the Friant-Kern Canal (see Table 1a 

of Appendix D, Tule Subbasin Setting). Additional information related to imported water in the 

Tule Subbasin is found in Chapter 2.3.1.1.3 of the Tule Subbasin Setting. 

 

For the period of 1986/87- 2016/17, imported water inflow into the Agency on an average annual 

basis was estimated to be approximately 25,600 acre-feet/yr (see Table 1a of Appendix D, Tule 

Subbasin Setting). 

 



Pixley Irrigation District GSA  GSP | Section 2 

2-13 Add_07.01.2022 

2.4.1.1.4 Discharge to Crops from Wells 

For the Tule Subbasin water budget and as descripted in Chapter 2.3.1.1.4 of the Tule Subbasin 

Setting, the water applied to crops was assumed to be the total applied water minus surface water 

deliveries from imported water and diverted streamflow (see Figure 2-30; Tule Subbasin Setting). 

Total crop demand was assumed based on estimates and an assumed average irrigation 

efficiency of 0.79. However, it should be noted that this irrigation efficiency is different by crop 

type and year, and that the Tule Subbasin average is a volume-adjusted mean of these various 

irrigation efficiencies over time. 

 

The estimated average annual discharge to crops from wells for water years 1986/87 to 2016/17 

in the Agency was estimated to be approximately 146,000 acre-ft/yr (see Table 1a of Appendix 

D, Tule Subbasin Setting). 

 

2.4.1.1.5 Municipal Deliveries from Wells 

As described in Chapter 2.3.1.1.5 of the Tule Subbasin Setting, groundwater pumping for 

municipal supply is conducted by small municipalities of Teviston Community Service District 

(CSD) and Pixley Public Utility District (PUD) in the Agency. Some households in the more rural 

portions of the Tule Subbasin rely on private wells to meet their domestic needs; however, the 

volume pumped is considered to be negligible.  

 

For the period of 1986/87- 2016/17, municipal pumping within the Agency on an average annual 

basis was estimated to be approximately 800 acre-feet/yr (see Table 1a of Appendix D, Tule 

Subbasin Setting). 

 

2.4.1.2 Surface Water Outflow 

2.4.1.2.1 Areal Recharge from Precipitation 

Areal recharged for the Tule Subbasin is based on the Williamson Method, as described in 

Williamson et al., (1989)7, that estimates net infiltration from annual precipitation falling the valley 

floor based on monthly soil moisture budgets based on records from the period of 1922-1971. For 

each year in the Tule Subbasin Water Budget, annual groundwater recharge was estimated for 

each isohyetal zone. It should be noted that the Williamson Method results in no groundwater 

recharge if annual precipitation is less than 9.69 inches per year. Further description of this 

method and areal recharge in the Tule Subbasin can be found in Chapter 2.3.1.2.1 of the Tule 

Subbasin Setting. 

 

For the period of 1986/87- 2016/17, areal recharge within the Agency ranged from 0 to 23,000 

acre-feet/yr, with an average annual volume estimated to be approximately 1,000 acre-feet/yr 

(see Table 1b of Appendix D, Tule Subbasin Setting). 

 

 
7 Williamson, 1989  
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2.4.1.2.2 Streambed Infiltration (Channel Loss) 

Descriptions of streambed infiltration, or channel loss, occurring in the Tule River, Deer Creek 

and White River and the methodology by which they were estimated are provided in Chapter 

2.3.1.2.2 of the Tule Subbasin Setting. Streambed infiltration within the Tule Subbasin is 

accounted between various reaches of each natural waterway, generally subdivided by 

monitoring or diversion points. Streambed infiltration within the Agency is described in Table 1b 

of Appendix D of the Tule Subbasin Setting. 

 

2.4.1.2.2.1 Deer Creek 

Streambed infiltration of the Tule River occurs between Success Reservoir to Oettle Bridge in the 

Agency. For the water years 1986/87 to 2016/17, annual streambed infiltration volumes of the 

Deer Creek within the Agency ranged from 0 acre-ft/yr to 12,700 acre-ft/yr, with the average 

annual volume estimated to be approximately 700 acre-ft/yr (see Table 1b of Appendix D of the 

Tule Subbasin Setting). 

 

2.4.1.2.3 Canal Loss 

As described in Chapter 2.3.1.2.3 of the Tule Subbasin Setting, all canal losses from diversions 

of native Deer Creek and imported water deliveries occur within the Agency. For the water years 

1986/87 to 2016/17, canal loss from the Deer Creek average annual volumes were estimated to 

be approximately 2,600 acre-ft/yr (see Table 1b of Appendix D of the Tule Subbasin Setting). 

 

2.4.1.2.4 Managed Recharge in Basins 

Recharged water is typically sourced from the Deer Creek or transfers from outside districts.  

 

Section 1.4.6.3 of this Plan provides additional discussion regarding the recharge efforts of the 

Lower Tule River Irrigation District within the Agency. Figure 1-8 of this plan and Figure 2-7 of 

the Tule Subbasin Setting shows the location of recharge basin with the Agency and the entire 

Tule Subbasin, respectively.
 

For the period of 1986/87- 2016/17, managed recharge in basins within the Agency on an average 

annual basis was estimated to be approximately 800 acre-feet/yr and 2,200 acre-feet/yr from Deer 

Creek and imported water, respectively (see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.5 Deep Percolation of Applied Water  

Chapter 2.3.1.2.5 of the Tule Subbasin Setting describes the deep percolation of applied water 

from native waterways, imported water, recycled water and native groundwater for the subbasin, 

including efficiencies that were used to determine the volume of water contributing to deep 

percolation compared to volume applied. 

 

Table 1b of Appendix D of the Tule Subbasin Setting identifies sources of deep percolation of 

applied water within the Agency, which include native Deer Creek water, imported water, 
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agricultural groundwater pumping and municipal groundwater pumping. Each of these sources 

and the volume of water attributed to deep precoalition are described below. 

 

2.4.1.2.5.1 Deep Percolation of Applied Deer Creek Diversion 

For the period of 1986/87- 2016/17, deep percolation of applied Deer Creek water within the 

Agency on an average annual basis was estimated to be approximately 300 acre-feet/yr (see 

Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.5.2 Deep Percolation of Applied Imported Water 

The estimate of deep percolation resulting from imported water applied to crops is based on total 

volume of imported water delivered to water agencies minus losses and recharge in the Agency. 

Deep percolation of applied imported water is assumed to be approximately 21 percent of the 

total applied water.  

 

For the period of 1986/87- 2016/17, deep percolation of applied imported water within the Agency 

on an average annual basis was estimated to be approximately 3,600 acre-feet/yr (see Table 1b 

of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.5.3 Deep Percolation of Applied Native Groundwater for Agricultural Irrigation  

The balance of agricultural irrigation demand not met by imported water or stream diversions is 

assumed to be met by groundwater pumping. Return flow of applied water from groundwater 

pumping is assumed to be 21 percent of the applied water.  

 

For the period of 1986/87- 2016/17, deep percolation of applied imported water within the Agency 

on an average annual basis was estimated to be approximately 35,100 acre-feet/yr (see Table 

1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.5.4 Deep Percolation of Applied Native Groundwater of Municipal Irrigation 

Deep percolation of applied native groundwater for municipal irrigation is described in Chapter 

2.3.1.2.5. For the period of 1986/87- 2016/17, deep percolation of applied native groundwater for 

municipal irrigation within the Agency on an average annual basis was estimated to be 

approximately 600 acre-feet/yr (see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.6 Evapotranspiration  

Evapotranspiration (ET) occurs in multiple forms and utilizing a variety of water sources within the 

Tule Subbasin, and its various occurrences within the Tule Subbasin are described by source in 

Chapter 2.3.1.2.6 of the Tule Subbasin Setting. 

 

Table 1b of Appendix D of the Tule Subbasin Setting identifies sources of evapotranspiration 

within the Agency as precipitation from crops and native vegetation, surface water in native 

channels, recharged water in basins, agricultural consumptive use, and municipal consumptive 
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use. Each of these sources and the volume of water attributed to evapotranspiration are described 

below. 

 

2.4.1.2.6.1 Evapotranspiration of Precipitation from Crops and Native Vegetation 

Chapter 2.3.1.2.6 of the Tule Subbasin Setting describes ET of precipitation from crops and 

native vegetation. For the period of 1986/87- 2016/17, evapotranspiration of precipitation within 

the Agency on an average annual basis was estimated to be approximately 37,000 acre-feet/yr 

(see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.6.2 Agriculture Consumptive Use 

Agricultural consumptive use and its method of estimation within the Tule Subbasin is described 

in Chapter 2.3.1.2.6 of the Tule Subbasin Setting. 

 
Types of and areas of crops grown in the Agency were estimated from land use maps and 

associated data published by the DWR for 1993, 1999, 2007, and 2014. These maps are 

visualized in Figure 2-31 of the Tule Subbasin Setting. Consumptive use estimates were based 

on crop coefficients published in ITRC (2003) multiplied by the area of the crop multiplied by a 

return flow factor reflecting irrigation efficiency 

 

For the period of 1986/87-2016/17, the estimated agricultural consumptive use of surface water 

within the Agency on an average annual basis was estimated to be approximately 1,100 acre-

feet/yr, 11,500 acre-feet/yr, and 111,000 from Deer Creek, imported surface waters, and 

discharge from wells, respectively (see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.6.3 Municipal Consumptive Use  

Municipal consumptive use is described in Chapter 2.3.1.2.6 of the Tule Subbasin Setting. For 

the period of 1986/87-2016/17, the estimated municipal consumptive use from landscape 

irrigation within the Agency on an average annual basis was estimated to be approximately 300 

acre-feet/yr (see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.1.2.7 Surface Water Outflow 

For the period of 1986/87-2016/17, there is no estimated surface water outflow of native Deer 

Creek water from the Agency (see Table 1b of Appendix D, Tule Subbasin Setting). 

 

2.4.2 Groundwater Budget § 354.18(b)(2) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (2) Inflow to the groundwater system by water source type, including subsurface groundwater inflow 

and infiltration of precipitation, applied water, and surface water systems, such as lakes, streams, rivers, 

canals, springs and conveyance systems. 
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The fundamental premise of the Tule Subbasin Groundwater Budget is as follows:  

 

Inflow – Outflow = +/- ΔS 

 

In this equation, “ΔS” serves as “change in groundwater storage.”  The groundwater budget of 

the Tule Subbasin, as well as its component terms and methodology of development, are 

described in Chapter 2.3.2 of the Tule Subbasin Setting. The accounting of the Agency’s 

groundwater budget can be found in Table 2 of Appendix D of the Tule Subbasin Setting. 

 

2.4.2.1 Sources of Groundwater Recharge 

Sources of groundwater recharge are described Chapter 2.3.2.1 of the Tule Subbasin Setting. 

Those sources of groundwater recharge that are present and occur within the Agency are 

identified and discussed below. 

 

2.4.2.1.1 Areal Recharge 

Chapter 2.3.2.1.1 of the Tule Subbasin Setting describes areal recharge.  

 

See Section 2.4.1.2.1 of this Plan for additional discussion on areal recharge. 

 

For the period of 1986/87- 2016/17, areal recharge within the Agency ranged from 0 to 23,000 

acre-feet per year, with an average annual volume estimated to be approximately 1,000 acre-

feet/yr (see Table 2 of Appendix D, Tule Subbasin Setting). 

 

2.4.2.1.2 Groundwater Recharge from the Tule River 

Chapter 2.3.2.1.2 of the Tule Subbasin Setting describes groundwater recharge from the Tule 

River.  

 

See Sections 2.4.1.2.2.1, 2.4.1.2.4, and 2.4.1.2.5 of this Plan for additional discussion on 

sources of groundwater recharge from streambed infiltration, managed recharge in basins, and 

deep percolation of applied Tule River water within the Agency.
 

For the period of 1986/87- 2016/17, groundwater recharge from the Deer Creek within the Agency 

on an average annual basis was estimated to be approximately 700 acre-feet/yr from streambed 

infiltration, 2,600 acre-feet/yr from canal loss, 800 from recharge in basins, and 300 acre-feet/yr 

from return flow of applied water (see Table 2 of Appendix D, Tule Subbasin Setting). 

 

2.4.2.1.3 Groundwater Recharge from Imported Water Deliveries  

Chapter 2.3.2.1.5 of the Tule Subbasin Setting describes groundwater recharge from imported 

water deliveries. 
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See Sections 2.4.1.2.3, 2.4.1.2.4 and 2.4.1.2.5.2 of this Plan for additional discussion on sources 

of groundwater recharge from canal loss, managed recharge in basins, and deep percolation of 

applied imported water within the Agency. 

 

For the period of 1986/87- 2016/17, groundwater recharge from imported water within the Agency 

on an average annual basis was estimated to be approximately 8,500  acre-feet/yr from canal 

loss, 2,200 acre-feet/yr from managed recharge, and 3,600 acre-feet/yr of return flow resulting 

from deep percolation of applied imported water within the Agency (see Table 2 of Appendix D, 

Tule Subbasin Setting). 

 

2.4.2.1.4 Deep Percolation of Applied Water from Groundwater Pumping 

Chapter 2.3.2.1.7 of the Tule Subbasin Setting describes groundwater recharge from deep 

percolation of applied water from groundwater pumping. 

 

See Sections 2.4.1.2.5.3 and 2.4.1.2.5.4 of this Plan for additional discussion on deep percolation 

of applied water from  agricultural and municipal groundwater pumping within the Agency. 

 

For the period of 1986/87- 2016/17, deep percolation of applied water from groundwater pumping 

within the Agency on an average annual basis was estimated to be approximately 35,100 acre-

feet/yr from groundwater applied from agriculture pumping and 600 acre-feet/yr from return flow 

of groundwater applied for municipal pumping (see Table 2 of Appendix D, Tule Subbasin 

Setting). 

 

2.4.2.1.5 Release of Water from Compression of Aquitards  

Chapter 2.3.2.1.8 of the Tule Subbasin Setting describes release of water from compression of 

aquitards. 

 

For the period of 1986/87- 2016/17, groundwater inflow from compression of aquitards within the 

Agency on an average annual basis was estimated to be approximately 18,000 acre-feet/yr (see 

Table 2 of Appendix D, Tule Subbasin Setting). 

 

2.4.2.1.6 Subsurface Inflow 

Chapter 2.3.2.1.9 of the Tule Subbasin Setting describes release of water from compression of 

aquitards. 

 

Subsurface inflow into the Agency occurs from both as inter- and intra-subbasin sources.  

 

For the period of 1986/87- 2016/17, groundwater inflow from subsurface inflow into the Agency 

on an average annual basis was estimated to be 0 acre-feet/yr from outside the Tule Subbasin 

and 136,000 acre-feet/yr from other GSAs within the Tule Subbasin, respectively (see Table 2 of 

Appendix D, Tule Subbasin Setting). 
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2.4.2.2 Sources of Groundwater Discharge § 354.18(b)(3) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (3) Outflows from the groundwater system by water use sector, including evapotranspiration, 

groundwater extraction, groundwater discharge to surface water sources, and subsurface groundwater 

outflow. 

Chapter 2.3.2.2 of the Tule Subbasin Setting discusses sources of groundwater discharge or 

outflow within the Tule Subbasin. Those sources of groundwater recharge or outflow that are 

present and occur within the Agency are identified and discussed below. 

 

2.4.2.2.1 Municipal Groundwater Pumping 

Chapter 2.3.2.2.1 of the Tule Subbasin Setting describes groundwater discharge from municipal 

pumping. 

 

It should be noted that some households in the more rural portions of the Tule Subbasin rely on 

private wells to meet their domestic needs; however, the volume pumped is considered to be 

negligible. 

 

For the period of 1986/87- 2016/17, municipal groundwater pumping within the Agency on an 

average annual basis was estimated to be approximately 800 acre-feet/yr (see Table 2 of 

Appendix D, Tule Subbasin Setting). 

 

2.4.2.2.2 Agricultural Groundwater Pumping 

Chapter 2.3.2.2.2 of the Tule Subbasin Setting describes groundwater discharge from 

groundwater pumping. 

 

For the period of 1986/87- 2016/17, agricultural groundwater pumping within the Agency on an 

average annual basis was estimated to be approximately 146,000 acre-feet/yr (see Table 2 of 

Appendix D, Tule Subbasin Setting). 

 

2.4.2.2.3 Subsurface Outflow 

Subsurface outflow from the Agency flows out of the Agency’s boundaries into adjacent Agency’s 

within the Tule Subbasin and into subbasins adjacent to Tule Subbasin and is discussed in 

Chapter 2.3.2.2.4 of the Tule Subbasin Setting. 

 

For the period of 1986/87 - 2016/17, subsurface outflow from the Agency on an average annual 

basis was estimated to be 0 acre-feet/yr to outside subbasins and 72,000 acre-feet/yr to other 

GSAs within the Tule Subbasin (see Table 2 of Appendix D, Tule Subbasin Setting). 
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2.4.2.3 Change in Groundwater Storage § 354.18(b)(4) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (4) The change in the annual volume of groundwater in storage between seasonal high conditions 

The change in groundwater storage within the Tule Subbasin was estimated by comparing the 

groundwater inflow elements with the groundwater outflow elements of the groundwater budget.  

 

For the period of 1986/87 – 2016/17, the cumulative change in groundwater storage across the 

Tule Subbasin was estimated to be approximately (-4,948,000) acre-feet; on an average annual 

basis, equating to approximately (-160,000) acre-feet/yr (see Chapter 2.3.2.4 and Table 2-3, Tule 

Subbasin Setting). 

 

Within the Agency, the cumulative and average-annual change in storage can be estimated by 

utilizing the fundamental premise of the groundwater budget (Inflow – Outflow = +/- ΔS) to 

compare the sources of groundwater recharge and groundwater discharge occurring and present, 

as described in Sections 2.4.2.1 and 2.4.2.2. 

 

For the period of 1986/87 – 2016/17, the average annual change in groundwater storage within 

the Agency was estimated to be approximately (-306,000) acre-feet; this calculates to 

approximately (-10,000) acre-feet/yr (see Table 2 of Appendix D, Tule Subbasin Setting). 

 

2.4.2.4 Overdraft § 354.18(b)(5) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (5) If overdraft conditions occur, as defined in Bulletin 118, the water budget shall include a 

quantification of overdraft over a period of years during which water year and water supply conditions 

approximate average conditions.  

Average hydrologic conditions in the Tule Subbasin are represented by the twenty-year period 

from 1990/91 – 2009/10 (see Chapter 2.3.2.5, Tule Subbasin Setting). Overdraft for the subbasin 

during this historically average representative period, which was estimated to be approximately -

115,300 acre-feet/yr.  

 

There are several ways to present overdraft within the Agency, one methodology is defining 

overdraft by change in groundwater storage based on the same average hydrologic period 

previously described for the entire Subbasin, and includes subsurface inflow and out flow of 

groundwater between the Agency and GSAs within the Subbasin which misrepresents overdraft, 

as well as adjacent subbasins (see Section 2.3.1 Groundwater Occurrence and Flow and 

estimates overdraft to be approximately 115,300 acre feet/yr and  70,000 acre-feet/yr for the Tule 

Subbasin and the Agency, respectively (see Table 2-3 and Table 2 of Appendix D, respectively, 

Tule Subbasin Setting). Method one is not representative because it includes subsurface flows 
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resulting from groundwater gradients caused by localized over pumping of groundwater. This 

overdraft value also includes water budget components that are part of the Subbasins-wide 

Sustainable Yield calculation. 

 

The second, and more representative method for calculating overdraft in the Agency, is based a 

budget of groundwater inflows and outflow occurring within the Plan Area and the Agency’s share 

of the Subbasin historical sustainable yield, and excludes subsurface flow caused by reasons 

previously described. 

 

Using the second methodology, the Agency’s overdraft based on average hydrologic conditions 

from 1990/91 – 2009/2020, is approximately 70,000 acre-feet per year.  

 

2.4.2.5 Water Year Type § 354.18(b)(6) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (6) The water year type associated with the annual supply, demand, and change in groundwater stored. 

Chapter 2.3.2.6 of the Tule Subbasin Setting states the following for water year type: 

 

“All water year elements presented herein are based on a water year, which begin October 1 and 

ends September 30. Water year types with respect to hydrologic conditions (i.e. above average, 

average, or below average precipitation conditions based on Figure 2-28) are shown in the 

historical water budget tables (Table 2-2a, 2-2b, and 2-3).” 

 

2.4.2.6 Sustainable Yield § 354.18(b)(7) 

23 Cal. Code Regs. § 354.18 Water Budget. (b) Identification of interconnected surface water systems 

within the basin and an estimate of the quantity and timing of depletions of those systems, utilizing data 

available from the Department, as specified in Section 353.2, or the best available information. 

  (7) An estimate of sustainable yield for the basin. 

Chapter 2.3.2.7 of the Tule Subbasin Setting estimates the Sustainable Yield for the Tule 

Subbasin to be approximately 257,725 acre-ft/yr (see Table 2-4, Tule Subbasin Setting). This is 

based on the hydrologic period of 1986/87 – 2016/17.  

 

The term “Sustainable Yield” for the purposes of SGMA and GSPs developed under SGMA is 

defined by Water Code §107219(w) as: “the maximum quantity of water, calculated over a base 

period representative of long-term conditions in the basin and including any temporary surplus, 

that can be withdrawn annually from a groundwater supply without causing an undesirable result.”   

Within the Tule Subbasin, the Sustainable Yield includes the natural channel losses in the natural 

streams, precipitation, subsurface inflow and subsurface outflow, mountain front subsurface 

inflow, and return flow of applied water not associated with a Water Right. The components not 

included in the estimate of the Tule Subbasin’s Sustainable Yield is described below from the 

Tule Subbasin Setting: 
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“It is noted that sources of groundwater recharge in the subbasin that are associated with pre-

existing water rights and/or imported water deliveries are not included in the Sustainable Yield 

estimate. These recharge sources include: 

 

Diverted Tule River water canal losses, recharge in basins, and deep percolation of applied water, 

Diverted Deer Creek water canal losses, recharge in basins, and deep percolation of applied 

water, Imported water canal losses, recharge in basins, and deep percolation of applied water, 

and Recycled water deep percolation of applied water and recharge in basins.” (Tule Subbasin 

Setting) 

 

The sources of groundwater recharge that are not included in subbasin Sustainable Yield 

calculations are intended to be accounted for by each Agency, as either additional groundwater 

that is capable of being withdrawn without causing undesirable results or in the case of 

groundwater exports, deduction of groundwater from Agency Sustainable Yield volume.  

Therefore, for purposes of calculations under this GSP, the Agency Sustainable Yield consists of 

both the Subbasin portion of Sustainable Yield, determined through the Tule Basin Setting 

document and its process, plus the documented additions to groundwater associated with the 

Agency’s water deliveries and or deduction of any groundwater exports from the Agency.     

 

Additional information as to the calculation of the Tule Subbasin Sustainable Yield, as well as 

each Agency’s claimable additions to Sustainable Yield, is included in the Tule Subbasin Setting.    

The calculation of applicable sustainable yield for the Tule Subbasin will continue to be reviewed 

and revised, and is subject to change as additional data collection, allocation methodologies and 

studies of the subbasin will continue to occur. 

 

As noted above, the GSAs in the Tule Subbasin have agreed that the basin-wide portion of the 

Sustainable Yield for the subbasin (i.e., excluding those portions that are individually allocable) 

should be divided first amongst the GSAs for purposes of development of their GSPs, and then 

amongst the various groundwater users within the GSAs according to the policies established 

within each individual GSP.  It was further agreed that, at the Agency level, the basin wide portion 

of the Sustainable Yield would be divided amongst each Agency by multiplying that Agency’s 

proportionate areal coverage of the Tule Subbasin times the total subbasin portion of Sustainable 

Yield. This approach, referred to as a “gross acreage” method of dividing the available 

Sustainable Yield, does not consider differences in historical uses, either on an areawide basis 

or by individual landowners or groundwater users.  Through the public outreach process, it has 

been asserted that a more detailed and landowner-specific process, which includes assessment 

of individualized historic use data, needs to be completed in order to allocate available 

Sustainable Yield in a manner that is consistent with groundwater rights, and legal concepts 

related to allocation of groundwater resources in an adjudication.  In addition, it has been asserted 

that lands that have never produced groundwater, or have not recently produced groundwater, 

should be excluded from any allocation process, at least initially.  Those arguing for an allocation 

methodology that would account for these items have argued that it should be applied at both the 
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Agency-level division of basin wide Sustainable Yield, as well as within the Agency for the total 

Agency-available Sustainable Yield.   

 

This GSP does not make a determination of the validity of these assertions.  Instead, this GSP 

has been developed with the understanding that the determinations of the Sustainable Yield that 

is available to the Agency and by extension the landowners with the Agency jurisdiction, are not 

intended to constitute a determination of water rights.  This understanding is consistent with § 

10720.5(b) of SGMA, which provides that nothing in SGMA or in a plan adopted under SGMA 

determines or alters surface or groundwater rights under common law.  Any determination to 

divide the Sustainable Yield in any particular manner should not be deemed to conclusively 

determine the water rights of landowners. 

 

However, this GSP recognizes that any decision to allocate Sustainable Yield, either on the 

Agency level or on an individual landowner level, involves a determination of use of a resource 

that is the subject of individualized legal rights.  It is the intent of this GSP that the manner in 

which Sustainable Yield has been allocated amongst GSAs and within this GSP be consistent 

with broad legal concepts of correlative rights use of a scarce resource (i.e, according to relative 

ability to put the resource to a beneficial use), and therefore with broad legal concepts of 

groundwater rights of the overlying property owners.  The gross acreage basis of dividing 

available basin wide and Agency specific Sustainable Yield quantities represents the most readily-

available and implementable manner of honoring correlative rights, because it is based on the 

well-documented assumption that beneficial uses of the lands of the Tule Subbasin are, for the 

most part, uniformly agricultural in nature, and uniform in intensity of agricultural use. 

Furthermore, any individualized assessment that is based on historic use, even if it would be 

legally desirable or required in a legal process such as an adjudication, is not capable of being 

used due to the current state of data keeping for the thousands of individual landowners that exist 

within the entire Tule Subbasin.  A decision to use historic use as at least one factor, therefore, 

would delay indefinitely the adoption any meaningful management plan. 

 

For these reasons, the gross acreage approach will be used for the purpose of this Agency.  At 

the same time, with the collection of additional data, refinements to the allocation methodologies 

will be considered in updates to this plan, to and including the potential use of historic pumping 

data if such data is both available and is agreed to be used as the basis for any further refinement 

of allocation methodologies. 

 

It should be noted that the GSAs have agreed, and this GSP assumes, that the exclusion 

of water imported by an entity from the calculation of Sustainable Yield of the Subbasin applies 

to imported water that is used for groundwater recharge or water banking purposes.  The 

recharged or banked imported water retains its characterization as imported water even after it is 

used for recharge or banking purposes, and therefore is accounted for as being for the benefit of 

the importing entity, and not an addition to Sustainable Yield. 
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2.4.3 Current Water Budget § 354.18(c)(1) 

23 Cal. Code Regs. § 354.18 Water Budget. (c) Each Plan shall quantify the current, historical, and 

projected water budget for the basin as follows: 

  (1) Current water budget information shall quantify current inflows and outflows for the basin using the 

most recent hydrology, water supply, water demand, and land use information. 

The surface and groundwater budgets for the Tule Subbasin for the 2016/2017 water year are 

described in Chapter 2.3.3 and their full accounting can be found in Tables 2-2a, 2-2b and 2-3 

of the Tule Subbasin Setting. For 2016/2017, total groundwater inflows were approximately 

855,000 acre-feet and total groundwater outflows were approximately 550,000 acre-feet. 

 

For the Agency, the surface and groundwater budgets for the 2016/2017 water year are shown 

in Tables 1a, 1b, and-2 in Appendix D of the Tule Subbasin Setting. For 2016/2017, total 

groundwater inflows were approximately 209,000 acre-feet and total groundwater outflows were 

approximately 10,000 acre-feet. 

 

2.4.4 Historical Water Budget § 354.18(c)(2)(A); § 354.18(c)(2)(A); § 354.18(c)(2)(C) 

23 Cal. Code Regs. § 354.18 Water Budget. (c) Each Plan shall quantify the current, historical, and 

projected water budget for the basin as follows: 

  (2) Historical water budget information shall be used to evaluate availability or reliability of past surface 

water supply deliveries and aquifer response to water supply and demand trends relative to water year 

type. The historical water budget shall include the following: 

     (A) A quantitative evaluation of the availability or reliability of historical surface water supply deliveries 

as a function of the historical planned versus actual annual surface water deliveries, by surface water 

source and water year type, and based on the most recent ten years of surface water supply information. 

     (B) A quantitative assessment of the historical water budget, starting with the most recently available 

information and extending back a minimum of 10 years, or as is sufficient to calibrate and reduce the 

uncertainty of the tools and methods used to estimate and project future water budget information and 

future aquifer response to proposed sustainable groundwater management practices over the planning 

and implementation horizon. 

     (C) A description of how historical conditions concerning hydrology, water demand, and surface water 

supply availability or reliability have impacted the ability of the Agency to operate the basin within 

sustainable yield. Basin hydrology may be characterized and evaluated using water year type. 

Chapter 2.3.4 of the Tule Subbasin Setting provides an evaluation of the availability or reliability 

past surface water deliveries and the aquifer response to water supply and demand trends relative 

to water year type. The historical surface and groundwater budgets for the Tule Subbasin, as 

assessed over the water years 1986/87 – 2016/17, with corresponding water year type, are shown 

in Table 2-2a, 2-2b and 2-3 of the Tule Subbasin Setting. 

The Agency’s historical surface water and groundwater budgets are assessed over the same 

period, and are accounted for in Tables 1a, 1b, and 2 in Appendix D of the Tule Subbasin Setting 

and summarized throughout Section 2.4 of this GSP. 
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2.4.5 Projected Water Budget § 354.18(c)(3)(A); § 354.18(c)(3)(A) 

23 Cal. Code Regs. § 354.18 Water Budget. (c) Each Plan shall quantify the current, historical, and 

projected water budget for the basin as follows: 

  (3) Projected water budgets shall be used to estimate future baseline conditions of supply, demand, 

and aquifer response to Plan implementation, and to identify the uncertainties of these projected water 

budget components. The projected water budget shall utilize the following methodologies and 

assumptions to estimate future baseline conditions concerning hydrology, water demand and surface 

water supply availability or reliability over the planning and implementation horizon: 

    (A) Projected hydrology shall utilize 50 years of historical precipitation, evapotranspiration, and 

streamflow information as the baseline condition for estimating future hydrology. The projected 

hydrology information shall also be applied as the baseline condition used to evaluate future scenarios 

of hydrologic uncertainty associated with projections of climate change and sea level rise. 

     (B) Projected water demand shall utilize the most recent land use, evapotranspiration, and crop 

coefficient information as the baseline condition for estimating future water demand. The projected water 

demand information shall also be applied as the baseline condition used to evaluate future scenarios of 

water demand uncertainty associated with projected changes in local land use planning, population 

growth, and climate. 

Chapter 2.3.5 of the Tule Subbasin Setting discusses methodologies, and information used to 

develop the Tule Subbasin projected water budget in the Groundwater Flow Model, incorporating 

planned projects and management action of each of the six (6) GSAs for achieving sustainability 

(See Tables 2-6 and 2-7, Tule Subbasin Setting). The projects and management actions were 

incorporated into the groundwater flow model of the Tule Subbasin for the projected time period 

from 2020 to 2070 in order to assess the sustainability planned actions, assess the interaction of 

the planned actions to groundwater levels between GSAs, and estimate Sustainable Yield of the 

subbasin.  

The model projects also incorporated adjustments to the hydrology and water deliveries to 

account for potential climate change. Baseline Tule River flows, Friant-Kern Canals deliveries, 

and State Water Project’s California Aqueduct deliveries used in the future projections for the 

model were adjusted to account for projections of future climate change.  Adjustments were 

applied based on output from DWR’s CalSim-II model, which provided adjusted historical 

hydrology for major drainages and imported supplies based on scenarios recommended by DWR 

Climate Change Technical Advisory Group. Climate change adjustments to hydrology and surface 

water deliveries were applied over two time periods within the SGMA planning horizon, as defined 

by California Water Commission (2016): 

1. A 2030 central tendency time period, which provides near-term projections of potential 

climate change impacts on hydrology, centered on the year 2030, and 

2. A 2070 central tendency time period, which provides long-term projections of potential 

climate change impacts on hydrology, centered on the year 2070. 

For imported water supplies from the Friant-Kern Canal, TH&Co utilized projected delivery 

schedules from the Friant Water Authority (Friant Water Authority, 2018). The projected water 

deliveries include adjustments to supplies associated with the planned San Joaquin River 

Restoration Project (SJRRP). Adjustments to Friant-Kern Canal supplies to account for climate 
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change and SJRRP were applied beginning in 2025. The adjustments were applied incrementally 

between 2025 and 2030 such that the full adjustments were in effect in 2030. TH&Co applied the 

2070 central tendency time period climate-related adjustments to imported water deliveries in the 

Tule Subbasin model projection for the period from 2050 to 2070. 

 

The projected surface and groundwater budgets for the Tule Subbasin, as assessed over the 

water years 2020 to 2070, are shown in Table 2-8a, 2-8b and 2-9 of the Tule Subbasin Setting. 

 

Projected surface and groundwater budgets for the Agency over the same time period (2020-

2070) are provided in Table 3a, 3b and 4, of the Tule Subbasin Setting. 

 

2.5 Management Areas § 354.20(a); § 354.18(c) 

23 Cal. Code Regs. § 354.20 Management Areas. (a) Each Agency may define one or more 

management areas within a basin if the Agency has determined that creation of management areas will 

facilitate implementation of the Plan. Management areas may define different minimum thresholds and 

be operated to different measurable objectives than the basin at large, provided that undesirable results 

are defined consistently throughout the basin. 

(c) If a Plan includes one or more management areas, the Plan shall include descriptions, maps, and 

other information required by this Subarticle sufficient to describe conditions in those areas.  

The regulatory requirements outlined in CCR § 354.20 for describing the management areas 

within the Tule Subbasin and further the Agency for defining different minimum thresholds and 

operate to different measurable objectives are addressed and fulfilled in part in Chapter 2.4 of 

the Tule Subbasin Setting, and Section 1.4.3, with supplemental information to meet the regulator 

requirements provided in this section. 

 

Table 2-4 links the requirements of 23 CCR § 354.20 to the sections in the Tule Subbasin Setting 

and the sections of this GSP that apply to and fulfil each regulatory component. This Plan provides 

a reference to the Tule Subbasin Setting, and when necessary, a brief summary the connects 

basin wide and relative to the Agency. 

 

Table 2-4: Components of 23 CCR § 354.20 

23 CCR Section Title Tule Subbasin Setting 
Pixley ID GSA 

GSP 

§ 354.20 (b)(1) Criteria for Management Areas 2.4.1 2.5.1 

§ 354.20 (b)(2) Minimum Thresholds and Measurable Objectives 2.4.2 2.5.2 

§ 354.20 (b)(3) Monitoring Pan 2.4.3 2.5.3 

§ 354.20 (d)(4) Coordination with Adjacent Areas 2.5.4 2.5.4 

 

The Agency is subdivided into two (2) management areas. These Management Areas were 

introduced in Section 1.4.3 of this Plan and are briefly discussed in Chapter 2.4 of the Tule 

Subbasin Setting. Figure 1-4 in Section 1.4.3 of this Plan displays the management areas within 

the Agency. The three management categories are listed below. 
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• Pixley ID Management Area (see Section 1.4.3.1) 

• Municipal Management Areas (see Section 1.4.3.2) 

 

2.5.1 Criteria for Management Areas § 354.20(b)(1) 

23 Cal. Code Regs. § 354.20 Management Areas. (b) A basin that includes one or more management 

areas shall describe the following in the Plan: 

  (1) The reason for the creation of each management area.  

Chapter 2.4.1 of the Tule Subbasin Setting discusses a majority of the Tule Subbasin 

management areas are associated with communities that provide municipal water supply. These 

communities have been delineated separately because the beneficial use of the groundwater 

produced within the management areas (municipal supply) differ from the beneficial use of 

groundwater in a majority of the subbasin (agriculture).. 

 

2.5.2 Minimum Thresholds and Measurable Objectives § 354.20(b)(2) 

23 Cal. Code Regs. § 354.20 Management Areas. (b) A basin that includes one or more management 

areas shall describe the following in the Plan: 

  (2) The minimum thresholds and measurable objectives established for each management area, and 

an explanation of the rationale for selecting those values, if different from the basin at large.  

 

Section 3.5 of this Plan provides the rational, methodologies and information relied upon to set 

minimum thresholds and measurable objectives and the established minimum threshold and 

measurable objectives as it relates directly to the Agency. The methodologies remain consistent 

between the Agency management areas, except for water quality which varies depending on the 

management area based on the beneficial users of groundwater within the management area. 

 

2.5.3 Monitoring Plan § 354.20(b)(3) 

23 Cal. Code Regs. § 354.20 Management Areas. (b) A basin that includes one or more management 

areas shall describe the following in the Plan: 

  (3) The level of monitoring and analysis appropriate for each management area. 

A summary of the Tule Subbasin Monitoring Plan in Chapter 2.4.3 of the Tule Subbasin Setting 

discusses, which is Attachment 1 to the Tule Subbasin Coordination Agreement. 

 

Section 4 of this Plan provides more detail to the Agency monitoring and analysis appropriate for 

each management area. 

 

2.5.4  Coordination with Adjacent Areas § 354.20(b)(4) 

23 Cal. Code Regs. § 354.20 Management Areas. (b) A basin that includes one or more management 

areas shall describe the following in the Plan: 
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  (4) An explanation of how the management area can operate under different minimum thresholds and 

measurable objectives without causing undesirable results outside the management area, if applicable. 

Chapter 2.4.4 of the Tule Subbasin Setting discusses coordination with adjacent basins to the 

Tule Subbasin. Section 3.5 of this Plan discusses how minimum thresholds and measurable 

objectives were set for each sustainability indicator to avoid causing undesirable results in 

adjacent basins. 
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3.1 Introduction § 354.22 

23 Cal. Code Regs. § 354.22 Introduction to Sustainable Management Criteria. This Subarticle 

describes criteria by which an Agency defines conditions in its Plan that constitute sustainable 

groundwater management for the basin, including the process by which the Agency shall characterize 

undesirable results, and establish minimum thresholds and measurable objectives for each applicable 

sustainability indicator. 

This Section defines the process for determining the sustainable management criteria, specific to 

the Aency, in order to achieve the sustainability goal of the Tule Subbasin outlined in the 

Coordination Agreement (Appendix A).  Specifically, this Section includes the characterization 

and definition of minimum thresholds and measurable objectives with interim milestones for each 

applicable sustainability indicator. 

 

3.2 Sustainability Goal § 354.24 

23 Cal. Code Regs. § 354.24 Sustainability Goal. Each Agency shall establish in its Plan a 

sustainability goal for the basin that culminates in the absence of undesirable results within 20 years of 

the applicable statutory deadline.  The Plan shall include a description of the sustainability goal, including 

information from the basin setting used to establish the sustainability goal, a discussion of the measures 

that will be implemented to ensure that the basin will be operated within its sustainable yield, and an 

explanation of how the sustainability goal is likely to be achieved within 20 years of Plan implementation 

and is likely to be maintained through the planning and implementation horizon. 

The Sustainability Goal of the Tule Subbasin is defined in the Coordination Agreement as the 

absence of significant and unreasonable undesirable results associated with groundwater 

pumping, accomplished by 2040 and achieved through an integrated program of sustainable 

groundwater management between the Tule Subbasin GSAs and their many stakeholders. 

 

It is further the goal of the Tule Subbasin GSAs that coordinated implementation of their respective 

Groundwater Sustainability Plans will achieve sustainability in a manner that facilitates the highest 

degree of collective economic, societal, environmental, cultural, and communal welfare and 

provides all beneficial uses and users the ability to manage the groundwater resource at least 

cost. Moreover, this coordinated implementation is anticipated to ensure that the sustainability 

goal, once achieved, is also maintained through the remainder of the 50-year planning and 

implementation horizon, and well thereafter. 

 

3.3 Process for Establishing Sustainable Management 

Criteria 

The Sustainable Management Criteria (hereafter “SMC”) discussed and established in this 

Section were developed in consultation with the Agency’s member agencies, local stakeholders, 

Tule Subbasin GSA counterparts, technical leads, regional partners, interbasin stakeholders, and 

other interested parties. The process for setting SMC related to undesirable results and 

measurement methodology is consistent among the various GSAs within the Tule Subbasin, while 

the quantifiable process for setting measurable objectives, interim milestones, and minimum 
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thresholds for RMS in each GSA individually was determined by that GSA and their consultants 

to cater to the diverse conditions that occur throughout the Tule Subbasin. 

 

The general process leading up to the development and establishment of these Sustainable 

Management Criteria included: 

 

• Regular agenda items, material reviews, and presentations at Agency regular 

Groundwater Planning Commission Meetings wherein information relevant pertinent to the 

development of Sustainable Management Criteria was discussed with recommendations 

provided; 

• Holding public outreach landowner meetings within Agency and throughout the Tule 

Subbasin outlining the process for Plan development, discussing Sustainable 

Management Criteria, and providing data and context related to local groundwater-related 

issues; and 

• Reviewing existing hydrologic data, current and historical groundwater information 

assembled in the Tule Subbasin Setting (Coordination Agreement, Attachment 2), and 

future projections prepared by the Tule Subbasin Hydrogeologist utilizing the Tule 

Subbasin Groundwater Flow Model (GFM) (Appendix B:  Groundwater Flow Model) to 

provide summary of historic groundwater conditions and projected future groundwater 

conditions based upon implementation of the proposed projects and management actions 

described in Section 5 of this Plan. 

 

3.4 Undesirable Results § 354.26(a) 

23 Cal. Code Regs. § 354.26 Undesirable Results. (a) Each Agency shall describe in its Plan the 

processes and criteria relied upon to define undesirable results applicable to the basin.  Undesirable 

results occur when significant and unreasonable effects for any of the sustainability indicators are 

caused by groundwater conditions occurring throughout the basin. 

Undesirable Results are caused by groundwater conditions occurring throughout a significant and 

unreasonable portion of the basin that, for any sustainability indicator, are considered significant 

and unreasonable. These conditions, or sustainability indicators, include: 

 

• Chronic lowering of groundwater levels indicating a depletion of supply if continued over 
the planning and implementation horizon; 

• Reduction of groundwater storage; 

• Seawater intrusion; 

• Degraded water quality, including the migration of contaminant plumes that impair water 
supplies; 

• Land subsidence that substantially interferes with surface land uses; and 

• Depletions of interconnected surface water that have adverse impacts on beneficial uses. 
 

The Tule Subbasin GSAs have evaluated the potential for each of these groundwater conditions 

and have established common criteria within the Coordination Agreement, wherein, if any such 
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significant and unreasonable conditions were to become present, they would constitute an 

undesirable result within the Agency. The process to identify the conditions that constitute 

significant and unreasonable conditions in the Tule Subbasin was informed through: 

• Research and documentation of the hydrogeological conceptual model of the subbasin 
(see Attachment 1); 

• Development of a calibrated numerical groundwater flow model of the subbasin for use in 
estimating sustainable yield and analyzing the effects of projects and management actions 
on future groundwater levels and land subsidence (see Attachment 3); 

• Analysis of potential future groundwater levels, land subsidence, and groundwater quality 
throughout the subbasin for use in assessing significant and unreasonable groundwater 
conditions and identifying sustainable management criteria (see Attachments 4 and 5). 

 

Based on analysis of the hydrogeological conceptual model, four sustainability indicators were 

identified with potential to cause significant and unreasonable effects within the Tule Subbasin. 

These indicators are: 

 

 

• Chronic lowering of groundwater levels indicating a depletion of supply if continued over 
the planning and implementation horizon; 

• Reduction of groundwater storage; 

• Degraded water quality, including the migration of contaminant plumes that impair 
groundwater supplies; and 

• Land subsidence that substantially impacts critical infrastructure. 

 

Two groundwater conditions, the depletion of interconnected surface waters and seawater 

intrusion, do not apply as sustainability indicators within the Tule Subbasin (defined in the Tule 

Subbasin Setting, Coordination Agreement, Attachment 2) and, therefore, cannot create adverse 

conditions that are significant and unreasonable and will be evaluated every five years during the 

five-year review process to confirm no change of the Tule Subbasin conditions. 

 

Based on groundwater level and land subsidence projections from the Tule Subbasin 

groundwater flow model and analysis of potential impacts of the additional groundwater level 

decline and land subsidence projected for the transition period from 2020 to 2040 (see 

Attachments 4 and 5), each GSA developed Sustainable Management Criteria for each of the 

sustainability indicators to avoid undesirable results in consideration of the beneficial uses of 

groundwater and the beneficial users of these supplies and facilities:  

 

• Municipal and Domestic Supply 

• Agricultural Supply 

• Industrial Supply 

• Critical Infrastructure, including the Friant-Kern Canal (FKC) 
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The Sustainable Management Criteria identified to avoid undesirable results were vetted through 

a public process that included multiple stakeholder workshops, meetings, and document review.  

While the sustainable management criteria are protective of undesirable results for most 

beneficial uses and users, during the transition period between 2020 and 2040, if impacts occur, 

a mitigation program has been developed to address these impacts. The Tule Mitigation Plan can 

be found as Attachment 7 of the Tule Subbasin Coordination Agreement (See Appendix A).     

 

The definition and description of the undesirable result for each sustainability indicator is 

described commonly between the GSAs in the Tule Subbasin, included in the Coordination 

Agreement (Appendix A).   

 

3.5 Minimum Thresholds, Interim Milestones, and 

Measurable Objectives for Sustainability Indicators § 

354.28(a); § 354.30(a) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (a) Each Agency in its Plan shall establish 

minimum thresholds that quantify groundwater conditions for each applicable sustainability indicator at 

each monitoring site or representative monitoring site established pursuant to Section 354.36.  The 

numeric value used to define minimum thresholds shall represent a point in the basin that, if exceeded, 

may cause undesirable results as described in Section 354.26. 

23 Cal. Code Regs. § 354.30 Measurable Objectives (a). Each Agency shall establish measurable 

objectives, including interim milestones in increments of five years, to achieve the sustainability goal for 

the basin within 20 years of Plan implementation and to continue to sustainably manage the groundwater 

basin over the planning and implementation horizon. 

The Agency has developed the numerical minimum thresholds, interim milestones, and 

measurable objectives for each of the four sustainability indicators applicable to the Tule 

Subbasin, including: 

 

– Chronic Lowering of Groundwater Levels 

– Reduction of Groundwater Storage 

– Degraded Water Quality 

– Land Subsidence  
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Each sustainability indicator is evaluated at the various RMS within the Agency, defined in the 

Tule Subbasin Monitoring Plan, to establish the numerical minimum threshold, interim milestones 

and measurable to achieve sustainability within 20 years.  The locations of the various RMS for 

each Sustainability Indicator are identified in Figure 3-1: Pixley ID GSA RMS . 

Figure 3-1: Pixley ID GSA RMS Network Location Map 
 

In addition, for each Sustainability Indicator in the Agency, the metrics for quantifying the 

measurable objective and minimum threshold are established, as identified in Table 3-1:  Metrics 

for Quantifying Sustainability Indicators. 

 

Table 3-1:  Metrics for Quantifying Sustainability Indicators 

Sustainability Indicator Metric for Quantifying 

Chronic Lowing of Groundwater Levels Depth to Groundwater 

Reduction in Groundwater Storage  Depth to Groundwater 

Seawater Intrusion Not Applicable to Tule Subbasin 

Degraded Water Quality Measured Groundwater Quality 

Land Subsidence Measured Land Subsidence 

Depletion of Interconnected Surface Waters Not Applicable to Tule Subbasin 
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3.5.1 Measurable Objectives and Interim Milestones § 354.30(a); § 354.30(c); § 

354.30(d); § 354.30(e); § 354.30(f); § 354.30(g) 

23 Cal. Code Regs. § 354.30 Measurable Objectives. (b) Measurable objectives shall be established 

for each sustainability indicator, based on quantitative values using the same metrics and monitoring 

sites as are used to define the minimum thresholds. 

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse 

conditions which shall take into consideration components such as historical water budgets, seasonal 

and long-term trends, and periods of drought, and be commensurate with levels of uncertainty. 

(d) An Agency may establish a representative measurable objective for groundwater elevation to serve 

as the value for multiple sustainability indicators where the Agency can demonstrate that the 

representative value is a reasonable proxy for multiple individual measurable objectives as supported 

by adequate evidence. 

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 

years of Plan implementation, including a description of interim milestones for each relevant 

sustainability indicator, using the same metric as the measurable objective, in increments of five years. 

The description shall explain how the Plan is likely to maintain sustainable groundwater management 

over the planning and implementation horizon. 

(f) Each Plan may include measurable objectives and interim milestones for additional Plan elements 

described in Water Code Section 10727.4 where the Agency determines such measures are appropriate 

for sustainable groundwater management in the basin. 

(g) An Agency may establish measurable objectives that exceed the reasonable margin of operational 

flexibility for the purpose of improving overall conditions in the basin, but failure to achieve those 

objectives shall not be grounds for a finding of inadequacy of the Plan. 

Measurable objectives and interim milestones for each sustainability indicator have been defined 

at each Representative Monitoring Site (hereafter “RMS”) with a quantitative value using a 

technically based process. The measurable objectives and interim milestones describe targets 

and goals for the Agency, for achievement of the Tule Subbasin sustainability goal over the 

planning and implementation horizon. 

 

Additionally, operational flexibility was developed between the measurable objective and interim 

milestones from the minimum threshold to allow for seasonal hydrologic variations and periods of 

drought to occur to avoid the minimum threshold. 

 

During each year of the plan implementation period, the Agency will evaluate the data collected 

from the monitoring program during each Spring monitoring event and compare to the target 

values established.  The Agency will use adaptive management to adjust goals based on the data 

collected. 

 

Each measurable objective and interim milestone established developed includes the following 

assumptions: 

 

- The Projects and Management Actions outlined in Section 5 of this plan are 

implemented during the initial 20-year Plan implementation period. 
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- The Projects and Management Actions proposed by the other GSAs within the Tule 

Subbasin are also implemented during the initial 20-year Plan implementation period. 

- Average Hydrology, including Climate Change factors, will occur throughout the Tule 

Subbasin during the 20 years of Plan implementation. 

- Current Baseline Conditions (starting point) for each sustainability indicator will be 

adjusted to Spring 2020. 

 

The process for establishing the Measurable Objectives and Interim Milestones varies and is 

described separately for each Sustainability Indicator in the following sections. 

 

3.5.1.1 Chronic Lowering of Groundwater Levels 

The interim milestones and measurable objective for each RMS associated with the Chronic 

Lowering of Groundwater Levels Sustainability Indicator have been quantified using the following 

available data: 

 

• Historical groundwater elevation data from wells monitored by the Agency member 

agencies, monitored by other local monitoring entities, or otherwise available through 

CASGEM; 

• Projects and Management Actions as proposed by the Agency and other Tule Subbasin 

GSAs incorporated into the Groundwater Flow Model. 

• Historical and future projections scenarios of groundwater elevation specific to each 

RMS well based on output from the Tule Subbasin Groundwater Flow Model; and 

• Other relevant information discussed in the Tule Subbasin Setting. 

 

3.5.1.1.1 Process for Determining Measurable Objectives and Interim Milestones 

The following four (4) steps detail the process for setting interim milestones and the measurable 

objective at each RMS well. 

 

Step 1: Locate the RMS defined in the Tule Subbasin Monitoring Plan, identify which 

portion of the aquifer it represents, and prepare a hydrograph using available 

historical groundwater elevation data. 

Step 2: Incorporate into the RMS Well Hydrograph groundwater elevation data from the 

Groundwater Flow Model that includes historical and projected groundwater 

elevation data. 

Step 3:  Adjust the GFM projected groundwater elevations at the RMS well to the most 

recent physically measured groundwater elevation.  Each RMS site will further be 

adjusted to the groundwater elevation measured during February 2020 to establish 

the starting baseline conditions. 
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Step 4: Utilize the adjusted GFM projected groundwater elevations for the period 2020 to 

2040 to quantify numerically the interim milestones and the measurable objective 

value in 2040. 

 

3.5.1.1.2 Quantifiable Measurable Objectives and Interim Milestones 

Using the process described, a hydrograph was established at each RMS well location (Appendix 

3-A:  RMS Groundwater Level Hydrographs), and from the hydrograph, the quantifiable interim 

milestones and measurable objectives were established, summarized in Table 3-2:  Chronic 

Lowering of Groundwater Levels Interim Milestones and Measurable Objective by RMS 

Well.   

 

Table 3-2:  Chronic Lowering of Groundwater Levels Interim Milestones and Measurable 
Objective by RMS Well 

RMS ID 
Pixley ID GSA 

Management Area 
Aquifer 

Interim Milestone  
Measurable 

Objective 

GWE (ft amsl) GWE (ft amsl) 

2025  2030 2035 2040 

22s/23E-23J01 Pixley ID Service Area Upper 2 -6 -12 -13 

22S/23E-25N01 Pixley ID Service Area Upper 14 6 -2 -8 

23S/24E-28J02 Pixley ID Service Area Upper 84 80 78 78 

23S/25E-16N04 Teviston CSD Upper 65 59 63 62 

23S25E-08G01 Pixley ID Service Area Upper NA NA NA NA 

TSS PIDGSA-01 U Pixley ID Service Area Upper NA NA NA NA 

TSS PIDGSA-01 L Pixley ID Service Area Lower NA NA NA NA 

TSMW 1L Pixley ID Service Area Lower NA NA NA NA 

22S/25E-30 Pixley ID Service Area Lower NA NA NA NA 

 

3.5.1.2 Reduction of Groundwater Storage 

The interim milestones and measurable objective for the Reduction of Groundwater Storage 

Sustainability Indicator have been quantified using the following available data: 

 

• Utilize same RMS wells as identified for the Chronic Lowering of Groundwater Levels, 

along with the interim milestones and measure objective values as a proxy data point to 

calculate groundwater storage; and 

• Other relevant information discussed in the Tule Subbasin Setting. 

 

3.5.1.2.1 Process for Determining Measurable Objectives and Interim Milestones 

The process to determine the total numerical volume of groundwater storage for the Agency is 

calculated using the Groundwater Flow Model which incorporates the numerical interim 

milestones and measurable objective groundwater elevation values established at each RMS 

well.  From this groundwater elevation data, along with applying the soil characteristics described 

in the Tule Subbasin Setting, the groundwater storage is calculated.  
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3.5.1.2.2 Quantified Measurable Objectives and Interim Milestones 

The interim milestones and measurable objective for groundwater storage for GSA are 

summarized in Table 3-3:  Reduction of Groundwater Storage Interim Milestones and 

Measurable Objectives. 

 

Table 3-3:  Reduction of Groundwater Storage Interim Milestones and Measurable 
Objectives 

Interim Milestone1  Measurable Objective2 

GW Storage Volume (million ac-ft) GW Storage Volume (million ac-ft) 

2025  2030 2035 2040 

39.98 39.57 39.33 39.20 

 

The Agency has a separate water accounting system to track the amount of groundwater that has 

been banked by the District or individual landowners per Section 5 of this Plan, which will be 

internally calculated from the gross groundwater storage for the Agency. 

 

3.5.1.3 Groundwater Quality 

The interim milestones and measurable objective for the Groundwater Quality Sustainability 

Indicator have been quantified using the following available data: 

 

• Utilizing historical groundwater quality data from the existing RMS wells which are 

monitored under separate groundwater quality regulatory programs, such as those wells 

monitored under the California Regional Water Quality Control Board Irrigated Lands 

Regulatory Program, CV-Salts Nitrate Control Program and those associated with Public 

Water Systems; and 

• Other relevant information discussed in the Tule Subbasin Setting. 

 

3.5.1.3.1 Process for Determining Measurable Objectives and Interim Milestones 

The following three (3) steps detail the process for setting interim milestones and the measurable 

objective at individual RMS related to Groundwater Quality: 

 

Step 1:  

Locate the RMS defined in the Tule Subbasin Monitoring Plan, identify which portion of the aquifer 

it represents, and the associated Constituents of Concern (COC) to be monitored at the RMS 

based on (Agricultural use, Drinking Water) as described below: 

Drinking Water:  The RMS well is within an urban MA or 1-mile of a public water system. 

 
1 Numeric Values to be updated based on initial 2020 monitoring results.  Current values are most current values available 
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Agricultural:  Greater than 50% of the pumping within the representative area is 

determined to be agricultural and there are no public water systems within 

a 1-mile radius.  

 

Agricultural or drinking water constituents of concerns will be evaluated based on the established 

Maximum Contaminate Level (MCL) or Water Quality Objectives (WQO) by the responsible 

regulatory agency. In the case of drinking water, the following title 22 constituents will be 

monitored and for agricultural the following Basin Plan Water Quality Objective (WQO) COC as 

identified in Table 3-4:  Constituents of Concern by Beneficial Uses and Users.

 

Table 3-4:  Constituents of Concern by Beneficial Uses and Users 

Drinking Water Agricultural 

Arsenic Nitrogen as N 

Nitrate as N Chloride 

Hexavalent Chromium Sodium 

Dibromochloropropane (DBCP) Total Dissolved Solids 

1,2,3-Trichloropropane (TCP) Perchlorate 

Tetrachloroethene (PCE)  

Chloride  

Total Dissolved Solids  

Perchlorate  

 

Step 2:

Establish measurable objectives and interim milestones at each groundwater quality RMS well 

based on 75% of the regulatory limits set as part of the responsible regulatory programs that are 

applicable to the identified beneficial uses and users of groundwater represented by the RMS well 

as shown in Table 3-5:  Constituents of Concern by Beneficial Uses and Users

Table 3-5: Interim Milestones & Measurable Objectives for Groundwater Quality

Constituent Units 

Interim Milestone & Measurable Objective 

75% Drinking Water Limits 
(MCL/SMCL) 

75% Agricultural Water Quality Objective 
(WQOs) 

Arsenic ppb 7.5 N/A 

Nitrate as N ppm 7.5 N/A 

Hexavalent Chromium ppb 7.5 N/A 

Dibromochloropropane (DBCP) ppb 0.15 N/A 

1,2,3-Trichloropropane (TCP) ppt 3.75 N/A 

Tetrachloroethene (PCE) ppb 3.75 N/A 

Chloride ppm 375 79.5 

Sodium ppm N/A 51.75 

Total Dissolved Solids ppm 750 337.5 

Perchlorate ppb 4.5 N/A 
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Step 3:   

Evaluate historical groundwater quality data for instances where SMCs established at RMS wells 

have been historically exceeded not as a result of implementation of a GSP.  In those instances, 

SMCs will not be set at the MCLs or WQOs, but rather the pre-SGMA implementation 

concentration. These RMS wells closely monitored to evaluate if further degradation is occurring 

at the RMS site as a result of GSP implementation into the future. 

(Note that Point Source/Non-Point Source Discharges unrelated to groundwater recharge are not 

monitored under this Plan or regulated by the Agency).  

Under the terms of the cooperative agreements with the PUD/CSDs, those agencies have an 

ongoing opportunity propose minimum thresholds for additional constituents and determine 

whether additional changes to the monitoring network should be made to address water quality 

issues.  The GSA will consider such proposals when made.  

The GSA acknowledges a gap in data related to individual domestic well water locations, 

elevations and water quality.  The GSA will address this gap in coordination with Tulare County,  

and other water quality regulatory programs and agencies that are being coordinated with this 

GSP, such as the Tule Basin Management Zone.  Although the GSA cannot assume responsibility 

for failure of all individual wells, the GSA will be developing a mitigation program as described in 

Section 5 of this GSP if specific data is developed that identifies domestic wells that go dry due 

to GSA implementation actions.   Any such action should be in coordination with Tulare County, 

including the potential for the continuation by the County of existing programs for drought 

mitigation assistance implemented during the last major drought. 

For Municipal management areas water quality data gathered from Consumer Confidence 

Reports will be utilized rather than quality reading taken from individual wells. 

 

(Note that Point Source/Non-Point Source Discharges unrelated to groundwater recharge are not 

monitored under this Plan or regulated by the Agency). 

 

In addition, the GSA will seek to collect data from the public water systems as part of monitoring 

efforts.  The collected data will reflect what these public water systems report to existing regulatory 

agencies to determine if existing regulatory requirements are being met and to determine if 

specific management actions would be warranted by the GSA under its authority to manage 

groundwater.  The GSA will be monitoring and coordinating these items to determine if 

groundwater pumping activities are contributing to undesirable effects related to degraded water 

quality 

3.5.1.3.2 Quantified Measurable Objectives and Interim Milestones 

The interim milestones and measurable objective for groundwater quality for each management 

area are summarized in Table 3-6: Groundwater Quality Interim Milestones and Measurable 

Objectives. 
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Table 3-6: Groundwater Quality Interim Milestones and Measurable Objectives 

RMS ID Well Designation Aquifer 

COC Measurable Objective 

Arsenic 
Nitrate 
as N 

Hexavalent 
Chromium 

DBCP TCP PCE Chloride Sodium TDS Perchlorate 

(ppb) (ppm) (ppb) (ppb) (ppt) (ppm) (ppm) (ppm) (ppm) (ppb) 

22S/25E-30 
(E0259438) 

Drinking Upper N/A 7.5 7.5 N/A N/A N/A 375 N/A 337.5 4.5 

23S/25E-08G01 
(724662) 

Mixed Upper N/A 7.5 7.5 N/A N/A N/A 375 51.75 338 4.5 

PIDGSA-01 U Agricultural Lower N/A 7.5 N/A N/A N/A N/A 375 57 338 4.5 

Pixley PUD CCR Drinking UNK 7.5 7.5 7.5 0.15 3.75 3.75 375 N/A 750 5 

Teviston CSD 
CCR 

Drinking UNK 7.5 7.5 7.5 0.15 3.75 3.75 375 N/A 750 5 
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3.5.1.4 Land Subsidence 

The interim milestones and measurable objective for each RMS associated with the Land 

Subsidence Sustainability Indicator have been quantified using the following available data: 

 

• Historical land subsidence data from United States Geological Survey (USGS) 

extensometer, National Aeronautics and Space Administration (NASA) Interferometric 

Synthetic Aperture Radar (InSAR) Jet Propulsion laboratory, and GPS Stations. 

• Projects and Management Actions as proposed by the Agency and other Tule Subbasin 

GSAs incorporated into the Groundwater Flow Model. 

• Historical and future projections scenarios of land subsidence specific to each RMS well 

based on output from the Tule Subbasin Groundwater Flow Model; and 

• Other relevant information discussed in the Tule Subbasin Setting. 

 

3.5.1.4.1 Process for Determining Measurable Objectives and Interim Milestones 

The following four (4) steps detail the process for setting interim milestones and the measurable 

objective at individual RMS. 

 

Step 1: Locate the RMS defined in the Tule Subbasin Monitoring Plan, identify which 

portion of the aquifer it represents, and prepare a chart using available historical 

land subsidence data interpolated to RMS location. 

Step 2: Incorporate into the RMS chart the projected depth of land subsidence from the 

Groundwater Flow Model. 

Step 3:  Adjust depth of land subsidence to each RMS site based on the ground surface 

elevation measured during Fall 2019 to establish the starting baseline ground 

surface conditions. 

Step 4: Utilize the adjusted GFM estimated depth of land subsidence for the period 2020 

to 2040 to quantify numerically the interim milestones and the measurable 

objective value in 2040. 

 

3.5.1.4.2 Quantifiable Measurable Objectives and Interim Milestones 

Using the process described, a chart was established at each RMS location (Appendix 3-C:  

RMS Land Subsidence Charts), and from the chart, the quantifiable interim milestones and 

measurable objectives were established, summarized in Table 3-7: Land Subsidence Interim 

Milestones and Measurable Objective by RMS Location.   
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Table 3-7: Land Subsidence Interim Milestones and Measurable Objective by RMS 
Location 

RMS ID 

Baseline Interim Milestone Measurable Objective 

GSE (ft amsl) Ground Surface Elevation (ft amsl) GSE (ft amsl) 

2020 2025 2030 2035 2040 

P0007_B_RMS 209.980 207 205 204 201 

P0008_B_RMS 229.074 227 226 226 226 

P0009_B_RMS 205.160 202 199 198 198 

P0010_B_RMS 202.359 200 197 196 196 

P0011_B_RMS 218.493 216 214 213 212 

P0025_B_RMS 273.428 272 271 271 271 

P0026_B_RMS 277.234 277 276 276 276 

P0027_B_RMS 255.341 254 253 253 253 

P0028_B_RMS 278.018 278 277 277 277 

P0029_B_RMS 283.520 283 282 282 282 

P0036_B_RMS 323.575 323 322 322 322 

P0037_B_RMS 324.560 324 323 323 323 

 

Additionally, using the Groundwater Flow Model, a map of the Agency identifying the potential 

land subsidence that would occur using the measurable objective values is shown in Figure 3-2:  

Land Subsidence Map at Measurable Objectives.   

Figure 3-2:  Land Subsidence Map at Measurable Objectives 
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In response to concern about subsidence-related damage specifically to the Friant-Kern Canal 

(“FKC”), it has been suggested that monitoring sites and higher sensitivity Minimum Thresholds 

should be established for areas in close proximity to the FKC.  In concept, the development of a 

defined FKC subsidence management area within the Tule Subbasin, with specific minimum 

thresholds and management actions for that management area, may be appropriate for some 

portions of the GSA.  However, this is an action that the GSA Board, as well as the governing 

boards of other GSAs within the Tule Subbasin, will consider in the future as regionalized 

subsidence impacts are better understood through future monitoring and analysis.  

 

3.5.2 Minimum Thresholds § 354.28(b)(1); § 354.28(b)(6) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (b) The description of minimum thresholds shall 

include the following: 

  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each 

sustainability indicator.  The justification for the minimum threshold shall be supported by information 

provided in the basin setting, and other data or models as appropriate, and qualified by the uncertainty 

in the understanding of the basin setting. 

  (6) How each minimum threshold will be quantitatively measured, consistent with the monitoring 

network requirements described in Subarticle 4. 

Minimum thresholds are quantified for the applicable sustainability indicators at individual 

representative monitoring sites within the Agency, such that, if the numeric value used to define 

a minimum threshold at a particular RMS is exceeded, on its own or in combination with other 

RMS within the Agency, may lead to an undesirable result (Undesirable Results are defined using 

Minimum Thresholds in Tule Subbasin Coordination Agreement). When a minimum threshold is 

exceeded, the Agency will evaluate the management actions and projects described in Section 

5: Projects and Management Actions, that are intended to prevent the exceedance of an 

undesirable result from occurring. 

 

During each year of the plan implementation period, the Agency will evaluate the data collected 

from the monitoring program during each monitoring event and compare to the minimum 

thresholds established.  The Agency will use adaptive management to adjust thresholds based 

on the data collected. 

 

Each minimum threshold established developed includes the following assumptions: 

 

- The Projects and Management Actions outlined in Section 5 of this plan are implemented 

during the initial 20-year Plan implementation period. 

- The Projects and Management Actions proposed by the other GSAs within the Tule 

Subbasin are also implemented during the initial 20-year Plan implementation period. 

- A significant drought (similar to most recent 10-year drought period 2007-2016), would 

occur during plan implementation period. 

- Current Baseline Conditions (starting point) for each sustainability indicator will be 

adjusted to Spring 2020. 
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The measurement for each Minimum Threshold varies depending on the RMS and is described 

within the Tule Subbasin Monitoring Plan. 

 

The process for establishing the Minimum Threshold varies and is described separately for each 

Sustainability Indicator in the following sections. 

 

3.5.2.1 Chronic Lowering of Groundwater Levels § 354.28(c)(1)(A) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (c) Minimum thresholds for each sustainability 

indicator shall be defined as follows:  

  (1) Chronic Lowering of Groundwater Levels.  The minimum threshold for chronic lowering of 

groundwater levels shall be the groundwater elevation indicating a depletion of supply at a given location 

that may lead to undesirable results.  Minimum thresholds for chronic lowering of groundwater levels 

shall be supported by the following:  

     (A) The rate of groundwater elevation decline based on historical trend, water year type, and 

projected water use in the basin. 

The minimum threshold for each RMS associated with the Chronic Lowering of Groundwater 

Levels Sustainability Indicator have been quantified using the same data set described in Section 

3.5.1.1 of this Plan above. 

 

3.5.2.1.1 Process for Determining Minimum Threshold 

The following four (4) steps detail the process for setting the minimum threshold at each RMS 

well. 

 

Step 1: Utilize the Hydrograph created for each RMS well based on process for 

establishing the interim milestones and measurable objective which assumes 

average hydrology. 

Step 2: Calculate the change in groundwater elevation during the most recent 10-year 

drought period (2007-2016) from historical groundwater data at the RMS well. 

Step 3:  Deduct the calculated change in groundwater elevation during drought conditions 

from the lowest projected interim milestone during the initial 10-year plan 

implementation period (2020 - 2030). 

Step 4: Establish the minimum threshold for groundwater elevation for the entire plan 

implementation period as a single value below the interim milestones and 

measurable objective.  The difference between the interim milestones and 

measurable objective is the operational flexibility established at each RMS well. 

 

Based on the best available data collected to date and groundwater model analysis (see Section 

4.3.1.2, Tule Subbasin Setting), the Agency established groundwater level minimum thresholds 

designed to reasonably protect access to groundwater for the majority of beneficial users. For 

those uses such as shallow domestic well owners where impacts to groundwater access may 
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occur, the Tule Subbasin GSAs have adopted Framework for a Mitigation Program (see 

Attachment 7, Tule Subbasin Setting). 

 

3.5.2.1.2 Quantifiable Minimum Threshold 

Using the process described, a minimum threshold was add to each RMS well hydrograph 

(Appendix 3-A:  RMS Hydrographs), and from the hydrograph, the quantifiable minimum 

threshold was determined as summarized in Table 3-8:  Chronic Lowering of Groundwater 

Levels Minimum Threshold by RMS Well.   
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Table 3-8:  Chronic Lowering of Groundwater Levels Minimum Threshold by RMS Well 

RMS ID Management Area Aquifer 
Minimum Threshold 

GWE (ft amsl) 

22S/23E-23J01 Pixley ID Service Area Upper -68 

22S/23E-25N01 Pixley ID Service Area Upper 54 

23S/24E-28J02 Pixley ID Service Area Upper -54 

23S/25E-16N04* Teviston CSD Upper 14 

23S25E-08G01 Pixley ID Service Area Upper NA 

TSS PIDGSA-01 U Pixley ID Service Area Upper NA 

TSS PIDGSA-01 L Pixley ID Service Area Lower NA 

TSMW 1L Pixley ID Service Area Lower NA 

22S/25E-30 Pixley ID Service Area Lower NA 

 

3.5.2.2 Reduction of Groundwater Storage § 354.28(c)(2) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (c) Minimum thresholds for each sustainability 

indicator shall be defined as follows:  

  (2) Reduction of Groundwater Storage. The minimum threshold for reduction of groundwater storage 

shall be a total volume of groundwater that can be withdrawn from the basin without causing conditions 

that my lead to undesirable results.  Minimum thresholds for reduction of groundwater storage shall be 

supported by the sustainable yield of the basin, calculated based on historical trends, water year type, 

and projected water use in the basin. 

The minimum threshold for each RMS associated with the Reduction of Groundwater Storage 

Sustainability Indicator have been quantified using the same data set described in Section 3.5.1.2 

of this Plan above. 

 

3.5.2.2.1 Process for Determining Minimum Thresholds 

The process to determine the minimum threshold volume of groundwater storage for the Agency 

is calculated using the Groundwater Flow Model which incorporates the minimum threshold 

groundwater elevation values established at each RMS well.   

 

3.5.2.2.2 Quantified Minimum Thresholds 

The minimum threshold for groundwater storage within the GSA is summarized in Table 3-9:  

Reduction of Groundwater Storage Minimum Thresholds.   

 

Table 3-9:  Reduction of Groundwater Storage Minimum Thresholds 

Minimum Threshold5 

GW Storage Volume (million ac-ft) 

38.6 
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3.5.2.3 Degraded Groundwater Quality § 354.28(c)(4) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (c) Minimum thresholds for each sustainability 

indicator shall be defined as follows:  

  (4) Degraded Water Quality. The minimum threshold for degraded water quality shall be the 

degradation of water quality, including the migration of contaminant plumes that impair water supplies 

or other indicator of water quality as determined by the Agency that may lead to undesirable results. 

The minimum threshold shall be based on the number of supply wells, a volume of water, or a location 

of an isocontour that exceeds concentrations of constituents determined by the Agency to be of concern 

for the basin. In setting minimum thresholds for degraded water quality, the Agency shall consider local, 

state, and federal water quality standards applicable to the basin. 

The minimum threshold for each RMS associated with the Groundwater Quality Sustainability 

Indicator have been quantified using the same data set described in Section 3.5.1.3 of this Plan 

 

3.5.2.3.1 Process for Determining Minimum Threshold 

The following three (3) steps detail the process for setting minimum threshold values at individual 

RMS wells related to Groundwater Quality: 
 

Step 1:  

Locate the RMS defined in the Tule Subbasin Monitoring Plan, identify which portion of the aquifer 

it represents, and the associated Constituents of Concern (COC) to be monitored at the RMS 

based on beneficial uses and users of groundwater represented by the RMS well (Agricultural, 

Drinking Water) as described below: 

Drinking Water:  The RMS well is within an urban MA or 1-mile of a public water system. 

Agricultural:  Greater than 50% of the pumping within the representative area is 

determined to be agricultural and there are no public water systems within 

a 1-mile radius.  

 

Agricultural or drinking water constituents of concerns will be evaluated based on the established 

Maximum Contaminate Level (MCL) or Water Quality Objectives (WQO) by the responsible 

regulatory agency. In the case of drinking water, the following title 22 constituents will be 

monitored and for agricultural the following Basin Plan Water Quality Objective (WQO) COC as 

previously identified in Table 3-4: Constituents of Concern by Use.

Establish minimum thresholds at each groundwater quality RMS well based on the regulatory 

limits set as part of the responsible regulatory programs that are applicable to the identified 

beneficial uses and users of groundwater represented by the RMS well as shown in Table 3-4: 

Constituents of Concern by Beneficial Uses and Users.
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Table 3-10: Minimum Thresholds for Groundwater Quality 

Constituent Units 

Minimum Thresholds 

Drinking Water Limits 
(MCL/SMCL) 

Agricultural Water Quality Objective 
(WQOs) 

Arsenic ppb 10 N/A 

Nitrate as N ppm 10 N/A 

Hexavalent Chromium ppb 10 N/A 

Dibromochloropropane (DBCP) ppb 0.20 N/A 

1,2,3-Trichloropropane (TCP) ppt 5 N/A 

Tetrachloroethene (PCE) ppb 5 N/A 

Chloride ppm 500 106 

Sodium ppm N/A 69 

Total Dissolved Solids ppm 1,000 450 

Perchlorate ppb 6 N/A 

 

Step 3:  

Evaluate historical groundwater quality data for instances where SMCs established at RMS wells 

have been historically exceeded not as a result of implementation of a GSP.  In those instances, 

SMCs will not be set at the MCLs or WQOs, but rather the pre-SGMA implementation 

concentration. These RMS wells closely monitored to evaluate if further degradation is occurring 

at the RMS site as a result of GSP implementation into the future 

(Note that Point Source/Non-Point Source Discharges unrelated to groundwater recharge are not 

monitored under this Plan or regulated by the Agency and may trigger a minimum threshold).  

 

3.5.2.3.2 Quantified Minimum Thresholds 

The minimum thresholds for groundwater quality for each management area are summarized in 
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Table 3-11:  Groundwater Quality Minimum Thresholds.  

 



Pixley Irrigation District GSA  GSP | Section 3 

3-22 Rev_07.14.2022 

Table 3-11:  Groundwater Quality Minimum Thresholds 

RMS ID 
Well 

Designation 
Aquifer 

COC Minimum Threshold 

Arsenic 
Nitrate as 

N 
Hexavalent 
Chromium 

DBCP TCP PCE Chloride Sodium TDS Perchlorate 

(ppb) (ppm) (ppb) (ppb) (ppt) (ppm) (ppm) (ppm) (ppm) (ppb) 

22S/25E-30 
(E0259438) 

Drinking Composite 10 10 10 0.2 5 5 500 N/A 450 6 

23S/25E-08G01 
(724662) 

Mixed Upper 10 10 10 0.2 5 5 500 69 450 6 

PIDGSA-01 U Agricultural Upper N/A 12 N/A N/A N/A N/A 500 76 450 6 

Pixley PUD CCR Drinking UNK 10 10 10 0.2 5 5 500 N/A 1,000 6 

Teviston CSD CCR Drinking UNK 10 10 10 0.2 5 5 500 N/A 1,000 6 
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3.5.2.4 Land Subsidence § 354.28(c)(5)(A); § 354.28(c)(5)(B) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (c) Minimum thresholds for each sustainability 

indicator shall be defined as follows:  

  (5) Land Subsidence. The minimum threshold for land subsidence shall be the rate and extent of 

subsidence that substantially interferes with surface land uses and may lead to undesirable results. 

Minimum thresholds for land subsidence shall be supported by the following: 

     (A) Identification of land uses and property interests that have been affected or are likely to be 

affected by land subsidence in the basin, including an explanation of how the Agency has determined 

and considered those uses and interests, and the Agency's rationale for establishing minimum 

thresholds in light of those effects. 

     (B) Maps and graphs showing the extent and rate of land subsidence in the basin that defines the 

minimum threshold and measurable objectives. 

The minimum threshold for each RMS associated with the Groundwater Quality Sustainability 

Indicator have been quantified using the same data set described in Section 3.5.1.4 of this Plan. 

 

3.5.2.4.1 Process for Determining Minimum Threshold 

The following four (4) steps detail the process for setting minimum threshold at each RMS. 

 

Step 1: Utilize the Chart created for each RMS well based on process for establishing the 

interim milestones and measurable objective which assumes average hydrology. 

Step 2: Calculate the change in land subsidence during the most recent 10-year drought 

period (2007-2016) from historical land subsidence data, interpolated to the RMS. 

Step 3:  Deduct the calculated change in land subsidence during drought conditions from 

the lowest projected interim milestone during the initial 10-year plan 

implementation period (2020 - 2030). 

 
Step 4: Establish the minimum threshold for land subsidence for the entire plan 

implementation period as a single value below the interim milestones and 

measurable objective.  The difference between the interim milestones and 

measurable objective is the operational flexibility established at each RMS. 

 

3.5.2.4.2 Quantifiable Minimum Thresholds 

Using the process described, a graph was established at each RMS location (Appendix 3-C:  

RMS Land Subsidence Graphs), and from the graph, the quantifiable minimum thresholds were 

established, summarized in   
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Table 3-12:  Land Subsidence Minimum Thresholds by RMS Location.   
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Table 3-12:  Land Subsidence Minimum Thresholds by RMS Location 

RMS ID 
Minimum Threshold 

Ground Surface Elevation (ft asml) 

P0007_B_RMS 200 

P0008_B_RMS 224 

P0009_B_RMS 195 

P0010_B_RMS 193 

P0011_B_RMS 210 

P0025_B_RMS 270 

P0026_B_RMS 275 

P0027_B_RMS 252 

P0028_B_RMS 276 

P0029_B_RMS 281 

P0036_B_RMS 321 

P0037_B_RMS 322 

 

The minimum thresholds at these RMS represent conditions that, if experienced, could generate 

significant and unreasonable undesirable results. 

 

Additionally, using the Groundwater Flow Model, a map of the Agency identifying the potential 

land subsidence that would occur using the minimum threshold values is shown in Figure 3-3:  

Land Subsidence Map at Minimum Thresholds.   
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Figure 3-3:  Land Subsidence Map at Minimum Thresholds 

 

3.5.2.5 Minimum Threshold Potential Effects 

The following sections describe the potential effects the minimum thresholds might have to other 

sustainability indicators, other GSAs, other subbasins, the beneficial users within the Agency and 

government agency standards. 

 

3.5.2.5.1 Minimum Threshold Relationship Between Sustainability Indicators § 

354.28(b)(2) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (b) The description of minimum thresholds shall 

include the following: 

  (2) The relationship between the minimum thresholds for each sustainability indicator, including an 

explanation of how the Agency has determined that basin conditions at each minimum threshold will 

avoid undesirable results for each of the sustainability indicators. 

Although each of the sustainability indicators were evaluated independently with different 

measurement methodologies, the overall Groundwater Flow Model prepared includes the projects 

and project management actions which establish a common basis.  Groundwater elevations 

generally also affect each of the sustainability indicators, and the groundwater elevations 

established at the various RMS wells helped establish the numerical values for the other 

sustainability indicators. 
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During the plan implementation period, the Agency plans to adaptively manage based on the data 

collected from the monitoring program.  If one set of data for one sustainability indicator can be 

correlated to contributing to a minimum threshold of another sustainability indicator, projects or 

management actions will be revised to prevent further issues. 

 

3.5.2.5.2 Effects on Adjacent Basins § 354.28(b)(3) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (b) The description of minimum thresholds shall 

include the following: 

  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 

basins or affecting the ability of adjacent basins to achieve sustainability goals. 

The Agency is a party to the Tule Subbasin Coordination Agreement, to coordinate minimum 

thresholds and measurable objectives within the Subbasin.  The minimum thresholds for the 

applicable sustainability indicators in the Tule Subbasin were established based on the proposed 

projects and management actions for achieving the subbasin sustainability goal by 2040. As a 

result, groundwater flow is expected to return to the natural groundwater gradient, northeast to 

southwest, leading to reduced subbasin groundwater inflow from adjacent basins.  As 

groundwater elevations are stabilized to natural conditions during the Plan Implementation period, 

adjacent basins should not be affected by the Agency.  As data is collected during the Plan 

implementation period, the Tule Subbasin GSAs, including Agency will adapt and amend projects 

and management actions to achieve the sustainability goal.   

 

3.5.2.5.3 Effects on Beneficial Uses § 354.28(b)(4) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (b) The description of minimum thresholds shall 

include the following: 

  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or 

land uses and property interests. 

• . 
 

Based on groundwater level and land subsidence projections from the Tule Subbasin 

groundwater flow model and analysis of potential impacts of the additional groundwater 

level decline and land subsidence projected for the transition period from 2020 to 2040 

(see Attachments 4 and 6, Tule Subbasin Setting), the Agency developed Sustainable 

Management Criteria for each of the sustainability indicators to avoid undesirable 

results in consideration of the beneficial uses of groundwater and the beneficial users of 

these supplies and facilities:  

 

• Municipal and Domestic Supply 

• Agricultural Supply 

• Industrial Supply 

• Critical Infrastructure, including the Friant-Kern Canal (FKC) 
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The Sustainable Management Criteria identified to avoid undesirable results were vetted 

through a public process that included multiple stakeholder workshops, meetings, and 

document review.  While the sustainable management criteria are protective of 

undesirable results for most beneficial uses and users, during the transition period 

between 2020 and 2040, the Tule Subbasin GSAs will adopt a Mitigation Program or 

Programs consistent with the Framework attached hereto as Attachment 7 of the Tule 

Subbasin Setting. 

 

3.5.2.5.4 Existing Standards § 354.28(b)(5) 

23 Cal. Code Regs. § 354.28 Minimum Thresholds. (b) The description of minimum thresholds shall 

include the following: 

  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum 

threshold differs from other regulatory standards, the Agency shall explain the nature of and basis for 

the difference. 

Federal, state or local standards were used to establish the minimum thresholds for degradation 

of groundwater quality.  
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Appendix  3-A: RMS Groundwater Level 

Hydrographs 
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Appendix  3-B: COC Groundwater Quality Isocontour 

Maps
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4.1 Introduction to Monitoring Networks § 354.32 
23 Cal. Code Regs. § 354.32 Introduction to Monitoring Networks. This Subarticle describes the 
monitoring network that shall be developed for each basin, including monitoring objectives, monitoring 
protocols, and data reporting requirements. The monitoring network shall promote the collection of data 
of sufficient quality, frequency, and distribution to characterize groundwater and related surface water 
conditions in the basin and evaluate changing conditions that occur through implementation of the Plan. 

The GSAs in the Tule subbasin have prepared a coordinated Monitoring Plan, the Tule Subbasin 
Monitoring Plan1, as Attachment 1 to the Tule Subbasin Coordination Agreement (Appendix 
A)2. This section of the Plan summarizes the Tule Subbasin monitoring network by providing 
reference to the Tule Subbasin Monitoring Plan (TSMP) and, providing any additional information 
that directly relates to the Agency monitoring network for each sustainability indicator applicable 
to the Tule Subbasin.  
 

4.2 Monitoring Network  
4.2.1 Monitoring Network Objective § 354.34(a); § 354.34(b) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (a) Each Agency shall develop a monitoring 
network capable of collecting sufficient data to demonstrate short-term, seasonal, and long-term trends 
in groundwater and related surface conditions, and yield representative information about groundwater 
conditions as necessary to evaluate Plan implementation. 
(b) Each Plan shall include a description of the monitoring network objectives for the basin, including an 
explanation of how the network will be developed and implemented to monitor groundwater and related 
surface conditions, and the interconnection of surface water and groundwater, with sufficient temporal 
frequency and spatial density to evaluate the affects and effectiveness of Plan implementation. 

The objectives used in developing the subbasin monitoring plan are provided Chapter 1.1 of the 
Tule Subbasin Monitoring Plan. 
 
4.2.1.1 Progress Towards Achieving Measurable Objective § 354.34(b)(1); § 

354.34(b)(2); § 354.34(b)(3); § 354.34(b)(4) 
23 Cal. Code Regs. § 354.34 Monitoring Network. (b) …The monitoring network objectives shall be 
implemented to accomplish the following: 
  (1) Demonstrate progress toward achieving measurable objectives described in the Plan. 
  (2) Monitor impacts to the beneficial uses or users of groundwater. 
  (3) Monitor changes in groundwater conditions relative to measurable objectives and minimum 
thresholds. 
  (4) Quantify annual changes in water budget components. 

Annually the Agency will prepare reports documenting the results from the prior year monitoring 
activities. Utilizing the data collected each year, the Tule Subbasin Data Management System 

 
1 Tule Subbasin Monitoring Plan., 2019 
2 Tule Subbasin Draft Cordination Agreement, August 2019 



Pixley Irrigation District GSA  GSP | Section 4 

4-3 Add_07.01.2022 

and the Groundwater Flow Model will be updated and calibrated to match current groundwater 
conditions.  This data and groundwater flow model will be evaluated each year to quantify any 
changes to the Agencies water budget components.  
 
Each year during the Plan implementation period, results from annual monitoring will be compared 
to the interim milestones and minimum threshold numerical targets established in Section 3 of 
this Plan.  The interim milestones for the various sustainability indicators may be adjusted to adapt 
to the data collected if the numerical values remain in the operational flexibility above the minimum 
threshold.  If data indicates an exceedance of a minimum threshold, adjustments to the Project 
and Management Actions described under Section 5 will be evaluated by the Pixley ID GPC. 
 
Minimum thresholds, interim milestones, and measurable objectives were established at each 
RMS within the Agency and quantitative value for minimum thresholds and measurable objectives 
are provided in Section 3.5 of this Plan. Criteria for selecting RMS were based on the Agency 
established management areas which correlate to the beneficial users of groundwater within the 
area. Additional discussion for potential impacts to beneficial users of groundwater relative to the 
established minimum threshold for each of the applicable sustainability indicators is provided in 
Section 1.4.3, Section 2.5 and Section 3.5 of this Plan.  
 
4.2.2 Monitoring Network Design § 354.34(j) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (j) An Agency that has demonstrated that 
undesirable results related to one or more sustainability indicators are not present and are not likely to 
occur in a basin, as described in Section 354.26, shall not be required to establish a monitoring network 
related to those sustainability indicators. 

The Agencies monitoring network has been established to monitor data from the four (4) 
sustainability indicators that may have potential to cause significant and unreasonable effects 
within the Tule Subbasin (defined in Section 3.4), including:  
 

• Chronic lowering of groundwater levels  
• Reduction of groundwater storage; 
• Degraded water quality, and 
• Land subsidence. 

 
The sustainability indicators of seawater intrusion and depletion of interconnected surface water 
are not applicable to the Tule Subbasin (Section 3.4). 
 
The following sections provide a brief summary of the process, information and procedures that 
were incorporated into the development of the Agencies monitoring network and is supported by 
the TSMP, which was developed for all GSAs within the Tule Subbasin to meet the requirements 
of SGMA regulation pertaining to the monitoring networks.  
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The TSMP is intended to adapt to the data being collected, allowing for the addition or removal of 
monitoring features, changes in monitoring frequency, and update to alternative monitoring 
methodologies, as the monitoring evolves during the Plan Implementation period. 
 
4.2.2.1 Monitoring Network Rationale § 354.34(g)(1)(3) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (g) Each Plan shall describe the following 
information about the monitoring network: 
  (1) Scientific rationale for the monitoring site selection process. 
  (3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable 
objective, and interim milestones that will be measured at each monitoring site or representative 
monitoring sites established pursuant to Section 354.36.  

The rationale and process for selecting RMS is described in Chapter 2.0 of the TSMP relative to 
the sustainability indicator being described.  
 
The minimum thresholds, measurable objectives and interim milestones for the four (4) applicable 
sustainability indicators have been established at the RMS within the Agencies management 
areas and the quantitative values are listed in Section 3.5 of this Plan. 
 
4.2.2.2 Spatial Density and Frequency of Measurement § 354.34(d); § 354.34(f)(1); § 

354.34(f)(2); § 354.34(f)(3); § 354.34(h) 
23 Cal. Code Regs. § 354.34 Monitoring Network. (d) The monitoring network shall be designed to 
ensure adequate coverage of sustainability indicators. If management areas are established, the 
quantity and density of monitoring sites in those areas shall be sufficient to evaluate conditions of the 
basin setting and sustainable management criteria specific to that area.  
(f) The Agency shall determine the density of monitoring sites and frequency of measurements required 
to demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
  (1) Amount of current and projected groundwater use. 
  (2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical 
characteristics that affect groundwater flow. 
  (3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected 
by groundwater production, and adjacent basins that could affect the ability of that basin to meet the 
sustainability goal. 
 (h) The location and type of each monitoring site within the basin displayed on a map, and reported in 
tabular format, including information regarding the monitoring site type, frequency of measurement, and 
the purposes for which the monitoring site is being used. 

The locations of RMS sites in the subbasin are provided in Figure A1-2, Figure A1-5, Figure A1-
7, Figure A1-8, and Figure A1-9, with additional details listed in Table A1-1, Table A1-2, Table 
A1-3, and Table A1-6 of the TSMP.  
 
The criteria considered during selection of RMS location included primarily: aquifer 
characteristics, current and projected groundwater uses, and beneficial uses and users of 
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groundwater and is discussed throughout Chapter 2.0 of the TSMP for each sustainability 
indicator.  
 
Existing monitoring features and monitoring network wells were utilized as RMS if the technical 
data of these sites was adequate for purposes of the monitoring network under this Plan.  The 
areas where existing monitoring features and networks did not provide adequate coverage of 
sustainability indicators were identified as data gaps in Chapter 4.0 of the TSMP, and 
recommended monitoring features needed to assess data gaps were provided. 
 
The locations and frequency measurement of RMS sites are described in Section 4.2.3.  
 
4.2.2.3  Monitoring Protocols and Reporting Standards § 354.34(g)(2); § 354.34(i) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (g) Each Plan shall describe the following 
information about the monitoring network:  
  (2) Consistency with data and reporting standards described in Section 352.4. If a site is not consistent 
with those standards, the Plan shall explain the necessity of the site to the monitoring network, and how 
any variation from the standards will not affect the usefulness of the results obtained. 
(i) The monitoring protocols developed by each Agency shall include a description of technical 
standards, data collection methods, and other procedures or protocols pursuant to Water Code Section 
10727.2(f) for monitoring sites or other data collection facilities to ensure that the monitoring network 
utilizes comparable data and methodologies. 

Throughout Chapter 2.0 of the TSMP, monitoring protocols relative to each sustainability indicator 
are described in the corresponding subchapters. Additionally, a subbasin wide data management 
system (DMS) is described (see Chapter 5.0, TSMP) to provide a consistent database amongst 
the Tule Subbasin GSAs for data and reporting standards. 
 
4.2.2.4 Existing Monitoring § 354.34(e); § 354.34(f)(4)

23 Cal. Code Regs. § 354.34 Monitoring Network. (e) A Plan may utilize site information and
monitoring data from existing sources as part of the monitoring network.

(f) The Agency shall determine the density of monitoring sites and frequency of measurements required 
to demonstrate short-term, seasonal, and long-term trends based upon the following factors:
  (4) Whether the Agency has adequate long-term existing monitoring results or other technical 
information to demonstrate an understanding of aquifer response.

Existing water resource monitoring and management programs specific to the Agency that were 
incorporated into the TSMP were introduced and described in Section 1.4.9 of this Plan. Table 
A1-7 in Chapter 5.3 of the TSMP list existing data sources and monitoring programs that are 
coordinated with the Tule Subbasin monitoring networks.
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4.2.3 Representative Monitoring § 354.36(a); § 354.36(b)(1); § 354.36(b)(2); § 354.34(c)

23 Cal. Code Regs. § 354.36 Representative Monitoring. Each Agency may designate a subset of 
monitoring sites as representative of conditions in the basin or an area of the basin, as follows:
(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability 
indicators are monitored, and for which quantitative values for minimum thresholds, measurable 
objectives, and interim milestones are defined.
(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the 
Agency demonstrates the following:
  (1) Significant correlation exists between groundwater elevations and the sustainability indicators for 
which groundwater elevation measurements serve as a proxy.
  (2) Measurable objectives established for groundwater elevation shall include a reasonable margin of 
operational flexibility taking into consideration the basin setting to avoid undesirable results for the 
sustainability indicators for which groundwater elevation measurements serve as a proxy.
(c) The designation of a representative monitoring site shall be supported by adequate evidence 
demonstrating that the site reflects general conditions in the area.

Chapter 3.0 of the TSMP describes representative monitoring in the Tule Subbasin by identifying 
one or more RMS within each management area for monitoring one or multiple sustainability 
indicators. Section 4.2.1.1 through Section 4.2.3.6  of this Plan reference the TSMP chapter for 
the corresponding sustainability indicator and further provides a list of each RMS in the Agency 
including identifying the management area the RMS is assigned to represent. 
Management areas within the AGency were introduced in Section 1.4.3 of this Plan and further 
described in Section 2.5.  In summary, the area covered by this Plan has been divided into two 
(2) management areas corresponding to the jurisdictional status and principle land use of those 
respective areas. The management areas are shown on Figure 1-4 in Section 1.4.3 of this Plan 
and consist of: 
 

1. Jurisdictional boundary of thePixley Irrigation District 
2. Jurisdictional boundaries of the following two (2) agencies: 

2.1. Pixley Public Utility Districts 
2.2. Teviston Community Service District 

 
4.2.3.1 Chronic Lowering of Groundwater Levels § 354.34(c)(1)(A); § 354.34(c)(1)(B) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to 
accomplish the following for each sustainability indicator: 
  (1) Chronic Lowering of Groundwater Levels. Demonstrate groundwater occurrence, flow directions, 
and hydraulic gradients between principal aquifers and surface water features by the following methods: 
     (A) A sufficient density of monitoring wells to collect representative measurements through depth-
discrete perforated intervals to characterize the groundwater table or potentiometric surface for each 
principal aquifer. 
     (B) Static groundwater elevation measurements shall be collected at least two times per year, to 
represent seasonal low and seasonal high groundwater conditions. 
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Groundwater levels will be monitored as described in Chapter 2.1 of the TSMP. The Agency will 
monitor groundwater levels at RMS within management areas shown on Figure 4-1. The methods 
used to establish the RMS and the frequency of monitoring are discussed in Chapter 3.0 of the 
TSMP. Existing and proposed RMS identified for monitoring groundwater levels in the upper and 
lower aquifer in the Tule Subbasin are included in Table A1-1 and Table A1-3 and mapped in 
Figure A1-2 and Figure A1-5 of the TSMP.
 
Within the Plan area, nine (9) RMS wells have been identified for monitoring groundwater levels 
semiannually (spring and fall). Table 4-4 list these RMS wells and describes the aquifer and 
management area the monitoring site is representative of, and well construction details. 

Figure 4-1: RMS for Monitoring Groundwater Levels 
 

Table 4-1: RMS for Monitoring Groundwater Levels 

RMS Well ID Management Area Aquifer Total Depth 
(ft bgs) 

Top of Screen 
(ft bgs) 

Bottom of Screen 
(ft bgs) 

22S/23E-23J01 Pixley ID Service Area Upper 400 Unknown Unknown 
22S/23E-25N01 Pixley ID Service Area Upper 437 Unknown Unknown 
23S/24E-28J02 Pixley ID Service Area Upper 500 200 500 

23S/25E-16N04* Teviston CSD Upper 250 200 240 
23S25E-08G01 Pixley ID Service Area Lower 420 320 420 

TSS PIDGSA-01 U Pixley ID Service Area Upper 260 180 260 
TSS PIDGSA-01 L Pixley ID Service Area Lower 1015 400 1005 

TSMW 1L Pixley ID Service Area Lower 1005 550 1000 
22S/25E-30 Pixley ID Service Area Lower 840 340 840 
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4.2.3.2 Reduction in Groundwater Storage § 354.34(c)(2) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to 
accomplish the following for each sustainability indicator: 
  (2) Reduction of Groundwater Storage. Provide an estimate of the change in annual groundwater in 
storage. 

Annual change groundwater storage within the Agency will estimated using either of the methods 
identified in Section 3.6 of the Tule Subbasin Coordination Agreement, utilizing groundwater level 
data as a proxy for the calculation. The estimated change in annual groundwater in storage will 
be calculated by the Groundwater Flow Model using the groundwater level data collected each 
year for each management area, the Agency and the Tule Subbasin. 
 
4.2.3.3 Seawater Intrusion § 354.34(c)(3) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to 
accomplish the following for each sustainability indicator: 
  (3) Seawater Intrusion. Monitor seawater intrusion using chloride concentrations, or other 
measurements convertible to chloride concentrations, so that the current and projected rate and extent 
of seawater intrusion for each applicable principal aquifer may be calculated. 

Seawater intrusion does not occur in the Tule Subbasin for reasons described in Chapter 2.3.3 
of the Tule Subbasin Setting. 
 
4.2.3.4 Degraded Water Quality § 354.34(c)(4) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to 
accomplish the following for each sustainability indicator: 
  (4) Degraded Water Quality. Collect sufficient spatial and temporal data from each applicable principal 
aquifer to determine groundwater quality trends for water quality indicators, as determined by the 
Agency, to address known water quality issues. 

Degraded water quality will be monitored as described in Chapter 2.4 and monitoring locations 
are shown on Figure A1-7 of the TSMP. The Agency will evaluate groundwater quality conditions 
using data collected under separate groundwater quality regulatory programs. These programs 
include public water systems, for compliance with the requirements of Title 223, Tule Basin Water 
Quality Coalition (TBWQC)4 for compliance with the requirements of General order R5-2013-0120 
and other sources that would provide additional representation of groundwater quality conditions.  
 
The Constituent of Concern (COC) vary depending on the suitability of the groundwater, whether 
agricultural or drinking water beneficial use associated with the RMS well.  Each of the COC to 
be monitored by the agency at the RMS wells within each management area to serve as indicators 
for changes in groundwater quality are identified in Section 3, Table 3-4: Constituents of 
Concern by Use.  

 
3 California Division of Drinking Water, 2018 
4 Tule Basin Water Quality Coalition (TBWQC), 2017 
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The analysis used to determine the beneficial uses at each RMS well consisted of querying DWR 
well completion reports, public water systems, and schools using ArcGIS.  The detailed 
breakdown of the steps to conduct analysis is described below.  

1. Create a layer in ArcGIS by combining data from the following:  
• Well locations and well types from DWRs Well Completion Report Mapping Application  
• Boundaries of SWDIS Public Water Systems 
• Boundaries of Community/Urban areas from LAFCO 

2. Overlay groundwater quality locations of RMS wells and create 1 mile buffer for analyzing. 

3. Summarize the data identified in step 1 relative to each groundwater quality RMS well 1-
mile buffer. 

4. Define the groundwater quality RMS well as representative of drinking water and/or 
agricultural beneficial pumping beneficial use.  

Wells types are categorized as drinking water, agricultural, or not applicable based on breakdown 
in Table 4-2: Categories of Well Types. 

Table 4-2: Categories of Well Types 
Drinking Water Agricultural Not Applicable 

Domestic Irrigation - Agricultural Cathodic Protection 
Public Other Irrigation Destruction Monitoring 

Water Supply Water Supply Irrigation - Agricultural Destruction Unknown Soil Boring 
Water Supply Domestic Water Supply Irrigation - Agriculture Monitoring 

Water Supply Public Water Supply Stock or Animal Watering Other Destruction 
  Test Well 
  Test Well Unknown 
  Unknown 
  Vapor Extraction 
  Vapor Extraction n/a 
  Water Supply Industrial 
  Blanks 
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Within the Plan area three (3) RMS have been identified for monitoring groundwater quality 
annually. Each have been designated as a drinking water RMS well or Agricultural RMS well 
based on the results from the above-described analysis and are displayed as such in Figure 4-2. 
Table 4-3:  RMS for Monitoring Groundwater Quality list these RMS and describes the aquifer, 
representative beneficial use with the corresponding COC. 

Figure 4-2: RMS for Monitoring Groundwater Quality 
 
Table 4-3: RMS for Monitoring Groundwater Quality 

RMS Well ID Management Area Aquifer Lat Long Total Depth 
(ft bgs) 

Top of 
Screen 
(ft bgs) 

Bottom of 
Screen 
(ft bgs) 

22S/25E-30 
(E0259438) Pixley ID Service Area Composite 35.99814 -119.29474 840 340 840 

23S/25E-08G01 
(724662) Pixley ID Service Area Upper 35.94577 -119.30339 420 340 420 

PIDGSA-01 U Teviston CSD Upper 35.929895 -119.232663 260 180 260 
Pixley PUD CCR Pixley PUD UNK NA NA NA NA NA 
Teviston CSD CCR Teviston CSD UNK NA NA NA NA NA 

 
4.2.3.5 Land Subsidence § 354.34(c)(5) 

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to 
accomplish the following for each sustainability indicator: 
  (5) Land Subsidence. Identify the rate and extent of land subsidence, which may be measured by 
extensometers, surveying, remote sensing technology, or other appropriate method. 



Pixley Irrigation District GSA  GSP | Section 4 

4-11 Add_07.01.2022 

Land subsidence within the Tule Subbasin will be monitored as described in Chapter 2.5 and 
monitoring locations are shown on Figure A1-8 of the TSMP.  RMS for land subsidence will 
consist of GPS monitoring sites supplemented by InSAR data when available, monitored annually. 
RMS land subsidence are shown in Figure 4-3  and listed in Table 4-4. 

Figure 4-3: RMS for Monitoring Land Subsidence 
 
Table 4-4: RMS for Monitoring Land Subsidence 

 
  

RMS ID Management Area 
GPS Coordinates 

Latitude Longitude 
P0007_B_RMS Pixley ID 35.98573 -119.39327 
P0008_B_RMS Pixley ID 35.97723 -119.33977 
P0009_B_RMS Pixley ID 35.96407 -119.39339 
P0010_B_RMS Pixley ID 35.94239 -119.38467 
P0011_B_RMS Pixley ID 35.92254 -119.34000 
P0025_B_RMS Pixley ID 36.00062 -119.26841 
P0026_B_RMS Pixley ID 35.97157 -119.25937 
P0027_B_RMS Pixley PUD 35.96946 -119.29343 
P0028_B_RMS Pixley ID 35.94254 -119.25924 
P0029_B_RMS Pixley ID 35.91914 -119.25040 
P0036_B_RMS Pixley ID 35.97165 -119.20557 
P0037_B_RMS Pixley ID 36.00253 -119.19735 
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4.2.3.6 Interconnect Surface Water § 354.34(c)(6)(A); § 354.34(c)(6)(B); § 354.34(c)(6)(C); §
354.34(c)(6)(D)

23 Cal. Code Regs. § 354.34 Monitoring Network. (c) Each monitoring network shall be designed to
accomplish the following for each sustainability indicator:
  (6) Depletions of Interconnected Surface Water. Monitor surface water and groundwater, where 
interconnected surface water conditions exist, to characterize the spatial and temporal exchanges 
between surface water and groundwater, and to calibrate and apply the tools and methods necessary 
to calculate depletions of surface water caused by groundwater extractions. The monitoring network 
shall be able to characterize the following:
  (A) Flow conditions including surface water discharge, surface water head, and baseflow contribution. 
  (B) Identifying the approximate date and location where ephemeral or intermittent flowing streams and 
rivers cease to flow, if applicable.
  (C) Temporal change in conditions due to variations in stream discharge and regional groundwater 
extraction.
  (D) Other factors that may be necessary to identify adverse impacts on beneficial uses of the surface 
water.

Interconnected surface water does not occur in the Tule Subbasin for reasons described in 
Chapter 2.2.6 of the Tule Subbasin Setting.
 

4.3 Assessment and Improvement of Monitoring Network § 
354.38(a); § 354.38(e)(1); § 354.38(e)(2); § 354.38(e)(3); § 354.38(e)(4) 

23 Cal. Code Regs. § 354.38 Assessment and Improvement of Monitoring Network. (a) Each 
Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 
assessment, including a determination of uncertainty and whether there are data gaps that could affect 
the ability of the Plan to achieve the sustainability goal for the basin. 
(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an 
adequate level of detail about site-specific surface water and groundwater conditions and to assess the 
effectiveness of management actions under circumstances that include the following: 
  (1) Minimum threshold exceedances. 
  (2) Highly variable spatial or temporal conditions. 
  (3) Adverse impacts to beneficial uses and users of groundwater. 
  (4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede 
achievement of sustainability goals in an adjacent basin. 

Chapter 4.0 of the TSMP provides the following general statement regarding the monitoring 
network developed for the Tule Subbasin: 
 

“The TSMP is both flexible and iterative, allowing for the addition or subtraction of monitoring 
features, as necessary, and to accommodate changes in monitoring frequency and alternative 
methodologies, as appropriate.” 
 

Annually, data would be collected that will provide for a better understanding of the groundwater 
conditions in the Tule Subbasin and how the actual groundwater conditions react to the projects 
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and management actions proposed by each GSA within the subbasin. At a minimum, the 
monitoring network will be evaluated on 5-year basis and adjustments will be made accordingly. 
Additionally, when minimum threshold exceedances or adverse impacts to beneficial uses and 
users of groundwater within and adjacent to the subbasin occur, the monitoring networks will be 
evaluated for potential improvement to better understand the sources and causation leading to 
these occurrences. 
  

4.3.1 Data Gaps § 354.38(b); § 354.38(c)(1); § 354.38(c)(2); § 354.38(d) 
23 Cal. Code Regs. § 354.38 Assessment and Improvement of Monitoring Network. (b) Each 
Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring 
sites, does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, 
including those that do not satisfy minimum standards of the monitoring network adopted by the Agency. 
(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
  (1) The location and reason for data gaps in the monitoring network. 
  (2) Local issues and circumstances that limit or prevent monitoring. 
(d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year 
assessment, including the location and purpose of newly added or installed monitoring sites. 

Chapter 4.1 in the TSMP identifies data gaps with the Tule Subbasin and provides recommended 
features to address the data gaps. 
 
Of the data gaps described in Chapter 4.1, groundwater monitoring is the predominant data gap 
within the Agency.  To address the data gaps, new dedicated monitoring wells have been 
identified for monitoring the various aquifers within Agency and are described in Chapter 2.1.1.1 
and shown in Figure A1-2 for the upper aquifer and in Chapter 2.1.1.2 and Figure A1-5 of the 
TSMP.  Funding generating during the Plan Implementation Period, described in Section 6 of this 
Plan, may be used to further develop the monitoring features where there are data gaps. 
 

4.4 Reporting Monitoring Data to the Department § 354.40 
23 Cal. Code Regs. § 354.40 Reporting Monitoring Data to the Department. Monitoring data shall 
be stored in the data management system developed pursuant to Section 352.6. A copy of the 
monitoring data shall be included in the Annual Report and submitted electronically on forms provided 
by the Department. 

Chapter 5.0 of the TSMP provides a detailed description of the Tule Subbasin Data Management 
System, that each of the GSAs will utilize for reporting monitoring data according to the 
standardized monitoring protocols at RMS discussed within this Plan. 

Data stored in the DMS will be assembled in standardized formats as required for the annual and 
5-year reports to the Department. 
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5.1 Introduction § 354.42 

23 Cal. Code Regs. § 354.42 Introduction to Projects and Management Actions.  This Subarticle 

describes the criteria for projects and management actions to be included in a Plan to meet the 

sustainability goal for the basin in a manner that can be maintained over the planning and 

implementation horizon. 

Pursuant to §354.42 of the SGMA Regulations1, this section describes the criteria for projects and 

management actions that the Agency, the District, and/or its stakeholders intend to undertake in 

order to achieve the sustainability goal of the Tule Subbasin over the planning and implementation 

horizon by achieving one or more of the following criteria:  

• Increase available water supplies; 

• Optimize existing water supplies; 

• Decreased consumptive use of non-sustainable groundwater supplies to reduce overdraft; 

• Groundwater levels sustained to sustainable management criteria quantified in this Plan; 

• Reduction or cessation of subsidence near critical infrastructure; 

• Stabilized water quality for agronomic and municipal beneficial uses;  

• Maintain agriculture operations and economic stability; 

• Funding for local water management; and/or 

• Improved collection and management of water related data within the Agency. 

5.2 Agency Projects and Management Actions § 354.44 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (a) Each Plan shall include a 

description of the projects and management actions the Agency has determined will achieve the 

sustainability goal for the basin, including projects and management actions to respond to changing 

conditions in the basin. 

The projects and management actions of the Agency to achieve the sustainability goal for the 

Tule Subbasin primarily include: 

 

• Development of accounting tools to efficiently administrate and collect data that can be 

provided to its member agencies and stakeholders.  This database and accounting 

platform will provide accurate information to assist the Agency to adaptively manage and 

develop policy to implement SGMA, and provide ongoing data identifying the changing 

conditions in the Agency. 

• Member Agency or Landowner Projects, such as water supply optimization, surface water 

development, managed aquifer recharge and banking, and agriculture land retirement. 

 
1 The Department of Water Resources has adopted regulations to specify the components of groundwater 
sustainability plans, alternatives to groundwater sustainability plans, and coordination agreements prepared 
pursuant to SGMA.  These regulations, found at 23 CCR §350-358.4, are referred to herein as the SGMA 
Regulations 
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These following sections include the Management Area(s) (defined in Section 1.4.3) to implement 

the Project and Management Actions. 

 

Additionally, pursuant to SGMA §10721(f), the governing body of the Agency is the legislative 

body that formed the GSA, in this case the Board of Directors of the Pixley Irrigation District. For 

any action identified in this Section for which the Agency is indicated as the Lead Agency, all 

subsequent decisions to implement actions, will be made by the Pixley Irrigation District Board of 

Directors, sitting as the governing body of the Agency. 

 

5.2.1 Agency Groundwater Accounting Action § 354.44(a) 

23 Cal. Code Regs. § 354.44 Projects and Management Actions.  (a) Each Plan shall include a 

description of the projects and management actions the Agency has determined will achieve the 

sustainability goal for the basin, including projects and management actions to respond to changing 

conditions in the basin. 

The Agency has developed a groundwater allocation and accounting system that tracks each of 

the Management Areas within a Central Database.  The accounting system tracks surface water 

and groundwater use, surface water and groundwater allocations and can be used to develop 

water budgets for individual landowners. The system allows  the Agency to: 

 

• Comprehensively account for groundwater use within its jurisdiction; 

• Develop a database of groundwater information to inform future policy; 

• Establish a cap for groundwater consumptive use to facilitate a gradual reduction in total 

local groundwater use during the Plan Implementation Period; 

• Encourage groundwater recharge to increase the total volume of water available for 

current and future uses;  

• Utilize the groundwater accounting to develop funding sources based on groundwater 

usage, where funding generated can be used for projects and management actions of the 

Agency, its member agencies, or landowners; and/or 

• Improve quantities, quality, and transparency of relevant regional water management 

data. 

 

Implementation of successful groundwater allocation, accounting, and database actions will, in 

general, help account for the actual consumption of groundwater supplies to gradually reduce 

overdraft during the Plan implementation period within the Agency. 

 

Key components of this accounting system include: 

 

• Identification of the groundwater users and their available allocations of groundwater; 

• Collecting accurate groundwater extraction data from all groundwater users, as the 

landowners within the Agency utilize surface water and/or groundwater to meet the needs 

of the business operations and producing agricultural products. A key component to 

manage the sustainability of groundwater is to measure quantitatively the total amount of 
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water used by each landowner. The Agency  utilizes satellite imagery to determine crop 

demands at the landowner level, or alternative groundwater pumping meter, as outlined 

in the Coordination Agreement;

• Determination of the gradual method for reducing total groundwater use until sustainable

levels are reached;

• Determination of monitoring, debiting, crediting, and carry-over policies and mechanisms;

• Incorporation of groundwater recharge activities through policies and monitoring that

validate such activities and credit respective entities for groundwater banking;

• Establishment of rules to transfer water allocations and other groundwater credits to

optimize the use of available groundwater resources;

• Options to adjust rules pertaining to allocations and transfers, to manage adaptively and

sustainably according to best available data;

• Use of charges and fees to finance the system’s operation, Agency administration,

monitoring, and mitigation measures (in the form of projects, payments, and/or claims); 

and

• Enforcement to ensure compliance with the rules established to achieve sustainability. 

Specific policies of the actions described above have been adopted by the Agency, and

adaptively managed based on the data collected from the monitoring program.  These 

policies are available on the Agency website; http://www.ltrid.org/wp-

content/uploads/_pdf/sgma/PID_GSA_policies_Nov_2021_update.pdf

As noted above, for purposes of creating a water budget pursuant to 23 Cal. Code Regs. §354.18, 

the GSAs in the Tule Subbasin have agreed that, for water budget accounting purposes, the 

Sustainable Yield for the Subbasin shall be divided amongst the GSAs for purposes of 

development of their GSPs as described in the attached water budget.  The basin-wide portion of 

the Sustainable Yield identified in the water budget was divided amongst each GSA by multiplying 

that GSA’s proportionate areal coverage of the Tule Subbasin times the total Subbasin 

Sustainable Yield.

In a similar manner, this Management Action (the creation of a Groundwater Accounting System) 

is intended to implement a division of the sustainable yield amongst affected landowners on the 

basis of a landowner’s proportionate areal coverage of the GSA area times that portion of the 

Subbasin Sustainable Yield assigned to the GSA under the Coordination Agreement.  This 

method of division of the GSA’s portion of Subbasin Sustainable yield is consistent with Irrigation 

District law related to District water supplies in general.

The water budget to be divided amongst the GSA landowners under this Management Action is 

not an allocation or final determination of any water rights (including claimed appropriative or 

prescriptive rights).  This understanding is consistent with § 10720.5(b) of SGMA, which provides 

that nothing in SGMA or in a plan adopted under SGMA determines or alters surface or 

groundwater rights under common law or any provision of law that determines or grants surface 

water rights.  Rather, the use of the proportional acreage basis for dividing up the water budget 

for accounting purposes, will be used because it represents the most readily available and 

implementable manner of accounting for the water budget for GSP purposes at this time, without
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the need for determining specific water rights, which would be controversial and time consuming 

and could not be completed in the time frames applicable to GSP development.

Similar to the Subbasin, the GSA will be collecting additional data and will consider refining or 

changing the method of dividing Sustainable Yield for internal GSA water budget purposes in 

future updates, including the potential use of historic pumping data if such data is both available 

and is agreed to be used as the basis for division

The GSA recognizes that the Friant Kern Canal (“FKC”) is among the most important critical 

infrastructure features that has been and will continue to be affected by subsidence.  Along with 

the other GSA’s in the Tule Subbasin, the PIXIDGSA has been part of the discussions on finding 

solutions to mitigate for future FKC subsidence. The relationship between groundwater use 

specifically within the GSA’s planning area and subsidence of the FKC is still being studied and 

developed at the Subbasin level.  As the FKC subsidence mitigation issues, and the relative 

impact of groundwater use as amongst the various regions of the Subbasin, become better 

defined, the GSA may consider adopting a specific policy that calls for the use of a reasonable 

portion of the transitional pumping fees, or other GSA related fees, for mitigation of future FKC 

subsidence.  In cooperation with the Eastern Tule GSA, PIXIDGSA has developed a Land 

Subsidence Management Area along the Friant Kern Canal. As further analysis continues to 

identify the causes of subsidence along the FKC and relative impacts from Pixley GSA, the 

Agency will adaptively update the management actions identified in the GSP , while monitoring 

and tracking transitional consumption continues. During 2021, the GSA entered into a settlement 

agreement regarding transitional overdraft consumption and anticipated subsidence 

damages/repairs to the Friant Kern Canal with the Friant Water Authority, to mitigate impacts to 

the canal caused by groundwater pumping in the Pixley GSA.

The Agency, in coordination with the other GSAs in the subbasin, approved a mitigation 

framework, attached to the Coordination Agreement as Attachment 7 of Appendix A, to address 

and mitigate impacts related to overdraft, including subsidence.  The Agency will develop and 

implement a mitigation program, consistent with the framework, to address and mitigate impacts 

related to subsidence (described more fully as the “Mitigation Program Action” detailed in      

section 5.2.6   below).. . In concept, the development of a defined FKC subsidence               

management area within the Tule Subbasin, with specific minimum thresholds and management 

actions for that management area, is an action for future consideration by the GSA Board and 

by the governing boards of other GSAs within the Tule Subbasin.

5.2.1.1 Lead Entity 

Pixley Irrigation District GSA (or “Agency”) 

5.2.1.2 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 
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and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

This Action will generally benefit the following sustainability indicators: groundwater elevations, 

groundwater change in storage, groundwater quality, and land subsidence.  

5.2.1.3 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

Given the general condition and associated effects of critical overdraft prevailing within the Tule 

Subbasin (see Section 2 – Basin Setting), the Agency has already acted to develop and 

implement the Groundwater Accounting Action, including a system for use tracking and fees for 

transitional water consumption (the temporary use  of water above what would be considered 

sustainable in 2040, described in Section 5.2.1.5)..  The use of the data generated with the 

accounting system will also provide the information to trigger updates to policy and further actions 

by the Agency GPC and Board. 

5.2.1.4 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

During the planning phase of this Plan, the accounting and database system was a significant 

focus and discussion amongst the GPC and the stakeholders. The Agency has engaged and 

undertaken outreach with stakeholders in the form of meetings, public presentations, website 

resources, interested parties list, digital correspondence, and regularly scheduled GPC meetings 

to ensure that the public was informed and invited to participate in the development of the 

accounting system to track water use and landowner water budgets.  

 

Public noticing, engagement, and involvement continues to occur following adoption and 

implementation of this Plan during the Board of Directors and GPC meetings as required under 

the Ralph M. Brown Act. 

 

Public noticing related to the implementation of any fees, charges, or assessments would be 

compliant with the requirements of SGMA, Proposition 218, and/or such other laws as they may 

apply. 
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5.2.1.5 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 

This Action accounts for the annual groundwater use to help track towards a sustainable limit 

through the gradual reduction of groundwater pumping within the Agency during the 20-year plan 

implementation period.  

 

The projected water budget impact of this Action is based on the current estimated consumptive 

use of the Agency identified in the Water Budget summarized in Section 2: Basin Setting, and 

reducing the groundwater pumped above the sustainable limit per the schedule summarized in 

Table 5-1: Proposed Reduction in Groundwater Use  Plan Implementation. 

 

Table 5-1: Proposed Reduction in Groundwater Use During Plan Implementation  

Groundwater Consumptive Use Allowed Above Sustainable Yield 

2021-2025 2026-2030 2031-2035 2035-2040 

2 Acre-Feet 1.5 Acre-Feet 1.0 Acre-Feet 0.5 Acre-Feet 

 

The transitional pumping accounting system has been implemented as an element of the policies 

that establish the Agency Groundwater Accounting Action as described in section 5.2.1 above. 

As part of these policies, the GSA has implemented a fee schedule associated with a temporary 

consumptive use of groundwater above allocated sustainable yield. As additional projects and 

management actions are implemented or are not implemented by the landowners and member 

agencies, adjustments to this gradual ramp down schedule and fee schedule will be made by the 

Agency to ensure sustainability is achieved by the end of the Plan Implementation period. 

5.2.1.6 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

Pursuant SGMA, groundwater management implemented by the Agency shall be consistent with 

Section 2 of Article X of the California Constitution and shall not determine or alter water rights 

(WAT § 10720.5). 

 

Implementation of the accounting system and gradual reduction of pumping during the 

implementation period are not subject to CEQA or NEPA.  Projects developed to implement the 

policy may be subject to CEQA and/or NEPA depending on the member Agency undertaking the 

project and the nature of the projects. 
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Fees, charges and assessments associated with this Action would likely be subject to the 

requirements SGMA, Proposition 218, and/or other laws that might apply.  

5.2.1.7 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 

Implementation of this Action occurred in February 2020. Full implementation of this Action 

including fees associated with consumption of groundwater above allocated sustainable yield, 

occurred in January 2021, with the total volume of allowable groundwater extractions ramping 

down in five-year increments beginning in the 2020 Water Year. 

 

The Agency implemented the Action as follows:  

 

• Prior to February 2020: Designed, structured, and developed comprehensive Data 

Management System (hereafter, “DMS”) for facilitating member management, billing, and 

groundwater accounts 

 

• February 2020:  Began tracking groundwater extractions by landowner. 

• February 2020: Implemented Accounting System for landowners to utilize. 

• 2020 and ongoing: Outreach to groundwater users, landowners, public water systems, 

and all other potentially impacted stakeholders on accounting system requirements and 

necessary compliance procedures, updates to system as needed. 

• January 1, 2021 – Initiated Full Accounting System and implementation of collection of 

groundwater fees. 

5.2.1.8 Anticipated Benefits § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

It is anticipated that the primary benefit resulting from this Action would be the reduction of 

groundwater overdraft over time within the Agency until average annual groundwater use meets 

a sustainable limit threshold and is maintained within this limit for the remainder of the 

implementation horizon. Ancillary benefits include mitigating the decline of local groundwater 

levels and mitigating the occurrence of other conditions associated with declining groundwater 

levels, such as subsidence and the migration of contaminant plumes. 

 

Benefits to relevant sustainability indicators and their associated measurable objectives will be 

evaluated per the monitoring programs and procedures described in the Tule Subbasin Monitoring 
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Plan (Appendix A, Tule Subbasin Coordination Agreement). Regular reporting by 

groundwater users, surface water users, Member Agencies, and all others required to participate 

in this Action or otherwise provide data as it relates to this Action will allow the Agency to 

appropriately assess the achievement of this Action’s primary benefit.  

 

Isolating the effects of this specific Action to relevant sustainability indicators will be difficult due 

to the other Actions contemplated to be implemented concurrently within Agency and the 

remainder of the Tule Subbasin. 

5.2.1.9 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

This Action has been accomplished according to the process described in Section 5.2.1.7 

Timeline.  The objective of this Action is to reduce groundwater overdraft during the Plan 

Implementation period by gradually reducing pumping while adapting to data collected.   

5.2.1.10 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

As a Groundwater Sustainability Agency formed pursuant SGMA, the Agency may exercise 

authority to: 

 

• Require the registration of groundwater extraction facilitates [WAT § 10725.6]; 

• Impose spacing requirements on new wells and reasonable operating regulations on 

existing wells [WAT § 10726.4(a)(1)]; 

• Control groundwater extractions by regulating, limiting, or suspending groundwater 

extractions [WAT § 10726.4(a)(2)];  

• Authorize temporary and permanent transfers of groundwater extraction allocations within 

the Agency [WAT § 10726.4(a)(3)]; 

• Establish accounting rules to allow unused groundwater allocations issued by the Agency 

to be carried over from one year to another [WAT § 10726.4(a)(4)]; and 

• Impose fees and enforce the collection of those fees [WAT § 10730 et seq.] 

5.2.1.11 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  



Pixley Irrigation District GSA  GSP | Section 5 

5-9 Rev_01.21.2020 

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

Implementation of this Action includes the following major cost components: 

 

• Monitoring  

• Creating and Maintaining Data Management Systems 

• Funding for Project and Management Actions to Assist in achieving Sustainability 

• Administration  

The Agency completed development of a Data Management System to facilitate groundwater 

accounting, transfers, billing, and other administrative functions. Agricultural groundwater use is 

being primarily monitored using remote evapotranspiration technology. These services are 

provided at an annually recurring cost of approximately $75,000. Municipal, industrial, and certain 

other extraction facilities require metering and regular reporting to the DMS by way of self-

reporting, regular readings by Agency personnel, and/or advanced metering infrastructure. Costs 

associated with metering and reporting extraction from these facilities is highly variable depending 

on the method of reporting chosen and the number of extraction facilities not yet metered. 

 

Projects and Management Actions to be funded by the Agency landowners or Member Agencies 

through the Accounting System may include, but are not limited to: 

 

• Groundwater elevation and land subsidence programs; 

• Groundwater recharge and banking programs; 

• Surface water conveyance programs; 

• Well rehabilitation and deepening programs; 

• Land conservation and retirement programs; 

• Municipal service connection programs; 

• Clean drinking water and in-home treatment programs; and 

• Infrastructure rehabilitation programs. 

The costs associated with various types of mitigation programs have not yet been assessed. 

 

A successful Accounting System will also require that the administrative and monitoring capacity 

is programmed. General recurring Agency costs, which include payroll, benefits, professional 

services, office materials and supplies, equipment expenses, subbasin coordination 

expenditures, and capital expenditures, are estimated in the annual budget process  each year.  

 

Implementation of the Tule Subbasin Monitoring Plan will require capital expenditures in order to 

increase the number of monitoring sites and facilitate an efficient system of data collection. At this 

time, the total cost to implement the Tule Subbasin Monitoring Plan has not been fully assessed 

and it is anticipated to evolve as future data gaps are identified. 

 



Pixley Irrigation District GSA  GSP | Section 5 

5-10 Rev_01.21.2020 

The initial implementation of this Action will initially be financed through available grants, 

groundwater consumption fees, and assessments of the landowners.   

5.2.1.12 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

Implementation of this Action is intended to generally reduce groundwater extractions within the 

Agency until they reach and can thereafter be maintained within a sustainable limit that factors in 

both the native safe yield and water that has been intentionally recharged and accounted for 

through eligible recharge programs. Various components of the accounting system, including 

allocations, carry-over rules, recharge credits, and enforcement, will ensure that groundwater 

users are able to plan for and manage against periods of drought while operating within the limits 

determined to be sustainable. 

5.2.2 Existing Water Supply Optimization Projects § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

5.2.2.1 General Summary 

Existing Water Supply Optimization Projects are those that a Lead Entity (District or Individual 

Landowner) may implement to optimize the delivery of existing available and typically recurring 

water supplies. Through the optimized management of these supplies, which is often surface 

water, entities will be able to: 

 

• More efficiently distribute available water supplies (through District or Landowner); and/or 

• Minimize conveyance losses; and/or 

Implementation of successful supply optimization Projects will, in general, either reduce the 

average annual extraction or actual consumption of groundwater supplies within the Agency.  

Specific water supply optimization projects will be developed during the Plan Implementation 

period and be described during the 5-year Plan updates.  Examples of these types of Projects 

may include, but are not limited to: 

 

- Modify existing water control structures at key locations along the canals 
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- Modify existing District recharge basins (and associated canal structures and canal 
linkages) so they serve a dual purpose as regulating basins in addition to their current use 
as recharge basins. 

- Continue to expand the existing Supervisory Control and Data Acquisition (SCADA) 
system for remote monitoring and adjustment of target flow rates at key bifurcation points. 

- Open Channel Canal replacement with Pipeline System 

- Fixing leaks in existing distribution systems 

- On-Farm irrigation distribution system upgrades (e.g. drip systems, field leveling). 

The Agency strongly encourages its stakeholders and member agencies to implement water 

supply optimization projects to help achieve groundwater sustainability. 

5.2.2.2 Lead Entity 

The Lead Entity will vary depending on the Public Agency or landowner undertaking the Project. 
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5.2.2.3 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

These types of Projects will generally affect the groundwater elevation, groundwater change in 

storage, and land subsidence measurable objectives.  

5.2.2.4 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

The District or landowner considering a project for supply optimization will review the benefits of 

the project compared to the cost of the project.  The District will evaluate whether optimizing water 

supplies is the most beneficial use of District funds to achieve the goals and objectives of this 

Plan, or if other projects or actions might be more cost effective to achieve similar results. 

5.2.2.5 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

For those projects that are Public Agency projects, standard CEQA public process will be 

implemented.  All meetings of the Public Agency will follow the requirements of the Ralph M. 

Brown Act.  For those projects’ which are landowner driven, public noticing may not be required. 
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5.2.2.6 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 

Projects completed under this category will have varying effects on the Water Budget, but 

generally, each project will increase the available quantity of surface water available for 

consumption and prevent unnecessary pumping of groundwater.  Each year, the Agency will 

measure groundwater levels and calculate the change in groundwater storage, per the Monitoring 

Plan (Section 4) for which the quantification can be estimated from these projects.   

5.2.2.7 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

 

The permitting and regulatory process will vary depending on the location and description of the 

Project.  In general, the permitting and regulatory process may include the following: 

 

• A Mitigated Negative Declaration and other materials and activities as required by the 

California Environmental Quality Act (hereafter, “CEQA”), for the construction of facilities 

and other activities; 

• A Mitigated Finding of No Significant Impact and other materials and activities as required 

by the National Environmental Policy Act (hereafter, “NEPA”), for the use of federal grant 

funds provided by BOR and construction of the facilities and other activities; 

• A Construction General Permit issued by State Water Resources Control Board and 

required Stormwater Pollution Prevention Plan (hereafter, “SWPPP”) for soil disturbances 

related to construction of the facilities; and 

• A Dust Control Plan (hereafter, “DCP”) as required by the San Joaquin Valley Air Pollution 

Control District for mitigation of dust-related disturbances related to construction of the 

facilities. 

• A US Army Corps of Engineers and/or California Department of Fish & Wildlife permit if 

effecting jurisdictional waterways. 

• Local Tulare County Building Permit  

5.2.2.8 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 
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The timeline to complete Projects in this category varies depending on the complexity of each 

project.  The projects may vary from a few weeks to several years. 

5.2.2.9 Anticipated Benefits and Evaluation § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

The ability to delivery historically available but otherwise undelivered surface water supplies to 

landowners within the District, or to utilize water more efficiently, will prevent unnecessary use of 

pumping of groundwater.  It is anticipated that the primary benefit will be an increase in average 

annual surface water supplies available in-lieu of using groundwater. Ancillary benefits include 

mitigating the decline of local groundwater levels and mitigating the occurrence of other conditions 

associated with declining groundwater levels, such as subsidence and the migration of 

contaminant plumes. 

 

Benefits to relevant sustainability indicators and their associated measurable objectives will be 

evaluated per the monitoring programs and procedures described in the Tule Subbasin Monitoring 

Plan (Attachment 2 of Appendix A, Tule Subbasin Coordination Agreement).  Isolating the 

effects of these specific Projects to relevant sustainability indicators will be difficult due to the 

other Actions contemplated to be implemented concurrently within Agency and the remainder of 

the Tule Subbasin.   

5.2.2.10 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

The Projects will be accomplished by receiving adequate funding, completing the permitting, and 

construction of the physical infrastructure associated.   

 

The purpose of these Projects is to utilize existing water supplies that are historically reliable and 

utilize these supplies more efficiently. The Agency has implemented the following projects through 

2021: : 

 

• In 2021, thePixleyGSA completed expansion of its SCADA system for tracking and 

managing the delivery of surface within its distribution system and to landowners.  

Upgrades to the system allow the district to utilize real time data to remotely monitor and 

adjust target flow rates at key bifurcation points.  The GSA has installed meters at District 

recharge facilities as a component of the District’s expansion of the SCADA system.  
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• The District will continue to utilize funding made available to expand the distribution 

system to lands that do not currently have access to surface water.  The District has done 

the environmental documents, design work and secured right of ways to construct a 5.5 

mile canal that would serve approximately 5,500 acres of farmland in the North West area 

of the District that currently does not have access to surface water and relies solely on 

groundwater. The District has filed for a WaterSmart grant from the US Bureau of 

Reclamation to help fund this project. 

 

The District will continue to utilize funding made available for similar projects to increase efficiency 

of surface water deliveries to district landowners. 

 

5.2.2.11 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

The legal authority for these projects varies depending on the Public Agency involved.  Generally, 

the Water Code or Municipal Code for the formation of these Public Agencies allows them the 

authority to do the Projects described in this category.  Projects completed directly by the 

landowners require the owner of the land to provide legal authority to complete the project. 

5.2.2.12 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

The costs associated with these projects will vary by project may include: 

- Environmental & Planning Permitting 

- Construction Documents & Building Permits 

- Construction 

Funding for these projects will vary by project also, and may include: 

- State or Federal Grant Programs 

- Member Agency Assessments 

- Private Landowner Contributions 

5.2.2.13 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  
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  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

This Action is intended to maximize existing surface water availability for water users within the 

District to optimize the supply surface water to landowners more efficiently.  During drought 

periods, when surface water is scarce, efficient distribution of this surface water to minimize 

groundwater pumping will be beneficial. 

 

Secondly, groundwater that is pumped will be consumed more efficiently. Therefore, while 

groundwater use may generally increase during periods of drought, it is expected that these 

projects in this category will help minimize the amount of groundwater needed to be pumped to 

meet current demands. 
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5.2.3 Surface Water Development Projects § 354.44(b)(1) 

3 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

5.2.3.1 General Summary 

Surface Water Development Projects are those Projects that a Lead Entity (District or Landowner) 

may implement to import new surface water supplies or develop other surface water supplies that 

historically not available for import, delivery, or captured within the District. Through the creation 

of these new supplies, entities will be able to: 

 

• Increase the total volume of water that can be made sustainably available for existing and 

future uses; and/or 

• Increase the total volume of water dedicated toward groundwater recharge. 

Implementation of successful Surface Water Development Actions will, in general, either reduce 

the average annual extraction of or actual consumption of groundwater supplies within the 

Agency. 

 

Examples of Surface Water Development Projects within the Agency may include, but are not 

limited to: 

 

1. Surface Water Infrastructure Development:  Increase capacity of existing or develop 

additional surface water delivery systems to maximize ability to capture flood waters and 

any available water for import of surface waters during above average hydrology periods 

as surface water becomes available. 

2. Delivery of Central Valley Project (CVP) Shasta Division Cross Valley Contract #14-06-

200-823A Supply:  Either Construction of New Delivery System (ID-6 Pump back 

Project), participate in the Friant Kern Canal Pump Back Project, or develop a Long-

Term Water Exchange Agreement. 

5.2.3.2 Lead Entity 

The Lead Entity will vary depending on the District or landowner undertaking the Project. 

5.2.3.3 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 
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and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

These types of Projects will generally affect the groundwater elevation, groundwater change in 

storage, and land subsidence measurable objectives.  

5.2.3.4 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

Each District or landowner considering a project for surface water development will review the 

benefits of the project compared to the cost of the project.  The District will evaluate whether 

developing new surface water is the most beneficial use of District funds to achieve the goals and 

objectives of this Plan, or if other projects or actions might be more cost effective to achieve similar 

results. 

5.2.3.5 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

For those projects that are District projects, standard CEQA public process will be implemented.  

All meetings of the District will follow the requirements of the Ralph M. Brown Act.  For those 

projects’ which are landowner driven, public noticing may not be required. 

5.2.3.6 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 

Projects completed under this category will have varying effects on the Water Budget, but 

generally, each project will increase the available quantity of surface water available for 

consumption and prevent unnecessary pumping of groundwater.  Each year, the Agency will 

measure groundwater levels and calculate the change in groundwater storage, per the Monitoring 

Plan (Section 4) for which the quantification can be estimated. 
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5.2.3.7 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

The permitting and regulatory process will vary depending on the location and description of the 

Project.  In general, the permitting and regulatory process may include the following: 

 

• A Mitigated Negative Declaration and other materials and activities as required by the 

California Environmental Quality Act (hereafter, “CEQA”), for the construction of facilities 

and other activities; 

• A Mitigated Finding of No Significant Impact and other materials and activities as required 

by the National Environmental Policy Act (hereafter, “NEPA”), for the use of federal grant 

funds provided by BOR and construction of the facilities and other activities; 

• A Construction General Permit issued by State Water Resources Control Board and 

required Stormwater Pollution Prevention Plan (hereafter, “SWPPP”) for soil disturbances 

related to construction of the facilities; and 

• A Dust Control Plan (hereafter, “DCP”) as required by the San Joaquin Valley Air Pollution 

Control District for mitigation of dust-related disturbances related to construction of the 

facilities. 

• A US Army Corps of Engineers and/or California Department of Fish & Wildlife permit if 

effecting jurisdictional waterways. 

• Local Tulare County Building Permit  

5.2.3.8 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 

The timeline to complete Projects in this category varies depending on the complexity of each 

project.  The projects may vary from a few weeks to several years. 

 

5.2.3.9 Anticipated Benefits and Evaluation § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

The ability to develop additional surface water into the District will be very beneficial to offset the 

current overdraft and subsidence that is occurring.  The primary benefit is to offset groundwater 
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pumping by providing surface water to meet demand.  Ancillary benefits include mitigating the 

decline of local groundwater levels and mitigating the occurrence of other conditions associated 

with declining groundwater levels, such as subsidence and the migration of contaminant plumes. 

Benefits to relevant sustainability indicators and their associated measurable objectives will be 

evaluated per the monitoring programs and procedures described in the Tule Subbasin Monitoring 

Plan (see Attachment 2 of Appendix A, Tule Subbasin Coordination Agreement).   

 

Isolating the effects of these specific Projects to relevant sustainability indicators will be difficult 

due to the other Actions contemplated to be implemented concurrently within the Agency and the 

remainder of the Tule Subbasin.   

5.2.3.10 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

The Projects will be accomplished by receiving adequate funding, completing the permitting, and 

construction of the physical infrastructure associated.  

 

The reliability of these projects is contingent upon the availability of surface water.  For new 

surface water developed and brought to the District, secure contracts and agreements will 

increase reliability and consistency of the surface water prior to completing the permitting and 

construction of the facilities. The Agency implemented the following projects through 2021: 

 

• The District continues to work to find long term solutions to deliver water under its CVP 

Shasta Division Contract directly into the District.  During 2018, 2019 and 2020 the District 

used short term exchange agreements to exchange the District’s CVP water for water 

supplies available out of watersheds and reservoirs on the East side of the Valley.  

Discussions for long term solutions are ongoing. 

 

5.2.3.11 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

Division 11 of the California Water Code provides the Agency, which is managed by an irrigation 

district organized under the laws of California, with broad authority to procure and manage water 

supplies for the benefit of the District landowners, including water supplies intended for direct 

delivery to landowners as well as water supplies intended for beneficial use through groundwater 

recharge. This broad authority is inclusive of the authority to optimize the District’s water supply. 
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The Agency is also broadly authorized as a GSA under Water Code sections 10725-10726.9 to 

perform necessary and proper acts including but not limited to adopting rules, regulations, 

ordinances, and resolutions for the purpose carrying out SGMA requirements, including procuring 

and managing water supplies. 

 

Projects developed by individual landowners will need adequate permissions from the owner of 

the property. 

5.2.3.12 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

 

The costs associated with these projects will vary by project may include: 

- Environmental & Planning Permitting 

- Construction Documents & Building Permits 

- Construction 

Funding for these projects will vary by project also, and may include: 

- State or Federal Grant Programs 

- Member Agency Assessments 

- Private Landowner Contributions 

The Cost of these Projects will be determined on an ongoing basis. Regulatory fees or 

assessments adopted by the Agency may provide funding for these projects. Prior to imposing 

fees, the Agency will comply with applicable requirements for approving fees, including but not 

limited to Water Code 10730.ed. 

5.2.3.13 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

This Action is intended to increase the surface water availability for water users, which will 

primarily be available during above average hydrologic periods.  During drought periods, when 

surface water is scarce, groundwater will be relied upon to meet water demands.  But, if the 

groundwater utilized includes the additional surface water developed or imported that was 

recharged and banked during the wet years, during the droughts the impacts to groundwater will 

be mitigated. 
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5.2.4 Managed Aquifer Recharge and Banking Projects § 354.44(b)(1) 

3 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

5.2.4.1 General Summary 

Managed Aquifer Recharge and Banking Projects are those Projects that a Lead Entity may 

implement to recharge imported, recycled, or other surface water (rights or purchased) to improve 

local groundwater conditions and/or extract these supplies in the future. Through the development 

or continuation of various recharge activities, entities will be able to: 

 

• Increase the total volume of water that can be made sustainably available for existing and 

future uses; 

• Increase groundwater inflow and mitigate for groundwater extraction that is in excess of 

the Tule Subbasin’s native safe yield; 

• Store water within the subbasin in anticipation of future extraction and application to 

beneficial uses; 

• Decelerate or otherwise reduce ongoing subsidence; and/or 

• Create intermittent environmental habitat. 

Implementation of successful Managed Aquifer Recharge and Banking Actions will, in general, 

assist in the balancing of groundwater extractions with groundwater inflows within the Agency. 

 

Examples of Managed Aquifer Recharge and Banking Projects may include, but are not limited 

to: 

 

1. Expansion or Development of new Irrigation District Recharge Basins:  The District 

currently owns 940 acres of land that are dedicated for use as groundwater recharge 

facilities. 

2. Development of Individual Landowner Recharge Basins.  

5.2.4.2 Lead Entity 

The Lead Entity will vary depending on the District or landowner undertaking the Project. 
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5.2.4.3 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

These types of Projects will generally affect the groundwater elevation, groundwater change in 

storage, and land subsidence measurable objectives.  

5.2.4.4 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

The District or landowner considering a project for managed aquifer recharge and banking will 

review the benefits of the project compared to the cost of the project.  The District will evaluate 

whether optimizing water supplies is the most beneficial use of District funds to achieve the goals 

and objectives of this Plan, or if other projects or actions might be more cost effective to achieve 

similar results. 

5.2.4.5 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

For those projects that are District projects, standard CEQA public process will be implemented.  

All meetings of the Public Agency will follow the requirements of the Ralph M. Brown Act.  For 

those projects’ which are landowner driven, public noticing may not be required. 

5.2.4.6 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 
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Projects completed under this category will have varying effects on the Water Budget, but 

generally, each project will increase the available quantity of ground water available for 

consumption.  Each year, the Agency will measure groundwater levels and calculate the change 

in groundwater storage, per the Monitoring Plan (Section 4) for which the quantification of 

groundwater storage can be estimated. 

5.2.4.7 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

The permitting and regulatory process will vary depending on the location and description of the 

Project.  In general, the permitting and regulatory process may include the following: 

 

• A Mitigated Negative Declaration and other materials and activities as required by the 

California Environmental Quality Act (hereafter, “CEQA”), for the construction of facilities 

and other activities; 

• A Mitigated Finding of No Significant Impact and other materials and activities as required 

by the National Environmental Policy Act (hereafter, “NEPA”), for the use of federal grant 

funds provided by BOR and construction of the facilities and other activities; 

• A Construction General Permit issued by State Water Resources Control Board and 

required Stormwater Pollution Prevention Plan (hereafter, “SWPPP”) for soil disturbances 

related to construction of the facilities; and 

• A Dust Control Plan (hereafter, “DCP”) as required by the San Joaquin Valley Air Pollution 

Control District for mitigation of dust-related disturbances related to construction of the 

facilities. 

• A US Army Corps of Engineers and/or California Department of Fish & Wildlife permit if 

effecting jurisdictional waterways. 

• Local Tulare County Building Permit  

5.2.4.8 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 

The timeline to complete Projects in this category varies depending on the complexity of each 

project.  The projects may vary from a few weeks to several years. 
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5.2.4.9 Anticipated Benefits and Evaluation § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

The ability to recharge and bank historically available but otherwise undelivered surface water 

supplies will increase groundwater storage and provide reliability of water within the Agency.   

 

Benefits to relevant sustainability indicators and their associated measurable objectives will be 

evaluated per the monitoring programs and procedures described in the Tule Subbasin Monitoring 

Plan (see Attachment 2 of Appendix A, Tule Subbasin Coordination Agreement).   

 

Isolating the effects of these specific Projects to relevant sustainability indicators will be difficult 

due to the other Actions contemplated to be implemented concurrently within the Agency and the 

remainder of the Tule Subbasin.   

5.2.4.10 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

The Projects will be accomplished by receiving adequate funding, completing the permitting, and 

construction of the physical infrastructure associated.   

 

The purpose of these Projects is to utilize existing water supplies that are historically reliable and 

utilize these supplies more efficiently. The Agency implemented the following projects through 

2021: 

 

• Since adoption of the GSP, the District has not developed additional acreage of recharge 

facilities but continues to assess potential opportunities for doing so.  In 2022, the District 

applied for a grant that will expand the District’s recharge capabilities near the 

Disadvantaged Communities of Pixley and Teviston. 

 

• During 2021, the District purchased 831 acres, some of which will be developed into 

recharge basins 

 

• Since the Agency’s adoption of the Groundwater Banking at the Landowner Level policy, 

250 acres of recharge basins have been developed by landowners within the PixleyID.  

As a result, the District is able to increase its capacity for taking on surface water when 

available in short windows of time. 
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5.2.4.11 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

The legal authority for these projects varies depending on the Public Agency involved.  Generally, 

the Water Code or Municipal Code for the formation of these Public Agencies allows them the 

authority to do the Projects described in this category.  Landowner driven projects will need legal 

permissions from the owner of the parcel. 

5.2.4.12 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

The costs associated with these projects will vary by project may include: 

- Environmental & Planning Permitting 

- Construction Documents & Building Permits 

- Construction 

Funding for these projects will vary by project also, and may include: 

- State or Federal Grant Programs 

- Member Agency Assessments 

- Private Landowner Contributions 

5.2.4.13 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

This Action is intended to maximize the recharge of available surface during wet years and 

banking this available excess water for use during the drought years.  As surface water is stored 

in the groundwater, reliability of water during droughts to prevent the exceedances of minimum 

thresholds is greatly increased. 

5.2.5 Agricultural Land Retirement Projects § 354.44(b)(1) 

3 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  
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  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

5.2.5.1 General Summary 

Agricultural Land Retirement Projects are those Projects that a Lead Entity (District or Landowner) 

may implement to decrease the agriculture consumptive use of water.  

 

Examples of Agriculture Land Retirement Projects within the Agency may include, but are not 

limited to: 

 

1. District purchase of land to permanently retire or set aside into a conservation easement, 

which would include removal of agriculture farming infrastructure from the land area 

retired. 

2. Individual landowner setting aside a portion of their farm, permanently to reduce crop 

consumptive demand. 

3. Individual Landowner setting aside a portion of their farm, on an annual basis, depending 

on the availability of water each year.  

Note that the land which is retired could also be utilized for groundwater recharge if a water supply 

is available at the physical site location. 

 

The Agency and its landowners will utilize the Agriculture land retirement projects as the final 

balancing action to achieve sustainability.  The implementation of the prior projects and actions 

will be a priority, but if not sufficient, the amount of land to retire to adjust to balance will be 

determined and purchased or set aside.  

5.2.5.2 Lead Entity 

The Lead Entity will vary depending on the District or landowner undertaking the Project. 

5.2.5.3 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

These types of Projects will generally affect the groundwater elevation, groundwater change in 

storage, and land subsidence measurable objectives.  
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5.2.5.4 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

The District or landowner considering a project for agriculture land retirement will review the 

benefits of the project compared to the cost of the project.  The District will evaluate whether 

retiring land is the most beneficial use of District funds to achieve the goals and objectives of this 

Plan, or if other projects or actions might be more cost effective to achieve similar results. 

5.2.5.5 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

For those projects that are District projects, standard CEQA public process will be implemented.  

All meetings of the District will follow the requirements of the Ralph M. Brown Act.  For those 

projects’ which are landowner driven, public noticing may not be required. 

5.2.5.6 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 

Projects completed under this category will have varying effects on the Water Budget, but 

generally, each project will decrease water consumed and prevent excess pumping of 

groundwater.  Each year, the Agency will measure groundwater levels and calculate the change 

in groundwater storage, per the Monitoring Plan (Section 4) for which the quantification can be 

estimated. 

 

Each acre of land that is retired will reduce the consumptive demands in the Agency between 2.5 

acre-feet per acre to 4 acre-feet per acre (see Section 4), which is the average range of 

consumptive use for agriculture lands within the Agency. 
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5.2.5.7 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

The permitting and regulatory process will vary depending on the location and description of the 

Project.  In general, the permitting and regulatory process may include the following: 

 

• A Mitigated Negative Declaration and other materials and activities as required by the 

California Environmental Quality Act (hereafter, “CEQA”), for the construction of facilities 

and other activities; 

• A Mitigated Finding of No Significant Impact and other materials and activities as required 

by the National Environmental Policy Act (hereafter, “NEPA”), for the use of federal grant 

funds provided by BOR and construction of the facilities and other activities; 

• A Construction General Permit issued by State Water Resources Control Board and 

required Stormwater Pollution Prevention Plan (hereafter, “SWPPP”) for soil disturbances 

related to construction of the facilities; and 

• A Dust Control Plan (hereafter, “DCP”) as required by the San Joaquin Valley Air Pollution 

Control District for mitigation of dust-related disturbances related to construction of the 

facilities. 

• A US Army Corps of Engineers and/or California Department of Fish & Wildlife permit if 

effecting jurisdictional waterways. 

• Local Tulare County Grading Permit  

5.2.5.8 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 

The timeline to complete Projects in this category varies depending on the complexity of each 

project.  The projects may vary from a few weeks to several years. 

5.2.5.9 Anticipated Benefits and Evaluation § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

The ability to retire agriculture lands within the Agency will be beneficial to offset the current 

overdraft and subsidence that is occurring.  The primary benefit is to offset groundwater pumping 

by reducing the consumptive demands.  Ancillary benefits include mitigating the decline of local 
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groundwater levels and mitigating the occurrence of other conditions associated with declining 

groundwater levels, such as subsidence and the migration of contaminant plumes. 

 

Benefits to relevant sustainability indicators and their associated measurable objectives will be 

evaluated per the monitoring programs and procedures described in the Tule Subbasin Monitoring 

Plan (see Attachment 2 of Appendix A, Tule Subbasin Coordination Agreement).   

 

Isolating the effects of these specific Projects to relevant sustainability indicators will be difficult 

due to the other Actions contemplated to be implemented concurrently within Agency and the 

remainder of the Tule Subbasin.   

 

 

5.2.5.10 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

The Projects will be accomplished by receiving adequate funding, completing the permitting, and 

construction of the physical infrastructure associated.  

 

The reliability of these projects is contingent upon the availability of surface water.  For new 

surface water developed and brought to the Agency members or member agencies, secure 

contracts and agreements will increase reliability and consistency of the surface water prior to 

completing the permitting and construction of the facilities. The Agency implemented the following 

projects through 2021: 

 

• The GSA Board adopted an annual land fallowing policy during 2021, which encourages 

landowners to fallow land in dry years. The PIXIDGSA was also a funding contributor of 

the Tule Basin Land & Water Conservation Trust in 2020. The Trust was formed in part 

as a means of supporting the GSA in the work being done to meet plans and objectives 

outlined in the GSP. The Trust is working with landowners in the GSA to retire and/or 

fallow active farmland into conservation easements that will have numerous ecosystems 

and groundwater benefits.  

• In 2021, the District purchased 831 acres which will be permanently retired.  A portion of 

the property will be developed into recharge basins.  The GSA is also working with the 

Trust, for the Trust to purchase a portion of the property and restore it to upland habitat. 

• In 2022, the GSA, as lead agency for the Tule Subbasin, applied for and was awarded a 

$10 million Multibenefit Land Repurposing grant from the California Department of 

Conservation.  The activities under the grant include developing a Multibenefit Agriculture 

Land Repurposing Plan for the Tule Subbasin and land repurposing project development 

and implementation. 



Pixley Irrigation District GSA  GSP | Section 5 

5-31 Rev_01.21.2020 

 

 

5.2.5.11 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

The legal authority for these projects varies depending on the Public Agency involved.  Generally, 

the Water Code or Municipal Code for the formation of these Public Agencies allows them the 

authority to do the Projects described in this category.  Landowner driven projects required the 

permissions of the owner of the parcel. 

5.2.5.12 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

The costs associated with these projects will vary by project may include: 

- Environmental & Planning Permitting 

- Construction Documents & Building Permits 

- Construction & Demolition  

Funding for these projects will vary by project also, and may include: 

- State or Federal Grant Programs 

- Member Agency Assessments 

- Private Landowner Contributions 

5.2.5.13 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

This Action is intended to decrease the use of groundwater pumping during drought periods by 

reducing the agriculture demand.  The agriculture land retirement may occur on an annualized 

basis, and only retire land during drought periods when water is scarce.  But, during periods of 

abundant water supplies, land could be farmed to provide economic benefits to the local economy 

and work force. 
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5.2.6 Mitigation Program Action § 354.44(b)(1) 

3 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

5.2.6.1 General Summary 

This GSP, together with the other Tule Sub-Basin GSPs, are designed for the Subbasin to reach 

sustainability by 2040 and beyond.  However, until sustainability is reached, some level of 

continued groundwater level decline and land subsidence is expected in areas of the Subbasin 

while the GSAs are in the process of implementing projects and management actions to achieve 

sustainability by 2040.  The purpose of a Mitigation Program is to mitigate those wells, critical 

infrastructure, and land uses that are adversely affected by declining groundwater levels, land 

subsidence, and changes to groundwater quality while the GSAs reach sustainability. 

 

Accordingly, the GSA will adopt, pursuant to this section, a Mitigation Program with the following 

elements 

 

a) Identification of Impacts to be Addressed by Mitigation Program 
 

The Mitigation Program will identify the specific needs for mitigation caused by pumping within 

the GSA’s boundaries, and will identify the impacts to beneficial uses that the Program is intended 

to address.  The  Mitigation Program will provide a claim process to address impacts to (i) 

domestic and municipal wells (ii) agricultural wells and (iii)  critical infrastructure.  Decisions to 

include or exclude impacted users from participation in the GSA’s Mitigation Program will be 

supported by appropriate written technical data and analysis. 

 

b) Process  
 

For claims of impact to wells related to groundwater level declines, the process to be adopted by 

the Mitigation Program may include:  

 

1) an application process by the well owner;  

2) data collection by the GSA to verify the claim;  

3) identification of suitable mitigation; and/or  

4) response to said affected user. 

 

For claims of impact to land uses from land subsidence, the process may include: 

 

1) an application process by the affected party; 
2) data collection by the GSA to verify the claim; 
3) identification of suitable mitigation; and/or 
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4) coordination, as necessary, with said affected parties to implement the 
mitigation. 

 

For claims of impact to groundwater quality that is attributable to pumping allowed by a GSA/GSP, 

the process may include: 

 

1) an application process by the affected party; 
2) data collection by the GSA to verify the claim; 
3) identification of suitable mitigation; and/or 
4) coordination, as necessary, with said affected parties to implement the 

mitigation. 
 

SGMA requires GSAs and GSPs to measure sustainability from 2015 forward.  As a result, GSAs 

do not necessarily need to provide mitigation for impacts that occurred prior to January 1, 2015. 

 

For those claims that are shown not to be related to GSP- / GSA-approved or authorized activities, 

the GSA will, to the extent possible, provide assistance to the affected party to identify programs 

for addressing their issue. 

 

c) Investigation  
 

Once a claim of adverse impact has been made to a GSA, whether it be for well, specific land 

use, critical infrastructure or groundwater quality issue(s), the Mitigation Program will provide for 

the investigation of the claim. 

 

d) Qualifications for Mitigation 
 

The Mitigation Program may determine whether to provide full or partial mitigation based on a 

user’s compliance with the GSA’s GSP, Rules & Regulations, and other laws or regulations.  For 

example, a user whose own pumping has caused or contributed to overdraft or damage to their 

own well may not qualify for mitigation under the Program.  Further, mitigation will be applied only 

to those claims that are shown to be attributable to GSP- / GSA-approved or authorized activities.  

The Mitigation Program will also address how claims that a GSA determines are caused by 

pumping outside the GSA’s boundaries will be addressed.  

 

e) Mitigation 
 

Once a claim of impact has been confirmed to be due to GSP-/GSA-approved or authorized 

activities, the Mitigation Program will identify suitable mitigation to alleviate the impact. 

 

For groundwater level impacts, this could be any of the following: 

 

1) Deepening the well; 
2) Constructing a new well;  
3) Modifying pump equipment; 
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4) Providing temporary or permanent replacement water;  
5) Coordinating consolidation of the domestic well owner with existing water 

systems; or 
6) With the consent of the affected user, providing other acceptable means of 

mitigation. 
 

For land use impacts, this could be any of the following: 

 

1) Repair to canals, turnouts, stream channels, water delivery pipelines, and 
basins; 

2) Repair to damaged wells; 
3) Addressing flood control; 
4) Addressing other damaged infrastructure; or 
5) With the consent of the affected user, providing other acceptable means of 

mitigation. 
 

For groundwater quality impacts (due to groundwater management/actions), this could be any of 

the following: 

 

1) Adjusting groundwater pumping locations, rates or schedules; 
2) Modifying project operations; 
3) Providing temporary or permanent replacement water; 
4) Coordinating consolidation with existing water systems; or 
5) With the consent of the affected user, providing other acceptable means of 

mitigation. 
 

Various factors may reflect the proper mitigation methods for the specific issue.  For example, 

age, location, financial impact to the beneficial user as a result of mitigation, and the beneficial 

user may reflect which mitigation measures are chosen by the Mitigation Program. 

5.2.6.2 Lead Entity 

The GSA is the Lead Agency for the adoption and implementation of the Impact Mitigation 

Program. 

5.2.6.3 Relevant Measurable Objective(s) § 354.44(b)(1) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) A list of projects and management actions proposed in the Plan with a description of the measurable 

objective that is expected to benefit from the project or management action.  The list shall include projects 

and management actions that may be utilized to meet interim milestones, the exceedance of minimum 

thresholds, or where undesirable results have occurred or are imminent. 

The Mitigation Program will directly address the impacts to beneficial uses and users from chronic 

lowering of groundwater levels, reduction in groundwater storage, subsidence, and/or impaired 

groundwater quality (due to groundwater management/actions) by providing funding for 
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replacement wells or well modifications to eligible landowners, or the other potential mitigation 

described above.   

5.2.6.4 Circumstantial Considerations § 354.44(b)(1)(A) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (A) A description of the circumstances under which projects or management actions shall be 

implemented, the criteria that would trigger implementation and termination of projects or management, 

and the process by which the Agency shall determine that conditions requiring the implementation of 

particular projects or management actions have occurred. 

 

Circumstances currently exist that warrant development and implementation of a Mitigation 
Program, which will be developed and implemented according to the timeline provided below in 
Section 5.2.6.8. 

5.2.6.5 Public Notice Process § 354.44(b)(1)(B) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (1) …The Plan shall include the following: 

     (B) The process by which the Agency shall provide notice to the public and other agencies that the 

implementation of projects or management actions is being considered or has been implemented, 

including a description of the actions to be taken. 

 

Public outreach and education will be separately performed during development of the mitigation 

program and prior to implementation by the GSA.   

 

Prior to implementation, extensive outreach will be needed to notify landowners of the GSA’s 

Program requirements and how they can apply for assistance.  Outreach may need to be 

performed in multiple languages as appropriate for each particular GSA.  Outreach methods could 

include workshops, mailings, flyers, website postings, Board meeting announcements, etc. 

5.2.6.6 Quantification of Water Budget Impact § 354.44(b)(2) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall 

describe projects or management actions, including a quantification of demand reduction or other 

methods, for the mitigation of overdraft. 

 

The purpose of a Mitigation Program is to mitigate those wells, critical infrastructure, and land 

uses that are adversely affected by declining groundwater levels, land subsidence, and changes 

to groundwater quality while the GSAs reach sustainability 
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5.2.6.7 Permitting and Regulatory Process § 354.44(b)(3) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (3) A summary of the permitting and regulatory process required for each project and management 

action. 

The Mitigation Program will be adopted by the GSA governing board and will not require permitting 

or regulatory processing by another agency. 

5.2.6.8 Timeline § 354.44(b)(4) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (4) The status of each project and management action, including a time-table for expected initiation and 

completion, and the accrual of expected benefits. 

The GSA will formulate and implement a mitigation claims process for domestic and municipal 

use impacts  by December 31, 2022, and complete all other aspects of the Mitigation Program by 

June 30, 2023.  During program development, the GSA will conduct community outreach and 

refer landowners and others to available local programs as well as other resources and funding 

programs from the County, State or non-profit organizations, including the Tule Basin Water 

Foundation. 

5.2.6.9 Anticipated Benefits and Evaluation § 354.44(b)(5) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (5) An explanation of the benefits that are expected to be realized from the project or management 

action, and how those benefits will be evaluated. 

 

The proposed Program will directly mitigate impacts to beneficial uses and users due to the 

following: 

• Chronic lowering of groundwater levels;  
• Land Subsidence; 
• Degradation of Groundwater Quality due to GSA Actions. 

 

The Program will provide a direct benefit to beneficial users in the GSA who have had their wells 

/ pumping impacted because of continued or worsening overdraft conditions while the GSA 

implements other projects and management actions to achieve sustainability.   The metric for 

measuring program benefits will be the number of wells, critical infrastructure and land uses that 

are impacted and mitigated under this Program. 
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5.2.6.10 Accomplishment § 354.44(b)(6) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (6) An explanation of how the project or management action will be accomplished.  If the project or 

management actions rely on water from outside the jurisdiction of the Agency, an explanation of the 

source and reliability of that water shall be included. 

 

The Mitigation Program will be adopted by the GSA governing board. 

5.2.6.11 Legal Authority § 354.44(b)(7) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (7) A description of the legal authority required for each project and management action, and the basis 

for that authority within the Agency. 

California Water Code Section 10725.2 provides the GSA has the powers and authorities “perform 

any act necessary or proper” to implement SGMA regulations and allows the GSA to adopt rules, 

regulations, ordinances, and resolutions necessary for SGMA implementation.  The GSA also has 

authority to conduct investigations as to compliance with and impacts to a GSP.  (Water Code 

Section 10725.4.)  A mitigation program is an act necessary or proper to implement SGMA.  (23 

CCR §355.4(b)(6).)  

5.2.6.12 Cost & Funding § 354.44(b)(8) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  

  (8) A description of the estimated cost for each project and management action and a description of how 

the Agency plans to meet those costs. 

 

As part of Mitigation Program adoptions, the GSA will develop a funding mechanism for the 

Program which is dependent on the specific GSA needs for specific expected impacted wells, 

critical infrastructure and land uses within each GSA.   Funding is anticipated to be available for 

the GSA’s Mitigation Program through implementation of assessments, fees, charges, and 

penalties.  In addition, the GSA will explore grant funding.  The State has many existing grant 

programs for community water systems and well construction funding.  County, state and federal 

assistance will be needed to successfully implement the respective Mitigation Programs.  The 

GSA may, separately or in coordination with other GSAs, also work with local NGOs that may be 

able to provide assistance or seek grant monies to help fund the program.  

5.2.6.13 Drought Offset Measures § 354.44(b)(9) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (b) Each Plan shall include a 

description of the projects and management actions that include the following:  
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  (9) A description of the management of groundwater extractions and recharge to ensure that chronic 

lowering of groundwater levels or depletion of supply during periods of drought is offset by increases in 

groundwater levels or storage during other periods. 

This Action is intended to mitigate for impacts experienced during the transitional period of 

sustainability planning. 

 

 

5.2.7 Municipal Management Area Projects and Management Actions 

When determining the Agency boundaries and forming the Agency, the CSDs and PUDs were 

developed as a separate management area and subject to the local control and management of 

the public entities that provide water service. The Agency will provide SGMA planning and Agency 

coverage to these agencies with each individual community service district (CSD) or public utility 

district (PUD) maintaining responsibility and control over supplying water to residents. These 

areas are Severely Disadvantaged Communities and a reliable water supply for these 

communities is vital.  

 

The Municipal Management Area may implement the projects and actions described above, but 

specifically will provide the Agency the following information for determining the net groundwater 

usage of the Community during the initial Plan implementation period of January 2020 to January 

2026:  

 

On a quarterly basis: 

 

- Each Community will submit the total of groundwater pumped from Community wells.  

- Each Community will submit the total of water discharged to the wastewater treatment 

system that is treated and diverted to percolation/evaporation ponds 

- The net of water pumped minus water discharged will be considered total Community 

water use 

- The water use will be reviewed through periodic updates to the Plan and compared to the 

available sustainable yield for the community and pumping limits acceptable to the 

Agency, as allowed under the regulatory code of SGMA.  

- Community wells will include all wells used by the Community that are connected to the 

Community water distribution system.  

- The Community and the Agency Board of Directors agree to cooperate on conditions of 

approval for future growth to ensure they are consistent with Agency and Community 

policies including pursing grant funding opportunities, outreach and joint projects for 

developing additional water supply for the Community.  

Accomplishments and activities related to Municipal Management areas prior to and after 

implementation of this Plan are as follows: 

 

• During the update of this plan, the Agency, in coordination with the other Tule Subbasin 

GSAs approved a mitigation framework (see Appendix A, Attachment 7 of the Coordination
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Agreement). The Agency will use that framework to develop a Mitigation Program that will 

address impacts to water quality, domestic wells, and infrastructure, among others (as 

described more fully in Section 5.6.1 above). 

 

• Regarding water quality, the Agency participated in the formation Tule Basin Water Quality 

Coalition and has a landowner representative on the governing Board of that Coalition.   

The Coalition is in charge of implementing the Irrigated Lands Regulatory Program (ILRP), 

Tule Lake Basin General Order waste discharge requirements.  The Coalition was also 

the main driver in the formation of the Tule Basin Management Zone, which includes a 

group of dischargers, or potential discharges regulated under Pathway B Nitrate 

Compliance by the Central Valley Regional Water Quality Control Board and compliance 

with CV-Salts Nitrate Control Program.  The GSA intends to continue its cooperation and 

coordination with these groups to address water quality impacts in the region.   

 

• In 2022, the District applied for a grant that will expand the District’s recharge facilities 

near the Disadvantaged Communities of Pixley and Teviston.  If awarded, construction 

will take place in 2023 and 2024. 

 

• During Plan development, the Pixley Irrigation District GSA entered into a cooperative 

Memorandum of Understanding (MOU) with the Teviston Community Services District and 

the Pixley Public Utility District. Under the MOU, Pixley agreed to cooperate with the PUD 

and CSD on the development of the Groundwater Sustainability Plans for the region. The 

PUD and CSD were included in the Pixley Irrigation District GSA and were given a seat 

on the Groundwater Planning Commission formed by the GSA to coordinate and draft the 

GSP. The intent behind the MOU was to assist the PUD and CSD in the SGMA process 

using the resources and coordination of the PIXIDGSA.  The PUD and CSD named a 

representative to the Planning Commission. The PIXIDGSA considers these MOUs to be 

the most effective and extensive form of outreach to the domestic water user community 

possible. 

 

 

o The Pixley GSA submitted an application to the Department of Conservation to 

create a Watershed Coordinator position to further assist in identifying data gaps 

and to develop strong working connection with local stakeholders and communities 

throughout the planning area.  The GSA was notified in January 2021 that it was 

awarded the grant for the Watershed Coordinator. A Watershed Coordinator was 

hired in 2021. 

▪ Key  Watershed Coordinator tasks and objectives, including those related 

to DACs are:  

1. Develop site-specific projects with benefits to critically underserved 

communities (DACs) in the Tule Subbasin.   

2. Assist underserved communities in the Tule Subbasin to engage 
and participate in scoping and development of projects that align 
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with community needs and groundwater sustainability goals within 
the watershed.   

3. Ensure continuity with the existing MOUs between Pixley ID GSA 
and the communities of Pixley PUD and Teviston CSD.     

4. Working with Disadvantage Communities to identify projects up-
gradient from domestic well-fields to protect water quality 

5. Evaluate effects of GSP implementation on Groundwater 
Dependent Ecosystems (GDE) in collaboration with the California 
Department of Fish and Wildlife  

6. Assist with development of multi-benefit projects with local 
community, ecosystem, and wildlife habitat benefits.   

7. Lead upland habitat restoration efforts with partners (TNC, 
Audubon, NRCS, US Bureau of Reclamation, US Fish and Wildlife 
Service the Tule Land and Water Conservation Trust, Pixley ID) 

8. Work with willing landowners, identify potential agricultural lands 
coming out of production to meet groundwater sustainability goal 

9. Coordinate on-farm recharge with landowners.  Collaborate with Fresno 
State, UC Davis and Sustainable Conservation on monitoring and 
evaluation of effects of recharge.  

 

-  

5.3 Summary of Actions and Ability to Achieve Sustainability 
§ 354.44(d) 

23 Cal. Code Regs § 354.44 Projects and Management Actions. (d) An Agency shall take into account 

the level of uncertainty associated with the basin setting when developing projects or management 

actions. 

The Agency, in collaboration with the District, stakeholders, and other local communities, can 

become sustainable through the implementation of the Actions identified above.  

 

Implementation of the Actions described above is envisioned to occur pursuant the timeline 

provided with each Action, with the understanding that some Actions may not be implemented 

subject to certain triggers and/or future needs assessments. 

 

During the preparation of this Plan, the stakeholder process included the evaluation of the Project 

or Actions proposed.  Each Project or Action was considered using factors including, but not 

limited to, the Project or Action cost, relative need, ability to complete the action pursuant the 

described Timeline, and source(s) of water supply.  The Agency will continue to consider and 

evaluate any project or action that helps achieve the goals and objectives during the plan 

implementation period. 

 

To ensure that sustainability can be achieved within the Tule Subbasin, the Tule Subbasin GSAs 

collectively modelled the coordinated implementation of their various projects and management 
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actions. The modelling exercises included the gradual groundwater extraction ramp down 

included in this Section.   
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6.1 Estimated Cost of Plan Implementation § 350.6(e) 

23 Cal. Code Regs. § 354.6 Agency information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(e) An estimate of the cost of implementing the Plan and a general description of how the Agency plans 

to meet those costs. 

The estimated cost to implement this plan during the implementation period includes a variety of 

operational expenses, which include, but not limited to: 

• Annual Monitoring and Reporting  

• Updates to Hydrogeologic Groundwater Flow Model 

• Data Collection 

• Public Outreach 

• Administration 

• Enforcement 

• Projects 

 

To date, Plan implementation has cost the Agency $200,000.00 each year, not including the 

Projects to be designed, permitted, and constructed during implementation. 

 

During Plan implementation, the budget will continue to be refined, and fee structures have been 

established and will continue to be evaluated. The Agency charges groundwater consumption 

fees to all non-exempt groundwater pumpers on a per acre-foot basis.  The agency will evaluate 

and adjust fees periodically to cover Plan implementation costs and project and management 

action costs.  Each year, The Agency establishes an annual operating budget, approved by the 

Pixley Irrigation District Board of Directors, with input and recommendations from the GPC.     

 

6.2 Schedule of Implementation § 350.4(f) 

23 Cal. Code Regs. § 350.4 General Principles. Consistent with the State's interest in groundwater 

sustainability through local management, the following general principles shall guide the Department in 

the implementation of these regulations.  

(f) A Plan will be evaluated, and its implementation assessed, consistent with the objective that a basin 

be sustainably managed within 20 years of Plan implementation without adversely affecting the ability 

of an adjacent basin to implement its Plan or achieve and maintain its sustainability goal over the 

planning and implementation horizon. 

This Section outlines the general schedule identifying milestones to achieve sustainability over 

the period of 2020 to 2040. Implementation of the Plan will require the following: 

 

• Hosting public outreach and landowner meetings for inputs to the decision-making 

process by which project and management action will be implemented and funded.  

• Establishing key administrative and operational funding structures to manage the Plan 

implementation. 
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• Expansion and refinement of the monitoring networks. 

• Developing and managing management action plan. 

 

During the first year of implementation (2020), the Agency did not collect fees on groundwater 

consumption and, instead, focused on landowner outreach and data collection to “practice” 

implementation under the new rules.  The Agency began collecting groundwater consumption 

fees in 2021. 

 

The Plan includes monitoring, evaluating, and reporting of sustainability conditions to assess the 

progress of the Plan. This Plan is set to develop and implement groundwater management actions 

to achieve the sustainability goal, set forth in this Plan. It also includes tracking the development 

of any projects that are implemented in order to assess their benefit to the Subbasin and whether 

to modify the management action plan.  

 

6.3 Source of Funding § 350.6(e) 

23 Cal. Code Regs. § 354.6 Agency information. When submitting an adopted Plan to the 

Department, the Agency shall include a copy of the information provided pursuant to Water Code 

Section 10723.8, with any updates, if necessary, along with the following information:  

(e) An estimate of the cost of implementing the Plan and a general description of how the Agency plans 

to meet those costs. 

The Agency has identified several potential sources of Funding. The following list and subsections 

described those potential sources of funding. While these potential sources of funding have been 

identified, the anticipation is, as the Plan is implemented, the plan will be refined over time, and, 

based on those refinements, the sources of funding may change as well. 

 

List of Potential Sources of Funding 

• Pixley Irrigation District General Fund 

• Land Based Assessment Fees 

• Transitional Consumption Fees 

• Over-Consumption Penalties 

• Grant Programs 

• Federal and State Agency Programs 

 

6.3.1 Pixley Irrigation District General Fund 

Beginning with the 2020, implementation period, administrative and overhead costs of the plan 

were funded through the Pixley Irrigation District annual general operating budget. Projects and 

management actions are being funded through the collection of the Transitional Water 

Consumption fees.  
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6.3.2 Land Based Assessment Fees 

During 2020, the Pixley Irrigation District sought and obtained landowner approval to change the 

funding structure of the District, using a Proposition 218 proceeding.  The new funding structure 

has a three part land-based assessment: (1) a General Assessment to cover, General, 

Administration and Operations and Maintenance expenses, (2) a Water Supply Assessment to 

cover the cost of purchasing and recharging surface water in wet years and (3) a Capital Projects 

Assessment to help fund some of the projects described in Section 5 of this Plan.  The Water 

Supply Assessment covers the cost of the portion of groundwater credits allocated to landowners 

under this Plan for surface water brought in and recharged by the District on behalf of the 

landowners. The Agency implemented the new funding structure in 2021.  

 

6.3.3 Transitional Consumption Fees 

As described in Section 5.2 of the Plan, there will be an initial period of time referred to as a 

transitional pumping period. This transitional period will allow for water users to transition from 

current farming practices and groundwater consumption quantities to farming practices and 

consumption quantities that will bring the Agency into sustainability. The transitional period will 

also allow the Agency to gather better data, fill in data gaps and better analyze and prioritize 

projects needed for the most efficient and effective ways to reach sustainability. For every acre-

foot of water consumed above the safe yield, the water user will pay fees, as set annually by the 

District Board of Directors.  The fees collected will be used to help fund the implementation of 

projects and management actions identified in Section 5.1 of the Plan. These costs could include 

impact mitigation costs, feasibility studies, environmental documentation, engineering studies and 

designs and project construction among other activities. 

 

6.3.4 Over-Consumption Penalties 

As described in Section 5.7.4 Enforcement of Plan Actions, one of the enforcement actions will 

be financial penalties for exceeding allowable consumption limits defined in the Plan to be 

established by the Board of Directors each year with input from the GPC. Similar to the 

Transitional Consumption Fees, the over-pumping penalties collected will be used to help fund 

the implementation of projects and management actions identified in Section 5.1 of the Plan. 

These costs could include impact mitigation costs, feasibility studies, environmental 

documentation, engineering studies and designs and project construction among other activities. 

 

6.3.5 Grants 

Staff will look for grant programs to supplement the Plan Implementation and project construction 

funding. SGMA/GSA/GSP development funding has been available through various California 

Department of Water Resources programs. Water Use Efficiency and other project construction 

and implementation funding has previously been available through both DWR and the United 

States Bureau of Reclamation. To the extent that grant funding programs become available for 

Plan implementation and/or project construction and implementation, the Agency will be proactive 

in being prepared to apply for and put to use such grant funds. 
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6.3.6 Federal and State Agency Programs 

There are various ongoing programs being implemented by federal and state agencies that could 

also provide a source of funding for either groundwater recharge (wetlands) or land retirement. 

Some programs require the agencies to meet specific targets for wetlands and/or upland species 

habitat. In addition, the state and federal agencies have, in the past, purchased land for refuge 

and/or other land conservation programs for species benefits. These programs could provide a 

revenue source to assist in meeting the groundwater recharge and land retirement programs 

outlined in Section 5.1.2 and Section 5.1.3 of the Plan. 

 

6.4 Monitoring and Reporting  

The Agency directs the monitoring programs outlined in Section 4 to track conditions related to 

the four applicable sustainability indicators. Data form the monitoring programs is evaluated to 

ensure progress is being made towards sustainability or identify whether undesirable results are 

occurring. Data is maintained in the Data Management System (DMS) defined in the Tule 

Subbasin Coordination Agreement (see Appendix A). Data from the monitoring program is used 

by the Agency to guide decisions on management actions and prepare annual reports to DWR 

and stakeholders and individual entities to guide decisions on projects. SGMA regulations require 

that the reports comply with DWR forms and submittal requirements that will be published by 

DWR, and that all transmittals are signed by an authorized representative. These transmittals are 

available to the public through the DWR SGMA portal.  Sections 6.4.1 Annual Reports and 6.4.2 

Five-year GSP Assessment provide details on the reports prepared by the Agency and 

submitted to DWR. 
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6.4.1 Annual Reports § 356.2(a); § 356.2(b)(1)(A); § 356.2(b)(1)(B):  § 356.2(b)(2); § 

356.2(b)(3); § 356.2(b)(4); § 356.2(b)(5)(A); § 356.2(b)(5)(B); § 356.2(c) 

23 Cal. Code Regs. § 356.2 Annual Reports. (e) Each Agency shall submit an annual report to the 

Department by April 1 of each year following the adoption of the Plan. 

(a) General information, including an executive summary and a location map depicting the basin covered 

by the report. 

(b) A detailed description and graphical representation of the following conditions of the basin managed 

in the Plan: 

  (1) Groundwater elevation data from monitoring wells identified in the monitoring network shall be 

analyzed and displayed as follows: 

     (A) Groundwater elevation contour maps for each principal aquifer in the basin illustrating, at a 

minimum, the seasonal high and seasonal low groundwater conditions. 

     (B) Hydrographs of groundwater elevations and water year type using historical data to the greatest 

extent available, including from January 1, 2015, to current reporting year. 

  (2) Groundwater extraction for the preceding water year. Data shall be collected using the best 

available measurement methods and shall be presented in a table that summarizes groundwater 

extractions by water use sector, and identifies the method of measurement (direct or estimate) and 

accuracy of measurements, and a map that illustrates the general location and volume of groundwater 

extractions. 

  (3) Surface water supply used or available for use, for groundwater recharge or in-lieu use shall be 

reported based on quantitative data that describes the annual volume and sources for the preceding 

water year. 

  (4) Total water use shall be collected using the best available measurement methods and shall be 

reported in a table that summarizes total water use by water use sector, water source type, and identifies 

the method of measurement (direct or estimate) and accuracy of measurements. Existing water use 

data from the most recent Urban Water Management Plans or Agricultural Water Management Plans 

within the basin may be used, as long as the data are reported by water year. 

  (5) Change in groundwater in storage shall include the following: 

     (A) Change in groundwater in storage maps for each principal aquifer in the basin. 

     (B) A graph depicting water year type, groundwater use, the annual change in groundwater in 

storage, and the cumulative change in groundwater in storage for the basin based on historical data to 

the greatest extent available, including from January 1, 2015, to the current reporting year. 

(c) A description of progress towards implementing the Plan, including achieving interim milestones, 

and implementation of projects or management actions since the previous annual report. 

Annual reports have been and will continue to be submitted to the DWR starting on April 1, 2020. 

The purpose of the report is to provide monitoring and total groundwater use data to DWR, 

compare monitoring data to the sustainable management criteria, and to adaptively manage 

actions and projects implemented to achieve sustainability. Annual Reports are available on the 

District website: http://www.ltrid.org/sgma/  
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6.4.2 Five-year GSP Assessment § 356.4(a); § 356.4(b); § 356.4(c); § 356.4(d); § 

356.4(e)(1); § 356.4(e)(2); § 356.4(e)(3); § 356.4(f); § 356.4(g); § 356.4(h); § 356.4(i); § 

356.4(e)(j); § 356.4(k) 

23 Cal. Code Regs. § 356.4 Periodic Evaluation by Agency. Each Agency shall evaluate its Plan at 

least every five years and whenever the Plan is amended, and provide a written assessment to the 

Department. The assessment shall describe whether the Plan implementation, including implementation 

of projects and management actions, are meeting the sustainability goal in the basin, and shall include 

the following: 

(a) A description of current groundwater conditions for each applicable sustainability indicator relative to 

measurable objectives, interim milestones and minimum thresholds. 

(b) A description of the implementation of any projects or management actions, and the effect on 

groundwater conditions resulting from those projects or management actions. 

(c) Elements of the Plan, including the basin setting, management areas, or the identification of 

undesirable results and the setting of minimum thresholds and measurable objectives, shall be 

reconsidered and revisions proposed, if necessary. 

(d) An evaluation of the basin setting in light of significant new information or changes in water use, and 

an explanation of any significant changes. If the Agency's evaluation shows that the basin is 

experiencing overdraft conditions, the Agency shall include an assessment of measures to mitigate that 

overdraft. 

(e) A description of the monitoring network within the basin, including whether data gaps exist, or any 

areas within the basin are represented by data that does not satisfy the requirements of Sections 352.4 

and 354.34(c). The description shall include the following: 

  (1) An assessment of monitoring network function with an analysis of data collected to date, 

identification of data gaps, and the actions necessary to improve the monitoring network, consistent with 

the requirements of Section 354.38. 

  (2) If the Agency identifies data gaps, the Plan shall describe a program for the acquisition of additional 

data sources, including an estimate of the timing of that acquisition, and for incorporation of newly 

obtained information into the Plan. 

  (3) The Plan shall prioritize the installation of new data collection facilities and analysis of new data 

based on the needs of the basin. 

(f) A description of significant new information that has been made available since Plan adoption or 

amendment, or the last five-year assessment. The description shall also include whether new 

information warrants changes to any aspect of the Plan, including the evaluation of the basin setting, 

measurable objectives, minimum thresholds, or the criteria defining undesirable results. 

(g) A description of relevant actions taken by the Agency, including a summary of regulations or 

ordinances related to the Plan. 

(h) Information describing any enforcement or legal actions taken by the Agency in furtherance of the 

sustainability goal for the basin. 

(i) A description of completed or proposed Plan amendments. 

(j) Where appropriate, a summary of coordination that occurred between multiple Agencies in a single 

basin, Agencies in hydrologically connected basins, and land use agencies. 

(k) Other information the Agency deems appropriate, along with any information required by the 

Department to conduct a periodic review as required by Water Code Section 10733.. 



Pixley Irrigation District GSA  GSP | Section 6 

6-8 Rev_01.21.2020 

As a SGMA regulatory requirement, five-year Plan assessment reports will be provided to DWR 

starting in 2025. The Agency shall evaluate the Plan at least five years to assess whether it is 

achieving the sustainability goal in the Subbasin. The assessment will include a description of 

significant new information that has been available since the Plan’s adoption or amendment and 

whether the new information or understanding changes aspects of the plan. 
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Pixley  Irrigation District Background 

Pixley Irrigation District (PIXID/District) supplies supplemental water for district-wide 

crop irrigation to more than 48,000 acres of irrigatable land and has over 67 miles of canals 

and rivers. Pixley Irrigation District serves many landowners and large dairy industries. 

The District strive to provide an affordable and reliable water supply for present and future 

generations and are dedicated to service and excellence in water resources management. 

Pixley Irrigation District Groundwater Sustainability Agency (PIXID GSA) is a Groundwater 

Sustainability Agency (GSA) was formed and approved by the Department of Water 

Resources (DWR) on 2016. Pixley Irrigation District Groundwater Sustainability Agency 

serves more than 68,000 acres within its boundary.  

PIXID GSA is tasked with preparing and implementing a Groundwater Sustainability Plan 

(GSP) across its’ boundary jurisdiction.  

 

 

 

 

 

 

 

 

 

Contact: 

Eric Limas, Manager 

Pixley Tule River Irrigation District  

Phone: (559) 804-8816 

Office: (559) 686-4716 

Email: Elimas@ltrid.org 

Website: www.ltrid.org  
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Introduction  

Sustainable Groundwater Management Act Overview 

The Sustainable Groundwater Management Act (SGMA) is a combination of three bills 
signed by California Governor Jerry Brown in 2014:  Assembly Bill (AB) 1739, Senate Bill 
(SB) 1168, and SB 1319.  SGMA provides local agencies with the framework to manage 
groundwater basins in a sustainable manner.  The legislation recognizes that groundwater 
is most effectively managed at the local level, and local agencies will need to achieve 
groundwater sustainability by 2040. 

In SGMA, sustainable groundwater management is defined as management of groundwater 

supplies in a manner that can be maintained in planning and implementation phases 

without causing undesirable results.  Undesirable results include: 

• significant and unreasonable chronic lowering of groundwater levels 

• reduction of groundwater storage 

• seawater intrusion 

• degraded water quality 

• land subsidence 

• interconnected surface waters.   

Requirements for Stakeholder Engagement 

The framework provided in SGMA recognizes that groundwater is most effectively 

managed at the local level. SGMA requires that Groundwater Sustainable Agency (GSA) 

consider the interests of all beneficial users and uses of groundwater and include them in 

the GSP development process. California’s Department of Water Resources (DWR) further 

emphasize the public engagement and consideration requirements in its Groundwater 

Sustainability Plan Regulations.  

Implementation of SGMA and Outreach requirements are broken down into phases: 

Phase 1: GSA formation and coordination has been completed. This phase stretched from 

2015 through 2018, and consisted of forming the Pixley Irrigation District GSA, establishing 

and maintaining the list of interested parties, establishing Groundwater Planning 

Commission (GPC), and creating the Communication, Outreach and Engagement plan to 

outline communication efforts for the GSP development, public review and implementation 

phases. Stakeholder input was utilized during the GSA formation phases, which was 

formally completed in August 2016, as beneficial users and stakeholders with interests in 

groundwater usage within the PIXID GSA’s boundary were notified via public meeting 

notices as soon as the process began. 
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Phase 2: GSP Preparation and Submission will span from 2018 through 2020. With the 

goal of having the drafted GSP by the first quarter of 2019, 2018 will primarily be the 

technical development of the plan, while working with the stakeholders for feedback and 

input. During 2018, direct interaction with the stakeholders, GPC group and other 

organization will be held with the purpose of educating and informing stakeholders about 

the SGMA and the GSP process, while also soliciting feedback and input from these groups 

to mitigate the negative impacts to beneficial users of groundwater as much as possible.  

Phase 3:  GSP review and evaluation, will be the primary focus of communication and 

engagement efforts. Once the draft of the GSP is completed in the second quarter of 2019, 

the public review process will begin. A 90-day comment period will be held, with the GSP 

draft posted on the PIXID GSA’s website for stakeholders to conveniently download and 

review. Outreach meeting will be held during this phase at locations the PIXID office. These 

meetings will focus on an overview of the GSP content, while giving stakeholders a public 

forum to provide their feedback and comments. Once the Public review period is 

completed, public comments will be taken into consideration and incorporated into the 

final version of the PIXID’s GSP.  

Phase 4: Following the submission of the GSP, GSA’s will immediately begin the 

implementation of efforts described in the GSP to reach sustainability within the Tule 

Subbasin. This will be an ongoing phase, as the required goal of SGMA is to reach 

sustainability by 2040, at the latest.  
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Figure A-1: Stakeholder Engagement Requirement by Phase 
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Communication, Engagement and Outreach Plan 

As required by SGMA, GSAs must consider the interests of all beneficial uses of 

groundwater and include them in the GSP development process. Pixley Irrigation District 

Groundwater Sustainability Agency’s (PIXID GSA) Communication, Engagement and 

Outreach Plan (CEOP) addresses how stakeholders within the GSA boundary are engaged 

through stakeholder’s education and opportunity inputs. A stakeholder engagement effort 

described by the Department of Water Resources (DWR) requires a communication 

program that reaches out to all interested parties and is fully coordinated with the 

development of Groundwater Sustainability Plan (GSP). DWR defines “stakeholder” as 

individuals who can affect or be affected by on organization’s activities; or individuals or 

groups with an interest or “stake” in what happens as a result of any decision or action.  

As Sustainable Groundwater Management Act (SGMA) pertains to stakeholder as 

individuals or groups that is interested of all beneficial uses and users of groundwater, 

considering the effects to other stakeholder groups in or around the Tule Subbasin with 

overlapping interest. The communication program needs to include a process to reach out 

to the public and potentially-affected individuals and communities in the Groundwater 

Sustainability Agency (GSA) area to solicit input and communicate all developments in the 

GSP. In addition, there must be a specific effort to inform disadvantage communities 

directly and tailored communication channels, through the PUD/CSD representative in 

Groundwater Planning Commission (GPC). Finally, the communication effort must 

document all the efforts to inform the public and the results of those efforts in terms of 

participation and input to sustain economic advancement and most importantly sustain 

water for future use.  

According to SGMA, the GSA should also implement the GSP regulations (Section 354.10) 

which requires a communication plan to: 

1. An explanation of the Agency’s decision-making process. 

2. Identification of opportunities for public engagement and a discussion of how public 

input and response will be used. 

3. A description of how the Agency (GSA) encourages the active involvement of diverse 

social, cultural, and economic elements of the population within the basin. 

4. The method the Agency (GSA) shall follow to inform the public about the progress 

implementing the plan, including the status of the projects and actions.  
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Section 1: Goals and Desired Outcomes 

1.1 Description and Background of the GSA and Subsequent GSP 

This section of the Communication, Engagement and Outreach Plan (CEOP) provides a 

description of the Pixley Irrigation District Groundwater Sustainability Agency (PIXID 

GSA), defines the goals of how to address the challenges, regulatory requirements and 

opportunities, and how to reach the desired outcomes of the communication efforts.  

 This communication program is designed to inform and activate the public and 

specific stakeholders to engage in the process to develop a GSP that will benefit the 

Tule Subbasin by achieving sustainability before January 31st, 2040 (sustainability 

day). To achieve this goal, the PIXID’s GSA is tasked with, among other things, 

monitoring the Tule Sub-basin’s water conditions and gathering pertinent data, 

conduct necessary studies and investigation; drafting and implementation of the GSP. 

SGMA requires designated GSAs, in this instance, Pixley Irrigation District to consider 

effect of GSP to the stakeholders, public, agricultural users and others in or around the 

Tule Subbasin.  

 

Also, PIXID is tasked to educated/inform the public about surface water and 

groundwater resources in the Tule Sub-basin, particularly in Pixley Irrigation Districts’ 

operation. SGMA also requires every GSA to engage with a diverse group of interested 

parties and stakeholders and promote feedback throughout the GSP preparation and 

implementation process. Another goal of PIXID is to employ variety of outreach 

programs to respond to public concerns and provide accurate clarification regarding 

SGMA implementation. In addition, the regulation requires PIXID to document all 

opportunities for public engagement and active involvement of stakeholders 

representing the diverse social, cultural, and economical foundations of the population 

within the Tule Sub-basin. 

1.2 GSA Background, Description, and Boundaries 

PIXID GSA is one of the six exclusive GSAs within the Tule Subbasin (table 1), as 

defined in the Bulletin 118. The Tule Subbasin is a high-priority basin in critical 

overdraft.  Per SGMA, PIXID GSA is required to submit a GSP to DWR by January 31st, 

2020. 

PIXID boundaries encompasses more than 69,000 acres and approximately 35,000 

residents. The land within the PIXID GSA is primarily agricultural in nature, with 

approximately 48,000 acres under production. Primary crops include row crops, 

cotton, corn and hay. Permanent crops predominate and make up more than 30,000 

acres of the irrigated landscape. 
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Table A-1: Tule Subbasin GSA and their Members 

Tule Subbasin GSAs GSA Member Entities 

Delano-Earlimart Irrigation District GSA Delano Earlimart 
Irrigation District 
 

Earlimart Public 
Utilities 
 

 

Alpaugh GSA Alpaugh Irrigation 
District 

Alpaugh 
Community 
Services District 

Atwell Island 
Water District 

 

 

Eastern Tulare GSA County of Tulare Vandalia Water 
District 

City of Porterville Terra Bella 
Irrigation District 

Sausalito Irrigation 
District 

Kern-Tulare Water 
District 

Teapot Dome 
Water District 

Porterville 
Irrigation District 

 

Lower Tule River Irrigation District GSA Lower Tule River 
Irrigation District 
Woodville 
Community Service 
District 

Poplar Community 
Service District 
Tipton Community 
Service 
Districts  

 

Pixley Irrigation District GSA Pixley Irrigation 
District 

Pixley Public Utility 
District 
Teviston Public 
Utility District 

 

Tri-County Water Authority  Angiola Water 
District 

Deer Creek Storm 
Water  
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Figure A-2: Pixley Irrigation District Boundaries 
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Figure A-3: GSA Boundaries  
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1.3 PIXID GSA’s Decision-Making Process 

The PIXID GSA has the responsibility to engage in a diverse population that is 

geographically spread throughout the Tulare County. PIXID GSA is governed by the 

Board of Directors. The Board of directors, and the Ground Planning Commission (GPC) 

are the main bodies that solely decide on GSP. The roles and responsibilities of these 

bodies are: 

• Board of Directors: The Board of Directors of the PIXID GSA will be responsible 

for the implementation of the GSP and making the final decision establishing the 

direction of the plan, overseeing implementation, and allocating resources 

appropriately. The board of directors and may be subject to change upon coming 

election are: 

o Division 1: Neal Westbrook 

o Division 2: Bill DeGroot 

o Division 3: Randall Parreira  

o Division 4: Russell Schott (Vice-President) 

o Division 5: Frank Junio (President) 

• Groundwater Planning Commission: Advices the Board of Directors on 

matters dealing with the GSA and GSP development, GSP implementation, and 

other GSA/GSP matters; open to the public and all interested stakeholders who 

wish to participate.  

1.4 Goals and Desired Outcomes of GSP Developments 

The primary goal of PIXID GSA is to develop and implement a GSP that has a least or 

very minimal effect to the economic disruption within its boundaries. One of the goals 

of this GSA is to establish a Subbasin that drive into sustainability and avoid the six 

undesirable results legislated by SGMA. By actively engaging and purposely 

educating/informing the public and stakeholder during GSP implementation. The 

Overall goal of the PIXID GSA is to reach groundwater sustainability as required by 

SGMA, while protecting, enhancing and managing the water resources and related 

assets to benefit the growers, communities and other beneficial users within the 

boundary. 

1.5 Commitment and Expectations 

PIXID GSA makes the following commitment to keep the public and stakeholders 

informed of its efforts to develop and implement GSP for the Basin. These 

commitments are consistent with-and supports-the PIXID GSA’s Groundwater 

Management Guiding Principles which, in conjunction with this Communication Plan, 

will guide development of the GSP. 
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• To engage with a diverse group of stakeholders, including any 

disadvantaged communities, during development of implementation of 

the GSP. 

• To educate stakeholders about water resources in the Basin, the benefits 

and challenges of sustainable groundwater management under SGMA, 

and the PIXID GSA’s process to comply with SGMA’s requirements and 

ensure that the Basin is sustainably managed for future generations.  

• To consider the interests of all the Basin’s beneficial uses and users of 

groundwater during development and implementation of the GSP.  

• To be open and transparent during the development and implementation 

of the GSP.  

• To provide fair access to stakeholders and reasonable opportunities for 

input and feedback during the GSP development and implementation 

process.  

• To pursue a variety of outreach and engagement methods to encourage 

broad stakeholder participation and collaboration.  

• To promote certainty and confidence in the PIXID GSA’s actions by 

establishing and following transparent procedures and providing clear 

and objective information to stakeholders about the contents of the GSP.  

• To ensure all questions, comments and ideas from stakeholders are 

addressed. 

1.6 GSP Communication and Objectives 

The communication objective is to encourage the active involvement of diverse social, 

cultural, and economic elements of the population within the PIXID boundaries, so far 

more to effectively educate/inform all the beneficial users of groundwater. PIXID s goal 

during the GSP implementation is to provide a meaningful opportunity for engagement 

and input to the final plan. There are many opportunities for the public and 

stakeholder to input their assistance. Such opportunities will come from: events, 

workshops, educational material, meetings, leaving comments on the website 

(www.ltrid.org/SGMA), and most importantly setting a meeting with one of PIXID staff. 

All input received from the public and stakeholders will be reviewed by the GPC and 

strongly considered during the implementation and GSP development.  

1.7 Overriding Concerns, Major Concerns or Challenges 

Throughout the preliminary discussions with stakeholders in the PIXID GSA boundary, 

the major concerns, challenges or overriding concerns are fixated around the economic 

impacts to the agricultural industry, which will have a direct impact on the 

Disadvantage Communities (DACs). The economic impact could include major loss of 

jobs and loss of tax generated revenue due to the decrease of land values of fallowed 

http://www.ltrid.org/SGMA
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land. Decrease in water budget could likely inhibit agriculture work from thriving, thus 

affecting the socio-economics around the PIXID boundary. DACs may confront 

increased costs of agricultural products and byproducts due to reductions in cropped 

acres and diminished farm incomes. PIXID will focus on ways to engage with 

agricultural industries and the DACs for which they are the most impacted by the 

implementations of SGMA.  

Section 2: Stakeholder Identification  

2.1 Active Stakeholder Groups 

The active stakeholder groups of the PIXID GSA are members of the Board or Directors 

and Ground Planning Commission. The following list identifies stakeholder groups who 

have an interest in the beneficial use of the groundwater, as determined by the PIXID 

GSA, based on those listed in SGMA, Section 10723.2.  

• Agricultural Users – Almost all lands within PIXID boundary are composed of 

agricultural users. A significant number of these agricultural users are solely 

dependent on groundwater and surface water for their irrigation needs.  

• Domestic Well Owners – These are the small farms, ranches, and 

interconnected small wells that are located within the PIXID boundary.  

• Public Water System – There are three water system within the PIXID GSA. 

Pixley Public Utility District, Teviston Public Utility District. The public utility 

districts have entered to a Memorandum of understating (MOU) that they will 

have one non-voting seat in the GPC. It is in our understanding that the public 

utility district entered into an agreement to send one representative to the GPC 

meetings and will be responsible for distributing information to its constituents.  

• Local land use planning agencies - Local land use planning agency include the 

county of Tulare.  

• Environmental users of groundwater – U.S Department of Fish and Wildlife, 

PIXID will coordinate with the fish and wildlife to fully cooperate and aid their 

needs. 

• California Native American Tribes – at this point PIXID is not aware of any 

Members of the Native American tribe. According to the CWC § 10720.3 Native 

American may voluntarily agree to participate in any planning or discussion of 

GSP. 

• Disadvantaged communities, including but not limited to, those served by 

private domestic wells or small community water systems – these includes 

the community of Pixley and the community of Teviston.  

• Entities listed in Water Code section 10927 that are monitoring and 
reporting groundwater elevation in all or part of a groundwater basin 
managed by the groundwater sustainability agency – at this point PIXID has 
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not identified any entities that are listed in the water code section 10927, but 
they are highly encouraged to do participate. 

• Entities listed in Water Code section 10927 that are monitoring and 
reporting groundwater elevation in all or part of a groundwater basin 
managed by the groundwater sustainability agency – at this point PIXID has 
not identified any entities that are listed in the water code section 10927, but 
they are highly encouraged to do participate. 

Section 3: Stakeholder Survey and Overview 

3.1 Survey and Overview  

PIXID’s stakeholders and the public will have an ongoing opportunity to provide input 

and perspective throughout the GSP development. PIXID will collect stakeholder input 

through formal survey, public comment at regular meetings, open discussion, and 

other forms of both direct and indirect communication. Recognizing that not everyone 

will understand the contents of SGMA at first, public education, and SGMA helpful 

information will be posted in the PIXID website.  

 
This section provides a brief overview of the activities PIXID has taken to date to 
review stakeholders regarding the GSP development process. 

3.2 Stakeholder Survey 

Taken from the DWR’s Stakeholder Survey Toolkit, PIXID has created some initial 

survey with the following questions 

• Are you familiar with SGMA regulations? 

• Are you currently engaged in activities or discussions regarding groundwater 

management in this region? 

• Do you own, manage, or operate land in this basin? 

• Do you manage water resources? 

• If so, what is your role? 

• Are bilingual information and meeting materials needed? 

• There are six (6) items that SGMA defines as an undesirable result that PIXID 

must consider in the GSP. Do you know what they are, and ranking them from 

highest to lowest priority, what are they? 

• What are your primary concerns about surface water supply int his region? 

• What else should PIXID consider as it develops the GSP? 

• What else would you like to know about the PIXID GSP process.  

3.3 Regular Meeting and Lay of the Land Overview  

As mentioned in the previous sections, PIXID is composed of Board of Directors and the 
Groundwater Planning Commission as an advisory committee to the Board of 
Directors. Since PIXID GSA is using an engage and direct approach with engaging 
stakeholders, inputs from the beneficial users will be used as a basis for the 
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development of education material and key message and talking points. For any 
technical issue presented to the Groundwater Planning Commission (GPC), it will be 
written and evaluated by the technical team and be presented to the Board of 
Directors. This has been the process that PIXID GSA has utilized and will continue to 
develop the GSP. 
(Key interest of stakeholders related to groundwater and surface water within the PIXID 
GSA boundary includes:) 

• Surface water allocation 
• SGMA impact to water credit transfer 
• Groundwater pumping (water pumping ceiling/limits/tracking) 
• Land Subsidence 
• Land Value 
• Land retiring/fallowed 
• General Farming issues  

3.3.1 Key Documented Issues 

While PIXID is aware of the issues brought up by the stakeholders, PIXID has 
documented some key issues that are currently or may affect the interest of the 
stakeholders in the future. Additional issues will be documented and added to the 
list as they arise during the GPC and Board of Director Meeting. Some of the 
issues that has been documented are as follows: 

• Fallowed Land/Loss of Productive Agricultural Land: The preliminary 
studies and water budget for the PIXID beneficial users of surface water 
may need to reduce/retire some of the irrigatable land to achieve 
sustainability.  

• Decreased in Land Value: This is one of the issues that comes up at the 
meeting. Since the land is tied up to the water rights, many of this land 
may lose some of the monetary value.  

• Land Subsidence Near the Critical Infrastructures: In between the 
intersection of Kern Friant Canal, Tule River and upstream of Friant Canal 
and Deer Creek, PIXID have seen significant loss of water delivery 
capacity in some of the structures. Kern Friant Canal is a vital delivery 
system for the beneficial users in the PIXID boundary.  

• Economic stability within the agricultural economy: The 
loss/restriction of water pumping may reduce the crop production 
therefore reducing the profit generated in the agricultural economy. Also, 
thus reducing tax generated income within the PIXID boundary. 

Section 4: Message and Talking Points 

4.1 Messages and Talking Points Overview 

Key messages and talking points will be broken down by phases and beneficial user 

groups, as different issues and factors may arise with the different groups. PIXID 

understands that clear and consistent messaging is critical during various phases of 

GSP development and implementation.  The PIXID GSA has developed some 
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information and talking points posted in the PIXID website. Thus, these posted talking 

points are not final and may be subjected to change. Also, every meeting agenda is 

posted in the website and sent to the users that are subscribed to the email blast.  

Monthly email blast will be sent out to the subscribed user. This will contain the 

monthly update regarding the GSP implementation and newsletter regarding the SGMA 

timeline. (To be part of the interested party list please contact the PIXID office) 

4.2 Key Messages and Talking Points 

Messaged and key Talking Points will be subjected to change according the different 

phase. Some of these will be developed and further improved at a later date when 

PIXID approaches the different phase.  

Some of the Key Messages and Talking Points may include some of the following: 

• What is Sustainable Groundwater Management Act? 
• What is the role of PIXID in SGMA? 
• What are they key factors in GSP that can affect beneficial users? 
• How can a beneficial user/stakeholder get involve? 
• What are the key significances/impacts that SGMA have in the beneficial users 

or DACs in PIXID boundary? 
• What are the necessary steps to take to achieve sustainability? 
• How much water thus the beneficial users are able to pump? 
• Will beneficial users have to retire some of their irrigatable land? 
• How can stakeholders voice their opinion? 

4.3 Key Phases and Talking Points 

4.3.1 GSA formation 

Phase 1 is complete. Key messages and talking point were focused on: 

• What is SGMA 

• What and how was GSA formed? 

4.3.2 GSP Preparation and Submission 

Phase 2 is currently ongoing. Key messages and talking points during this phase 

include: 

• What are the components of GSP development? 

• How can beneficial users and stakeholders can get involve during the 

preparation of GSP? 

• What role does the GPC have in the preparation of GSP? 

• What are the current and future project that the GSA is considering? 

• How will the GSA use the information gathered from Harder’s report and 

Land SAT data? 

• What educational resources is there for the stakeholders and the 

beneficial users? 
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4.3.3 GSP Review and Evaluation: 

Phase 3 will consist of reviewing the draft and public evaluation. 

• What’s next? 

• Timeline and GSP process. 

• Process of public review of the drafted GSP and public comments to the 

drafted GSP. 

4.3.4 GSP Implementation 

Phase 4 will begin following the submission of the adopted GSP to the DWR. 

Messages and talking point will focus on the implementation timeline, and 

possible revision of the plan after its implementation. 

(Some of these questions are answered in www.ltrid.org/sgma, and many of these 
questions has yet to be answered and documented. As mentioned above, many of 
these questions will developed and will be answered as different phase arrives)   

Section 5: Venues for Engaging  

5.1 Overview of Venues for Engaging 

There are variety of opportunities, venues and methods for the PIXID GSA to connect 

with and engage with the beneficial users and the stakeholders throughout the GSP 

development. PIXID will use the traditional ways of engaging with its’ beneficial users 

and stakeholders, PIXID encourages their stakeholders and beneficial users to attend 

the GPC and Board of Director meeting. Agendas, meeting packets, additional and vital 

information will be posted on the website and will also be sent out to the subscribed 

users.  

Regular Meetings are held according to the following schedule: (Regular meetings are 

subject to change, notice will be sent out to the subscribed users.) Meetings will be held at 

the PIXID Office located at 357 East Olive Avenue, Tipton, CA 93272, unless otherwise 

changed. 

• Board of Directors Meeting: Held every 2nd Thursday of every month at 

9AM. 

• Groundwater Planning Commission (GPC): Held every 4th Friday of every 

Month at 10 AM 

• SGMA Technical Committee Meeting: Held every 2nd Wednesday of every 

Month at 2PM.  

(For event information visit www.ltrid.org/calendar/events) 
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5.2 Public Meeting and Presentation (educational/informative) 

Educational and informative outreach is a vital part of this communication, 

engagement and outreach plan.  PIXID has developed ways to distribute the meeting 

contents and way to advertise the upcoming meetings. PIXID has developed a SGMA 

section in the website to answer various questions. Presentations are also included in 

the website. PIXID GSA also developed the following:  

5.2.1 Public Outreach 

• Reach out to Tulare County Farm Bureau with information about the program 

and encourage them to provide the public with information about the process 

and contact information from PIXID. 

• Send direct mail to holders of groundwater rights within defined parameters. 

• Send regular GSP update, email-blasts to stakeholders. 

• Word of mouth through stakeholders that attend meetings to spread the 

word. 

5.2.2 Organization Outreach 

• Send direct information through the Tule Sub basin Water Quality Coalition 

who is operating in Tule Sub-basin and communicates with the same 

stakeholders, encouraging them to visit PIXID website and review SGMA 

contents online 

5.2.3 Public Officials and Government Agencies Outreach 

• Meet with elected and appointed officials regarding the process and the role 

they can play in the development of the GSP 

5.2.4 Stakeholder Advisory Committee 

• PIXID has created a Groundwater Planning Commission (GPC), which is 

advisory to the GSA board. The GPC is comprised of landowners within the 

GSA as well as a representative of the CSD’s and PUD’s covered under the 

plan.  The GPC is tasked with developing the GSP and will assess outreach 

efforts and provide input and advice for reaching audience and engaging 

other local stakeholders. Meetings are held monthly and publicly noticed. 

5.3 Printed Material, Digital Communication and Postage 

PIXID GSA will rely heavily of the use of digital communication to provide notice, 

communication and materials related to the implementation of GSP. PIXID GSA will 

also developed printed material to be sent out to the stakeholders and beneficial user. 

Communication effort will include: 

• PIXID Website: www.ltrid.org/sgma   
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• Meeting postings and Notices: Email Blast 

• Meeting Agendas and Packet: will be sent out to the subscribed user and printed 

and provided during the meeting. 

• Presentation: will be posted on the website and sent out to the subscribed user. 

Section 6: Implementation and Timeline: 
The GSP has a specific timeline established by the Department of Water Resources to 

meet certain obligations of the SGMA: 

• Phase 1: GSA Formation and Coordination – 2015 through 2017 

• Phase 2: GSP Preparation and Submission – 2017 though 2019 

• Phase 3: GSP Review and Evaluation – 2019 through 2020 

• Phase 4: GSP implementation and Reporting: 2020 and ongoing 

This timeline is subject to change with the progression of the GSP development and 

implementation phases 

Section 7: Evaluation and Assessment 
PIXID GSA will utilize traditional and new media tools to assess success in achieving its 

communication goals. If the outreach program is not meeting its’ goals and lacking 

success, PIXID GSA will re-assess and expand its efforts. The assessment will include 

the following: 

• Website monitoring: PIXID has the ability to check how many people are viewing 

the website daily, monthly and yearly. PIXID can see the traffic and get 

information on the traffic in the website.  

• Public comment section during the PIXID meeting regarding outreach, how they 

got the information regarding the meeting. 
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July 2018

•Section 1: Introduction

Augugst 2018

•Section 2: Basin Setting
•Section 3: Monitoring Networks

October-
December 2018

•Section 3: Sustainable Management Criteria
•Section 5: Project & Management Criteria
•Section 6: Plan Implementation
•Section 7: Reference of Technical Studies

October 2018-
March 2019

•Land Owner Meeting
•Review Draft Plan Implementation
•Plan Coordination

April 2019

•Draft Plan Presented to the Board of Directors for Approval

August 2019

•Plan & Financing voted on via 218 Election  (subject to change)
•Public Review

January 2020

•Plan Submission to DWR for approval

 

Figure A-4: GSP Timeline & Schedule for Draft Plan 
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Section 7. References § 354.4(b) 

23 Cal. Code Regs. § 354.4 General Information. Each Plan shall include the following general 

information:  

(b) A list of references and technical studies relied upon by the Agency in developing the Plan. Each 

Agency shall provide to the Department electronic copies of reports and other documents and 

materials cited as references that are not generally available to the public. 

California Association Local Agency Formation Commission. (2006). Community Service District 

Law. 

California Department of Water Resources. (2014). DWR's Land Use Viewer. Retrieved from 

https://gis.water.ca.gov/app/CADWRLandUseViewer/ 

California Department of Water Resources. (2016). California's Groundwater Bulletin 118, 

Tulare Lake Hydrualic Region, San Joaquin Valley Groundwater BAsin, Tule Subbasin.  

California Department of Water Resources. (2019). NC Dataset Viewer. Retrieved from 

https://gis.water.ca.gov/app/NCDatasetViewer/ 

California Department of Water Resources. (2019). Water Data Library. Retrieved from 

http://wdl.water.ca.gov/waterdatalibrary/ 

California Department of Water Resources. (2019). Well Completion Report Map Application. 

Retrieved from 

https://dwr.maps.arcgis.com/apps/webappviewer/index.html?id=181078580a214c0986e

2da28f8623b37 

California Department of Water Resources. (n.d.). Sustainable Groundwater Management Act. 

2016. 

California Division of Drinking Water. (2018). California Code of Regulations, Tittle 22.  

California Soil Resource Lab. (2015). Soil Agricultural Groundwater Banking Index. Retrieved 

from https://casoilresource.lawr.ucdavis.edu/sagbi/ 

California State Water Resources Control Board. (2019). GAMA Groundwater Information 

Center. Retrieved from 

https://gamagroundwater.waterboards.ca.gov/gama/gamamap/public/Default.asp 

County of Tulare. (2012). 2030 General Plan Update.  

County of Tulare. (2017) Teviston Hamlet Plan 2017 

County of Tulare. (2015). Pixley Community Plan Update 2015.  

County of Tulare. (2018). Draft EIR for Tulare County General Plan 2030.  
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County of Tulare, Environmnetal Health Services Division. (n.d.). Well Ordaniance. 2019. 

Deer Creek and Tule River Authority. (2018). Intergraed Region Water Management Plan.  

Department of Water Resources. (2019). Water Management Planning Tool. Retrieved from 

https://gis.water.ca.gov/app/boundaries/ 

Pixley Irrigation District (Pixley ID). (2017). Water Management Plan Update.  

Pixleyr Irrigation District. (2018). Pixley Irrigation District Water Management Plan (WMP).  

Thomas Harder & Co. (2019). Tule Subbasin Monitoring Plan (TSMP).  

Tulare County Local Agency Formation Commission. (2016). Lower Tule Irrigation District. 

Tule Basin Management Zone. (2021). Early Action Pan, Attachment F of the Preliminary 

Management Zone Proposal. 

Tule Baisn Water Quality Coalition (TBWQC). (2017). Groundwater Quality Trend Monitoring 

Workplan Addendum.  

Tule Basin Water Quality Coalition (TBWQC). (2014). Surface Water Monitoring Plan.  

Tule Basin Water Quality Coalition (TBWQC). (2016). Comprehensive Groundwater Quality 

Monitoring Plan.  

Tule Basin Water Quality Coalition (TBWQC). (2016). Groundwater Assessment Report (GAR) 

Adendum.  

Tule Subbasin Technical Advisory Committee. (August 2019). DRAFT Tule Subbasin 

Coordination Agreement. Technical. 

Williamson. (1989). Groundwater Flow in the Central Valley, California. USGS. 

 

Additionally, documents prepared for the Tule Subbasin MOU Group are referenced throughout 

this GSP and are attachments to the Tule Subbasin Coordination Agreement. These documents 

were prepared by Thomas Harder and Co., the consulting hydrogeologist for the subbasin, 

attached to Appendix A:  Tule Subbasin Coordination Agreement, and include: Tule Basin 

Monitoring Plan, Tule Basin Sustainable Management Criteria, Tule Subbasin Setting. These 

documents include reference sections that provide reference and information relied upon during 

preparation. 
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I. INTRODUCTION 
 

1.1 General (§357.4(a)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(a), the GSAs hereby enter into this Coordination 
Agreement.  The Tule Subbasin identified by DWR as No. 5-22-13 of the Tulare Lake Hydrologic 
Region, Figure 1-1, is currently composed of seven GSAs.  Each GSA within the Tule Subbasin 
has previously submitted notice to the Department of its intent to implement and develop its own 
GSP pursuant to 23 CCR §353.6.  As a result, a Coordination Agreement is necessary as multiple 
GSAs within the Tule Subbasin are developing and implementing independent GSPs.  The purpose 
of this Coordination Agreement is to fulfill all statutory and regulatory requirements related to 
Intra-basin coordination agreements pursuant to the Sustainable Groundwater Management Act 
(“SGMA”). 

FIGURE 1-1:  TULE SUBBASIN 
  
1.2 Parties 

 
The Parties to this Coordination Agreement are the seven (7) exclusive GSAs within the 

Tule Subbasin identified as follows:  
 

1. Eastern Tule Groundwater Sustainability Agency (“ETGSA”),  
2. Tri-County Water Authority Groundwater Sustainability Agency (“TCWA GSA”),  
3. Pixley Irrigation District Groundwater Sustainability Agency (“PIXID GSA”),  
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4. Lower Tule River Irrigation District Groundwater Sustainability Agency 
(“LTGSA”),  

5. Delano-Earlimart Irrigation District Groundwater Sustainability Agency (“DEID 
GSA”), and  

6. Alpaugh Groundwater Sustainability Agency (“Alpaugh GSA”)  
7. Tulare County Groundwater Sustainability Agency (“Tulare County GSA”) 

 
It should be noted the Tulare County GSA has entered into MOUs concerning coverage of 

territories under adjacent GSPs and although there are seven GSAs there will be six GSPs covering 
the Tule Subbasin.  Hereinafter the foregoing is collectively referred to as “Parties” or “Tule 
Subbasin GSAs” or individually as “Party”, Figure 1-2. Collectively, the Parties’ jurisdictional 
areas cover the Tulare Lake Hydrologic Region San Joaquin Valley Groundwater Basin, Tule 
Subbasin, a groundwater subbasin recognized by DWR as described in Groundwater Bulletin 118 
and also identified as Groundwater Basin Number 5-22.13. 

FIGURE 1-2:  TULE SUBBASIN GROUNDWATER SUSTAINABILITY AGENCIES 
 

1.3 Plan Manager (§§357.4(b)(1), 351(z)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(b) and §351(z), the Plan Manager or point of contact 
with DWR, who is responsible for reviewing this Agreement and the GSPs prepared by each 
respective GSA and delegated the authority under this Agreement to submit information on behalf 
of the GSAs within the Tule Subbasin to DWR, shall be the selected chairperson of the Tule 
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Subbasin Technical Advisory Committee (TAC), which consists of representatives from each 
Party.  Currently, the Chairperson of the Tule Subbasin TAC is: 

 
David De Groot, Principal Engineer 
324 S. Sante Fe, Suite A 
Visalia, CA 93292 
559-802-3052 
davidd@4-creeks.com 
  
The Parties agree that no GSP shall be submitted by the Plan Manager without the prior 

authority to do so being granted by the respective GSA that prepared that GSP.   
 
1.4 Process for submitting all Plans, Plan amendments, supporting information, 

monitoring data, annual reports and periodic evaluations.  (§357.4(d).) 
 

Pursuant to 23 Cal. Code Regs. §357.4(d), this section describes the process for submitting 
GSPs, plan amendments, supporting information, monitoring data, and other pertinent 
information, along with annual reports and periodic evaluations to DWR.  Each GSA shall provide 
to the Chairperson of the Tule Subbasin TAC the approved GSP, any subsequent GSP amendments 
and supporting information for submittal to the DWR.  All GSAs within the Tule Subbasin shall 
endeavor to complete all GSP requirements in a timely manner.   

 
The Plan Manager shall be responsible for submitting all required information to DWR in 

compliance with SGMA and 23 Cal. Code Regs. §353.4.  No information shall be submitted by 
the Plan Manager without the prior written authorization of each responsible GSA.   

 
1.4.1 Groundwater Sustainability Plans, Plan Amendments, and Supporting 

Information (§355.2, §355.10) 
 
The Parties agree that each GSA shall prepare and submit its respective GSP and 

supporting information to the Tule Subbasin TAC so each GSP can be reviewed by the other GSAs 
in the Subbasin prior to the GSPs being submitted to the DWR.  The Parties shall notify the other 
GSAs of future amendments and updates to their respective GSPs.  The Parties agree that they 
endeavor to provide each other with as much notice of such amendments and updates as practically 
possible, but that the baseline, minimum noticing requirements will be what the SGMA 
Regulations require for public notice.  Any plan amendments shall also be circulated to the other 
GSAs for review and submitted to the Plan Manager for submittal to DWR. 

 
1.4.2 Monitoring Data (§354.40) 

 
Basin-wide monitoring data will be collected in accordance with the Tule Subbasin 

Monitoring Plan, provided in this Coordination Agreement as Attachment 1, and reported to the 
Tule Subbasin TAC as part of the annual reports described below in compliance with 23 Cal. Code 
Regs. § 354.40. 

 
If an individual GSA has identified monitoring features for use in collecting data specific 

to its GSA, and the features are not included in the Subbasin Monitoring Plan of this Coordination 
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Agreement, then the GSA can incorporate the features and data into its GSP upon confirmation 
that the monitoring features meet the minimum criteria specified in the Monitoring Plan.     
 

1.4.3 Annual Reports (§356.2) 
 
Pursuant to 23 Cal. Code Regs. § 356.2, annual reports are required to be submitted to 

DWR by April 1 of each year following the adoption by the GSA of the GSP.  Each GSA shall 
submit annually to the Plan Manager a report to meet these requirements, who will in turn submit 
the reports to DWR on behalf of the Tule Subbasin.  The Tule Subbasin TAC may develop a 
standardized template for these reports and use by each respective GSA.  The annual report shall 
be separated between a subbasin-wide section and individual GSA specific sections that will be 
prepared by each respective GSA, but reviewed by the Tule Subbasin TAC prior to submission to 
DWR for review.  The report shall contain the information described below.   

 
• General information summarizing the contents of the report and a map depicting the 

subbasin.  
• Groundwater elevation data from monitoring wells  

o Groundwater elevation contour maps  
o Hydrographs of groundwater elevations and water year type  

• Groundwater extraction from preceding water year  
• Surface water supply used or available for use for groundwater recharge or in-lieu use  
• Total water use  
• Changes in groundwater storage  

o Change in groundwater storage maps  
o Graph depicting water year type, groundwater use, annual change in groundwater 

storage, and cumulative change in groundwater in storage for the basin  
 
In addition, each GSA shall provide a description of the progress towards implementing its 

respective GSP.  The description shall include progress with respect to interim milestones, 
implementation of projects, and any management actions implemented since the prior annual 
report. 

 
1.4.4 Periodic Evaluations (§356.4) 

 
Pursuant to 23 Cal. Code Regs. §356.4, periodic evaluations by each GSA are required at 

least every five years and whenever a GSP is amended.  These evaluations shall be provided to 
DWR. 

 
Each individual GSA shall prepare the required periodic evaluation, in consultation with 

the Tule Subbasin TAC where subbasin-wide information is required.  The evaluations shall be 
delivered to the Plan Manager for submission to DWR and subject to review by the other subbasin 
GSAs.   

 
The periodic evaluations shall include all the requirements found in Section 356.4 of 

SGMA Regulations, including but not limited to the following:  
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• Groundwater conditions relative to measurable objectives, interim milestones, and 
minimum thresholds 

• Description of project or management action implementations 
• GSP elements that are being requested for reconsideration or proposed revision, if any  
• Evaluation of the basin setting in light of new information or changes in water use  
• Description of the monitoring network as described in Attachment 1 including:  

o Assessment of monitoring network function  
o Identification of data gaps and program resolving such gaps  
o Plans to install new data collection facilities 
o Adjustments to Monitoring Network 

• Description of significant information that has been made available since GSP adoption, 
amendment, or prior periodic evaluation and if changes to GSP elements are needed  

• Description of actions taken by GSA related to GSP  
• Enforcement activities, if any, by the GSA 
• GSP amendments that have been completed or proposed 
• Summary of coordination between GSAs  
• Other relevant information 

 
 
 
 
 
 
 
 
 
 

 
[The remainder of this page is intentionally left blank] 
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II. BASIN SETTING (§§354.12-354.20) 
 

Pursuant to 23 Cal. Code Regs. §354.12-354.20, the basin setting components are attached 
hereto and incorporated by reference as Attachment 2 and summarized below. 

 
2.1 Physical Setting 
 
The Tule Subbasin is located in the southern portion of the San Joaquin Valley 

Groundwater Basin in the Central Valley of California.  The lateral boundaries of the Tule 
Subbasin include both natural and political boundaries.  The eastern boundary of the Tule Subbasin 
is defined by the surface contact between crystalline rocks of the Sierra Nevada and surficial 
alluvial sediments that make up the groundwater basin.  The northern boundary is defined by the 
Lower Tule River Irrigation District (LTRID) and Porterville Irrigation District boundaries.  The 
western boundary is defined by the Tulare County/Kings County boundary, except for a portion 
of the Tulare Lake Basin Water Storage District that extends east across the county boundary and 
is excluded from the subbasin.  The southern boundary is defined by the Tulare County/Kern 
County boundary except for the portion of the Delano-Earlimart Irrigation District (DEID) that 
extends south of the county boundary and is included in the subbasin. 

 
The area of the Tule Subbasin is defined by the latest version of DWR Bulletin 118 and is 

approximately 744 square miles (475,895 acres).  The subbasin has been divided into seven 
individual GSAs: ETGSA, LTGSA, PIXID GSA, DEID GSA, Alpaugh GSA, TCWA GSA, and 
the Tulare County GSA.  Communities within the subbasin include Allensworth, Alpaugh, 
Porterville, Tipton, Pixley, Earlimart, Richgrove, Ducor and Terra Bella.  Neighboring DWR 
Bulletin 118 subbasins include the Kern County Subbasin to the south, the Tulare Lake Subbasin 
to the west, and the Kaweah Subbasin to the north.  

2.2 Hydrogeologic Conceptual Model §354.14 
 

The hydrogeologic conceptual model of the Tule Subbasin, as described in Attachment 2, 
has been developed in accordance with the requirements of California Code of Regulations, Title 
23, Division 2, Chapter 1.5, Subchapter 2, Article 5, Subarticle 2 (§354.14) and in consideration 
of DWR Best Management Practices (BMPs) for the preparation of hydrogeologic conceptual 
models.  The hydrogeologic conceptual model forms the basis for the numerical groundwater flow 
model of the subbasin. 

 
2.3 Groundwater Conditions §354.16.   

 
Two primary aquifers have been identified within the Tule Subbasin:  an upper unconfined 

to semi-confined aquifer and a lower semi-confined to confined aquifer.  The upper and lower 
aquifers are separated by the Corcoran Clay confining unit in the western portion of the subbasin.  
Groundwater within the southeastern portion of the subbasin is also produced from the Santa 
Margarita Formation, which is located stratigraphically below the lower aquifer.   

 
In general, groundwater in the Tule Subbasin flows from areas of natural recharge along 

major streams at the base of the Sierra Nevada Mountains on the eastern boundary towards a 
groundwater pumping depression in the western-central portion of the subbasin.  Groundwater 
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level changes observed in wells completed in the upper aquifer show a persistent downward trend 
between approximately 1987 and 2017, despite a relatively wet hydrologic period between 1991 
and 1999 and other intervening wet years (2005 and 2011).  Groundwater level trends in wells 
perforated exclusively in the lower aquifer vary depending on location in the subbasin.  In the 
northwestern part of the subbasin, lower aquifer groundwater levels have shown a persistent 
downward trend from 1987 to 2017.  In the southern part of the subbasin, groundwater levels were 
relatively stable between 1987 and 2007, but began declining after 2007. 

 
Changes in groundwater storage within the Tule Subbasin have been estimated through 

analysis of the water budget.  Comparison of the groundwater inflow elements of the water budget 
with the outflow elements shows a cumulative change in groundwater storage over the 31-year 
period between 1986/87 and 2016/17 of approximately -4,948,000 acre-ft.  The average annual 
change in storage resulting from the groundwater budget is approximately -160,000 acre-ft/yr. 

 
Seawater intrusion cannot occur in the Tule Subbasin due to its location with respect to the 

Pacific Ocean. 
 
Groundwater quality in the Tule Subbasin is generally very good and does not prevent the 

beneficial use of the water in most places.  The primary exception is perched and upper aquifer 
groundwater in the southwest portion of the subbasin, where the beneficial use designation has 
been removed by the State Water Resources Control Board.  The primary groundwater quality 
issues that could affect the beneficial uses of groundwater in the future are nitrate and pesticides.  
Point sources of contamination have been identified in some parts of the subbasin, but they are 
highly localized problems. 

 
Land surface subsidence resulting from lowering the groundwater level from groundwater 

production has been well documented in the Tule Subbasin.  Since 1987, the highest rates of land 
subsidence have occurred in the northwestern portion of the subbasin and in the vicinity of the 
Friant-Kern Canal near Terra Bella. 

 
Groundwater dependent ecosystems require shallow groundwater or groundwater that 

discharges at the land surface.  Throughout the Tule Subbasin, the depth to groundwater is well 
below the level required to support riparian vegetation (vegetation that draws water directly from 
groundwater) or near surface ecosystems, except some areas along the Tule River, east of 
Porterville. 

 
2.4 Water Budget §354.18.   

 
A detailed surface water and groundwater budget has been developed for the Tule Subbasin 

for the 31-year period from 1986/87 to 2016/17.  The surface water budget includes the following 
inflow and outflow terms: 

 
Surface Water Inflow 

• Precipitation 
• Stream inflow 
• Imported water 
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• Discharge to the land surface from wells 

Surface Water Outflow 

• Infiltration of precipitation 
• Evapotranspiration of precipitation from native vegetation and crops 
• Stream infiltration 
• Canal losses 
• Recharge in basins 
• Deep percolation of applied water 
• Crop consumptive use 

The groundwater budget describes the sources and estimates the volumes of groundwater inflow 
and outflow within the Tule Subbasin.  The groundwater budget includes the following inflow and 
outflow terms: 
 

Groundwater Inflow 
 

• Areal recharge from precipitation 
• Recharge in stream/river channels 
• Managed recharge in basins 
• Canal losses 
• Deep percolation of applied water 
• Release of water from compression of aquitards 
• Subsurface inflow 

 
Groundwater Outflow 
 

• Groundwater pumping 
• Evapotranspiration 
• Subsurface outflow 

 
A fundamental premise of the groundwater budget is the following relationship: 

 
Inflow – Outflow = +/- ∆S 
 
The difference between the sum of groundwater inflow terms and the sum of groundwater 

outflow terms is the change in groundwater storage (∆S).  The cumulative change in groundwater 
storage over the 31-year period between 1986/87 and 2016/17 in the Tule Subbasin was 
approximately -4,948,000 acre-ft.  The average annual change in storage resulting from the 
groundwater budget is approximately -160,000 acre-ft/yr. 

 
In the Tule Subbasin, sources of groundwater recharge (i.e. inflow) that are associated with 

pre-existing surface water rights and imported water deliveries are not used to estimate the 
Sustainable Yield of the subbasin. 
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III. COORDINATED DATA AND METHODOLOGIES (§357.4(b)(3).) 
 

3.1 General 
 

This section of the Coordination Agreement describes the types of data to be collected and 
the data collection and analysis methodologies to be utilized to satisfy requirements for the 
preparation of GSPs and annual reports.   

 
Pursuant to Water Code Section 10727.6, GSAs intending to develop and implement 

multiple GSPs are required to coordinate with other agencies preparing a GSP within the basin to 
ensure that the various GSPs utilize the same data and methodologies for the following 
assumptions in developing the GSP:  

 
a) Groundwater elevation data;  
b) Groundwater extraction data; 
c) Surface water supply; 
d) Total water use; 
e) Change in groundwater storage; 
f) Water budget; and 
g) Sustainable yield. 

3.2 Groundwater Elevation (§357.4(b)(3)(A)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(A), the following describes how the GSAs 
have used the same data and methodologies for groundwater elevation, which is supported by the 
quality, frequency and spatial data in the monitoring network and monitoring objectives. 
Groundwater elevation data to be relied on for the purpose of determining minimum thresholds, 
estimating change in groundwater storage as required for annual reports, and measuring progress 
towards achieving sustainability will be collected from the minimum monitoring well network 
identified in the Tule Subbasin Monitoring Plan (see Attachment 1).   

 
The Tule Subbasin shall use the following data and methods to measure or estimate 

groundwater elevations: 
 

3.2.1 Data and Monitoring Protocols 
 
Groundwater elevation data to be relied on for the purpose of determining minimum 

thresholds, estimating change in groundwater storage as required for annual reports, and measuring 
progress towards achieving sustainability will be collected from the minimum monitoring well 
network. Groundwater elevation monitoring protocols and measurement frequencies are described 
in detail in the Tule Subbasin Monitoring Plan (Attachment 1). 

 
The monitoring well network for collection of groundwater elevation data may consist of 

a combination of existing wells and new dedicated monitoring wells.   In order to be included in 
the well network for collecting groundwater elevation data, each monitoring well must meet the 
following minimum criteria: 
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3.2.1.1 Existing Wells 

 
Preference will be given where feasible to existing wells that are not actively pumped as 

they provide the most representative static groundwater level data.  Monitoring of groundwater 
levels in existing wells that are actively pumped must be conducted in accordance with the 
monitoring procedures specified in the Tule Subbasin Monitoring Plan (Attachment 1). 

 
The location (i.e. X-Y Coordinates) of existing wells to be included in the monitoring well 

network must be surveyed to the nearest 1 foot (NAD83) by a California licensed land surveyor. 
The elevation of the reference point (i.e. the Z Coordinate) shall be surveyed to an accuracy of 0.1 
foot relative to mean sea level (NAVD88) by a California licensed land surveyor. 

 
The construction of each existing well must be documented and confirmed to the 

satisfaction of the Tule Subbasin TAC’s technical consultant.  Construction information shall 
include: 

• The total well depth, 
• The perforation interval(s), 
• The casing diameter, 
• Depth intervals of all seals, 
• Pump setting (if applicable). 

 
If these data are not known or cannot be confirmed, the well must be investigated in the 

field to be considered for inclusion in the monitoring well network.  Any field investigation must 
be conducted with the consent of the landowner and/or well owner.  All field verification of the 
wells will be collected utilizing professional staff that are trained and experienced in the use of the 
equipment used to measure well depth and inspect wells, and who meet the minimum 
qualifications and training requirements required by the Tule Subbasin TAC technical consultant.  
Field verification of the wells identified in the Tule Subbasin Monitoring Plan will be conducted 
by a technical consultant of the Tule Subbasin TAC.  A GSA may hire and use its own technical 
consultant, who meets minimum qualifications and training requirements required by the Tule 
Subbasin TAC consultant, to collect data from wells within its GSA’s boundaries, that a GSA may 
choose to monitor in addition to the wells identified in the Tule Subbasin Monitoring Plan. Each 
GSA shall be provided notice of when the Tule Subbasin TAC consultant will be conducting field 
verification or measurements and a GSA may have its consultant quality control check the Tule 
Subbasin TAC’s consultant’s work.  Furthermore, nothing in this Agreement prevents multiple 
GSAs from using the same consultant to conduct field verification.   

 
Field verification will consist of obtaining a downhole video log of the full length of blank 

and perforated well casing.  If the well is equipped with a pump, the pump shall be removed prior 
to obtaining the downhole video log.  The video camera equipment shall be equipped with side-
scan capability in order to view the condition and depth of well perforations.  Existing wells for 
which adequate documentation is not available, as determined by the Tule Subbasin TAC’s 
technical consultant, will not be included in the groundwater level monitoring network. Further, 
wells for which the owner does not provide access, does not voluntarily remove the pump for 
investigating the well, or does not otherwise provide consent to investigate the well will not be 
included in the groundwater level monitoring network. 
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An established and acceptable sounding access tube or port shall be available for the 

purpose of measuring groundwater levels.  Sounding tubes that are separate and outside the main 
well casing (i.e. enter the well casing from the outside at depth) will be preferred.  Sounding tubes 
located within the main well casing are acceptable if they extend past the pump intake depth.  The 
sounding tube shall be free and clear and allow for collection of representative groundwater level 
measurements without the risk of damaging the sounder. 

 
Only wells perforated exclusively in either the upper aquifer (as defined in Attachment 1) 

or lower aquifer (as defined in Attachment 1) will be included in the monitoring well network.  
Wells constructed with perforations across multiple aquifers in a single casing string (i.e. 
“composite wells”) will not be included in the monitoring network for measuring groundwater 
elevations unless authorized by the Tule Subbasin TAC. 

 
Groundwater elevation data has historically been obtained via monitoring programs 

conducted under other local State and Federal programs such as the Regional Water Quality 
Control Board (RWQCB) General Order for Dairies, California Statewide Groundwater Elevation 
Monitoring (CASGEM) program, Bureau of Reclamation, and others.  Existing wells that have 
been monitored as part of these programs will be considered for the Tule Subbasin monitoring 
network as long as they meet the criteria specified in this section. 

 
3.2.1.2 New Wells 

 
New monitoring wells will either be constructed in the upper aquifer, lower aquifer, or 

Santa Margarita Formation aquifer (as defined in Attachment 1).  New wells shall not be 
constructed as composite wells.  The exact depth and perforation intervals of these wells will be 
determined from site-specific data collected during the drilling of the boreholes for the wells. 

 
New monitoring wells will be constructed with minimum 4-inch diameter casing in order 

to allow for collection of groundwater samples. 
 
Each new monitoring well will be constructed with a steel above-ground riser equipped 

with a protective locking cap for keeping the wellhead secure.  The above-ground riser will be 
surrounded by cement-filled steel bollards for further protection. 

 
A dedicated reference point shall be established and marked on the top of the monitoring 

well casing.  All groundwater level measurements shall be obtained relative to the reference point.  
The elevation of the reference point shall be surveyed to an accuracy of 0.1 foot relative to mean 
sea level (NAVD88) by a California licensed land surveyor. 

 
3.2.2 Quality Assurance/Quality Control 

 
 All groundwater elevation data will be collected utilizing professional staff that are trained 
and experienced in the use of the monitoring equipment and who meet the minimum qualifications 
and training requirements required by the Tule Subbasin TAC technical consultant.  All data 
collection required for the Tule Subbasin Monitoring Plan (“Baseline Monitoring”) will be 
performed either by the Tule Subbasin TAC technical consultant or a consultant hired direct by 
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the GSA.  If the GSA utilizes the Tule Subbasin TAC technical consultant, each GSA shall be 
notified in advance of when such data collection will occur within that respective GSA’s 
boundaries and each GSA may hire its own consultant for quality control and peer review the work 
of the Tule Subbasin TAC technical consultant.  If the GSA hires and uses its own consultant, who 
meets the same minimum qualifications and training requirements required by the Tule Subbasin 
TAC consultant, to collect data for monitoring features within its GSA’s boundaries, all data shall 
be submitted per the data management requirements and schedule.  Furthermore, nothing in this 
Agreement prevents multiple GSAs from using the same consultant to collect such data. General 
and basin-wide data will be collected by and/or provided to the Tule Subbasin TAC’s consultant 
in accordance with the protocols specified in the Tule Subbasin Monitoring Plan (Attachment 1).  
The goal of the GSAs is to maintain the integrity of the data by following the above described 
procedures for collection of Baseline Monitoring data and additional data within each GSA that 
will provide additional information for the benefit of the Subbasin.  

 
By December 1 following a water year, all groundwater elevation data produced by the 

GSAs shall be submitted to the Tule Subbasin TAC’s technical consultant for input into the Tule 
Subbasin Water Management Database (Attachment 1).  All groundwater elevation data shall be 
subject to Quality Assurance/Quality Control (QA/QC) checks by the Tule Subbasin TAC’s 
technical consultant.  QA/QC may include (but not necessarily be limited to): 

 
• Verification of reference point survey data 
• Verification of groundwater level measurement methodology 
• Review of calculations to convert groundwater depth to groundwater elevation 
• Comparison of data with previous measurements to identify outliers 

 
Data from wells that have not been included in the Tule Subbasin Monitoring Plan or do 

not follow the above-described procedures, shall not be relied on for making basin management 
decisions and shall not be used in the analyses necessary for completion of GSPs or annual reports. 
No wells will be added or removed from the groundwater elevation network without the prior 
approval of the Tule Subbasin TAC.  All monitoring wells to be added to the monitoring network 
shall meet the criteria specified in this section.  Upon such time as wells are added or removed 
from the monitoring network, the Tule Subbasin Monitoring Plan (Attachment 1) will be revised 
to reflect the changes. 

 
Individual GSAs may include additional monitoring features, not specifically identified in the Tule 
Subbasin Monitoring Plan, for collecting data to include in their respective GSPs and annual 
reports.  Tule Subbasin GSAs may collect more GSA-specific data utilizing the same 
methodologies and may supply applicable information to the Tule Subbasin TAC’s technical 
consultant for the benefit of basin-wide information.  The technical consultant will compile the 
groundwater elevation data into a relational database to be maintained by the consultant in 
accordance with Attachment 1. 

3.3 Groundwater Extraction (§357.4(b)(3)(B)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(B), this section outlines the approved 
methodologies for measuring or estimating groundwater extraction in the Tule Subbasin.   The 
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GSAs shall use either satellite remote sensing technology or metered wells to estimate groundwater 
extraction as described below:    

 
3.3.1 Data and Monitoring Protocols  

 
3.3.1.1 Groundwater Extraction Estimated from Satellite Data 

 
In this method, groundwater extraction is estimated as a function of the total agricultural 

water demand, surface water deliveries, and precipitation.  This method is specific to agricultural 
groundwater extraction (as opposed to municipal groundwater extraction).  The total agricultural 
water demand (i.e. applied water demand) is estimated as follows: 

 

𝑊𝑊𝑑𝑑 =  
𝐴𝐴𝑖𝑖 𝑥𝑥 𝐸𝐸𝐸𝐸
𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒

 

Where: 
 
  Wd =  Total Agricultural Water Demand (acre-ft) 
  Ai =  Irrigated Area (acres) 
  ET = Evapotranspiration (acre-ft/acre) 
  Ieff = Irrigation Efficiency (unitless) 
 

 
Crop evapotranspiration (ET) is estimated using remote sensing data from LandSAT 

satellites.  The satellite data is entered into a model, which is used to estimate the ET rate and ET 
spatial distribution of an area in any given time period.  When appropriately calibrated to land-
based ET and/or climate stations and validated with crop surveys, the satellite-based model 
provides an estimate of crop ET (i.e. consumptive use).  The satellite-based model is 
representative, verifiable, and can be accomplished uniformly across the Tule Subbasin by an 
independent third party.  The Tule Subbasin TAC will provide this data for all GSAs. 

 
Irrigation efficiency (Ieff) is estimated for any given area based on the irrigation method for 

that area (e.g. drip irrigation, flood irrigation, micro sprinkler, etc.).  Irrigation methods are tied to 
crop types based on either DWR land use maps or field surveys.  The following irrigation 
efficiencies will be applied to the different irrigation methods based on California Energy 
Commission (2006): 

 
• Border Strip Irrigation – 77.5 percent 
• Micro Sprinkler – 87.5 percent 
• Surface Drip Irrigation – 87.5 percent 
• Furrow Irrigation – 67.5 percent 

Agricultural groundwater extraction is estimated as the total applied water demand (Wd) 
minus surface water deliveries and effective precipitation.  Effective precipitation is the portion of 
precipitation that becomes evapotranspiration. 
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3.3.1.2 Groundwater Extraction Measured Using Flow Meters  
 
For this method, groundwater extraction is measured using a totalizing flowmeter. The 

GSAs agree that for metering to be effective, any well in a GSA that chooses this method and 
pumps over 70 gallons per minute, or an annual total of two (2) acre-ft per year, shall be metered.  
The GSAs also agree that as a Subbasin-wide standard, meters installed shall be calibrated, 
certified, and periodically tested following the guidance of American Water Works Association 
(AWWA) Standard M6 – Water Meters, Selection, Installation, Testing and Maintenance 
(AWWA, 2012) and the AWWA standards referenced therein for the types of inline meters 
employed (AWWA C700 series standards).  Copies of all meter calibration and testing reports 
shall be submitted to the Tule Subbasin TAC’s technical consultant for review and documentation. 

 
3.3.2 Quality Assurance/Quality Control 

 
By January 1 following a water year, all groundwater extraction data produced by the GSAs 

shall be submitted to the Tule Subbasin TAC’s technical consultant for input into Tule Subbasin 
Water Management Database (see Section 4.3). 

 
All groundwater extraction data will be subject to QA/QC checks and verification by the 

Tule Subbasin TAC’s technical consultant.  QA/QC could include (but not necessarily be limited 
to): 

• Field inspection and verification of inline flow meters. 
• Review of flow meter calibration and testing reports. 
• Review of groundwater extraction estimates using satellite data. 

3.4 Surface Water Supply (§357.4(3)(b)(B)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(B), the GSAs agree the total surface water 
supply to the Tule Subbasin will be the sum of supplies from stream inflow, imported water, and 
delivered recycled water.  Surface water supplies will be compiled annually by the Tule Subbasin 
TAC consultant from the following sources: 

 
• Tule River inflow to the Subbasin – Tule River Association (TRA) Annual Reports 
• Tule River flow from ETGSA to LTGSA – TRA Annual Reports 
• Deer Creek inflow to the Subbasin – United States Geological Survey (USGS) Stream 

Gage at Fountain Springs 
• Deer Creek flow from ETGSA to PID GSA – Trenton Weir as provided by Pixley 

Irrigation District 
• Deer Creek flow to downstream license holders in the Tule Subbasin – measured by 

TCWA GSA 
• White River inflow to the Subbasin – Estimated by the Tule Subbasin TAC consultant 

based on flows measured in Deer Creek 
• White River flow from ETGSA to DEID GSA – Estimated by the Tule Subbasin TAC 

consultant based on an analysis of infiltration or data from White River at Road 208 
(from DEID or California Data Exchange Center), as available. 
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The Tule Subbasin shall use the following data and methods to measure or estimate surface 
water supply: 

 
3.4.1 Data and Monitoring Protocols  

 
3.4.1.1 Stream Inflow 

 
 Tule River 

 
Streamflow in the Tule River is recorded as releases from the Lake Success Reservoir and 

reported in the TRA annual reports.   Diversions from the Tule River between Lake Success and 
Oettle Bridge are documented in TRA annual reports and described in Section 2.6.1.1 of the 
Monitoring Plan.   

 
Native Tule River water flow in the Tule River channel from the ETGSA to the LTGSA 

will be recorded as the flow at Rockford Station minus assumed channel losses between the 
Rockford Station stream gage and Oettle Bridge, as reported in TRA annual reports. 

 
Tule River gaged flow into the LTGSA is assumed to be the sum of gaged surface water 

measured Below Oettle Bridge, Woods Central Ditch Diversion, Poplar Irrigation Company flow 
reaching LTGSA, and Porter Slough at 192, as reported in TRA annual reports.  Diversions of 
native Tule River water in the LTGSA will be recorded using the following ratio: 

 
𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐸𝐸𝑇𝑇𝑑𝑑𝑒𝑒𝑑𝑑𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒𝑑𝑑  

 
Where: 

  
TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods Central 

Diversion, Poplar Irrigation Company flow reaching 
LTRID, and Porter Slough at 192 (acre-ft). 

FKLTRID = Imported water delivered to the LTRID from the Friant Kern 
Canal (acre-ft). 

LTRID deliveries = Total water deliveries to farmers in the LTRID (acre-ft). 
TRdelivered = Assumed portion of LTRID delivered water that is native 

Tule River water (acre-ft). 
 
Any residual stream flows left in the Tule River after diversions and channel loss are 

measured at the Turnbull Weir, located at the west end of the LTGSA and the Tule Subbasin.  This 
stream outflow from the Subbasin will be the same as reported in TRA annual reports.  Exports of 
Tule River water to the Friant-Kern Canal will be the same as reported in TRA annual reports. 

 
 Deer Creek 

 
Streamflow in Deer Creek is measured by the USGS at their gaging station at Fountain 

Springs. Stream inflow from Deer Creek into the Tule Subbasin is recorded as the flow at the 
USGS Fountain Springs stream gage.  It is noted that although the Fountain Springs gage is located 
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approximately five miles upstream of the Tule Subbasin boundary, the creek flows over granitic 
bedrock between the gage and the alluvial basin boundary and losses along this reach are assumed 
to be limited to evapotranspiration.  Evapotranspiration losses between the Fountain Springs gage 
and the Trenton Weir are assumed to be 30 acre-ft/month when the gaged flow at Fountain Springs 
is greater than 30 acre-ft/month.  When the gaged flow at Fountain Springs is less than 30 acre-
ft/month the evapotranspiration is assumed to be equal to the gaged flow. 

 
Deer Creek stream flow from the ETGSA to the PID GSA will be recorded as the flow at 

Trenton Weir as reported in the Pixley Irrigation District annual water use summaries.  J.G. 
Boswell Company and Angiola Water District hold licenses on Deer Creek and those flows will 
be reported by TCWA GSA. 

 
 White River 

 
Stream inflow into the Tule Subbasin (and ETGSA) from the White River has historically 

been measured at the USGS stream gage near Ducor.  The measured data from this station is only 
available from 1971 to 2005.  For years with no stream flow data, it is assumed that the magnitude 
of flow in the White River is proportional to the magnitude of flow in Deer Creek.  A linear 
regression analysis of monthly White River streamflow plotted against monthly Deer Creek 
streamflow for the period 1971 to 2005 results in a correlation coefficient of 0.91.  Accordingly, 
monthly stream flow in the White River will be reported using the following equation from the 
linear regression: 

 
 
 

𝑆𝑆𝐹𝐹𝑊𝑊𝐿𝐿 = 0.3523(𝑆𝑆𝐹𝐹𝐿𝐿𝐷𝐷) − 1.1215 
Where: 
 SFWR = Stream flow in the White River (Acre-ft). 
 SFDC = Stream flow in Deer Creek (Acre-ft). 
 
This method will be used to record stream inflow from the White River until a stream gage 

is established in the river near the eastern subbasin boundary. 
 
White River stream flow from the ETGSA to the DEID GSA will be estimated as the White 

River inflow into the Subbasin minus evapotranspiration loss and minus an assumed infiltration 
rate between the eastern subbasin boundary and the DEID GSA boundary.  Evapotranspiration 
losses between the Subbasin boundary and the DEID GSA are estimated to be 14 acre-ft/month 
when the flow at the boundary is greater than 14 acre-ft/month and equal to the flow in the river 
when the flow is less than 14 acre-ft/month.  Channel loss within the ETGSA is estimated as the 
total flow minus ET up to 1,190 acre-ft/month.  If flows exceed 1,190 acre-ft/month, the balance, 
up to 9,000 acre-ft/month, is assumed to infiltrate within the DEID GSA.   If measured flow at the 
USGS stream gage near Ducor or interpolated flows, based on the linear regression described 
above, exceed 9,000 acre-ft in any given month, the volume over 9,000 acre-ft is assumed to 
infiltrate within the TCWA GSA. 
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3.4.1.2 Imported Water 
 
Imported water delivered to the various agencies within the seven GSAs of the Tule 

Subbasin will be reported on an annual basis by the agencies receiving deliveries. 
 

3.4.1.3 Recycled Water 
 
Recycled water consists of treated wastewater generated at the City of Porterville’s 

Wastewater Treatment Facility and other treatment facilities within the Subbasin.  Most of the 
water from subbasin facilities is delivered to crops in the area.  In the case of the City of Porterville, 
the balance is allowed to infiltrate into the subsurface in recharge ponds located in the old Deer 
Creek channel.  The volume of recycled water delivered to crops shall be measured using an in-
line calibrated flow meter.  Monthly water deliveries will be provided on an annual basis by the 
City of Porterville, community services districts, and public utility districts within the Subbasin.   

 
3.4.2 Quality Assurance/Quality Control 

 
The Tule Subbasin GSAs assume that the QA/QC procedures in place by the various 

entities acting as sources of data, including the TRA, USGS, United States Bureau of Reclamation 
(USBR), United States Army Corps of Engineers (ACOE), Angiola Water District, City of 
Porterville, and any other entity upon which the GSAs rely for monitoring surface water flowing 
in and out of the Subbasin, are satisfactory and will not cause any undue compromise of the data 
relied upon to calculate total surface water supply.  

 
Surface water supply data will be obtained from the various sources of data by the Tule 

Subbasin TAC’s technical consultant and entered into the Tule Subbasin Water Management 
Database (see Section 4.3).  Surface water supply data will be made available to each GSA by 
February 1 following the end of a water year. 

 
3.5 Total Water Use (§357.4(b)(3)(B)) 

 
Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(B), the GSAs agree the total water use, as 

defined herein, is based on 23 Cal. Code Regs. §356.2(b)(4), which provides: “Total water use 
shall be collected using the best available measurement methods and shall be reported in a table 
that summarizes total water use by water use sector, water source type, and identifies the method 
of measurement (direct or estimate) and accuracy of measurements.”  Total water use is the total 
water demand, including consumptive use. 

 
The Tule Subbasin shall use the following data and methods outlined in Attachment 1 to 

measure or estimate total water use, briefly described below: 
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3.5.1 Data and Monitoring Protocols 
 

3.5.1.1 Agricultural Water Use 
 

 Agricultural Water Demand 
 
Agricultural water demand will be the sum of groundwater extractions (see Section 3.3) 

and surface water deliveries from stream sources, imported water, and recycled water (Sections 
3.4.1.1, 3.4.1.2 and 3.4.1.3). 

 
 Agricultural Consumptive Use 

 
Crop consumptive use will be estimated using the method described in Section 3.3.1.1. 
 

3.5.1.2  Municipal and Industrial Water Use 
 

 M&I Water Demand 
 
Municipal water demand will be the sum of metered groundwater production from the 

following communities: 
 

ETGSA 
1. City of Porterville 
2. Community of East Porterville 
3. Terra Bella Irrigation District 
4. Ducor Community Services District 

 
LTGSA 

1. Tipton Public Utility District 
2. Woodville Community Services District 
3. Poplar Community Services District 

 
PIXID GSA 

1. Pixley Public Utility District 
2. Teviston Community Services District 

 
DEID GSA 

1. Earlimart Public Utility District 
2. Richgrove Community Services District 

 
Alpaugh GSA 

1. Alpaugh Community Services District 
 

TCWA GSA 
1. Allensworth Community Services District 
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Tulare County GSA 
(None) 

 
 M&I Consumptive Use 

 
Consumptive use of landscaping associated with applied municipal groundwater pumping 

will be estimated based on an assumed percentage of delivered water that is applied to landscaping 
and an assumed deep percolation factor.  It is assumed 47 percent of municipal water use is applied 
to landscaping.  It is assumed that 75 percent of applied water to landscaping is consumptively 
used by the plants. 

 
The total municipal consumptive use for any one of the communities in the Subbasin is the 

sum of landscape consumptive use and evaporation of surface water in that community’s 
wastewater treatment facility discharge basins. 

 
3.5.2 Quality Assurance/ Quality Control 

 
By January 1 following a water year, the total water use from each GSA shall be submitted 

to the Tule Subbasin TAC’s technical consultant for review and input into the Tule Subbasin Water 
Management Database (see Section 4.3). 

 
Total water use will be calculated by individuals from each GSA who meet the minimum 

qualifications and training requirements.  Total water use will be checked by the Tule Subbasin 
TAC’s technical consultant to ensure consistency with the methods described in this Coordination 
Agreement and to verify that the consumptive use estimates are consistent with satellite data.   

 
3.6 Change in Groundwater Storage (§357.4(b)(3)(B)) 

 
The Tule Subbasin shall use the following data and methods to measure or estimate change 

in annual groundwater storage: 
 

 
3.6.1 Data and Monitoring Protocols 

 
3.6.1.1 GIS-Based Method for Estimating Storage Change 

 
For any given GSA, the change in groundwater storage can be estimated using the 

following equation: 
Vw = SyA Δh 
 
Where:  
 
 
 
 
 
 

Vw = the volume of groundwater storage change (acre-ft). 
Sy = specific yield of aquifer sediments (unitless). 
A = the surface area of the aquifer within the Tule Subbasin/GSA (acres). 
Δh = the change in hydraulic head (i.e. groundwater level) (feet). 
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The change in storage estimate is specific to the shallow aquifer as the groundwater level 
in the deep aquifer will not likely drop below the top of the aquifer.  The calculations will be made 
using a Geographic Information System (GIS) map of the Tule Subbasin/GSA that will be 
discretized into 300-foot by 300-foot grids to allow for spatial representation of aquifer specific 
yield and groundwater level change. 

 
The areal and vertical distribution of specific yield for the shallow aquifer will be based on 

the values obtained from the calibrated groundwater flow model of the Tule Subbasin. 
 
For the areal distribution of change in hydraulic head within the Tule Subbasin/GSA, 

groundwater contours for the spring of the previous year will be digitized and overlain on the grid 
map of the Tule Subbasin/GSA in GIS.  Groundwater levels will then be assigned to each grid.  A 
contour map with groundwater elevation contours from spring of the next year will also be 
digitized and overlain on the grid map.  Change in hydraulic head (groundwater level) at each grid 
will be calculated as the difference in groundwater level between the two years.  

 
The complete GIS files of specific yield and groundwater levels will be exported into a 

spreadsheet program for the final analysis of groundwater storage change.  The change in 
groundwater storage will be calculated for each grid cell by multiplying the change in groundwater 
level by the specific yield and then by the area of the cell. 

 
The data from the analysis can be used to develop change in storage maps for incorporation 

into the annual reports. 
 

3.6.1.2 Groundwater Flow Model Method for Estimating Storage Change 
 
The calibrated groundwater flow model of the Tule Subbasin, which was originally 

prepared for the Tule Subbasin TAC in 2018, can be used to estimate the change in groundwater 
storage across the subbasin and within each GSA boundary.  The calibrated groundwater surface 
from one year can be exported and subtracted from the exported calibrated groundwater surface 
from a subsequent year.  The difference in groundwater levels is multiplied by the specific yield 
distribution of the shallow aquifer in the model to obtain an estimate of the change in groundwater 
storage across the subbasin. 

 
In order to develop updated change in storage values for the annual reports, the model will 

be updated on a regular basis.  The update will include incorporation of the previous year’s 
groundwater extractions, recharge values, and groundwater levels.  The model calibration will be 
validated with the measured data and adjusted as needed.  Once the updated model is validated, it 
can be used to estimate changes in groundwater storage both across the Subbasin and within each 
GSA.  The GSAs acknowledge that the more measured data that is available for incorporation into 
the model, the better the model results will be.  The GSAs further acknowledge that they have used 
the best available information up to this point, but that they will continue to evaluate and gather 
additional information through the Monitoring Plan. 

 
The model output will be used to develop maps showing the changes in groundwater 

storage, for incorporation into annual reports. 
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3.6.2 Quality Control and Assurance 
 
All change in groundwater storage estimates will be conducted by professionals trained 

and experienced in the use of the groundwater flow model and hydrological calculations.  All work 
shall be conducted under the direct supervision of a California registered Professional Civil 
Engineer, Professional Geologist, or Certified Hydrogeologist.    

 
3.7 Water Budget (§357.4(b)(3)(B)) 

 
Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(B), the GSAs agree to use the following data 

and methods to measure or estimate a water budget, for both the Subbasin and individual GSAs: 
 

3.7.1 Data and Monitoring Protocols 
 
The water budget methodologies described herein have been developed based on the best 

available data and procedures at the time of publication.  The methodologies shall be reviewed and 
updated periodically as new monitoring features, data, and technical advances are available. 

 
3.7.2 Surface Water Budget 

 
Surface water budgets describe all of the sources and volumes of surface water inflow and 

outflow to/from the subbasin.  Inflow terms for the surface water budget of the Tule Subbasin will 
include: 

 
1. Precipitation. 
2. Stream inflow. 
3. Imported water. 
4. Discharge to the land surface from wells. 

 
Surface water outflow terms will include: 

1. Infiltration of precipitation. 
2. Evapotranspiration of precipitation from native vegetation and crops. 
3. Stream infiltration. 
4. Infiltration in canals. 
5. Recharge in basins. 
6. Deep percolation. 
7. Consumptive use. 
8. Stream outflow. 

 
3.7.2.1 Surface Water Inflow 

 
 Precipitation 

 
The annual volume of water entering the Tule Subbasin as precipitation will be estimated 

based on the long-term average annual isohyetal map as included in Attachment 2 and annual 
precipitation data reported for the Porterville precipitation station.  As annual precipitation values 
are not available throughout the entire Tule Subbasin, it will be assumed that the relative 
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precipitation distribution for each year is the same as that shown on the isohyetal map.  The 
magnitude of annual precipitation within each isohyetal zone will be varied from year to year based 
on the ratio of annual precipitation at the Porterville Station to annual average precipitation at the 
Porterville isohyetal zone multiplied by the isohyetal zone average annual precipitation. 

 
𝑃𝑃𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑃𝑃𝑃𝑃𝑑𝑑𝑃𝑃𝑒𝑒𝑑𝑑𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑𝑒𝑒

𝑃𝑃𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝐴𝐴𝑑𝑑𝑒𝑒 𝑃𝑃𝑃𝑃𝑑𝑑𝑃𝑃𝑒𝑒𝑑𝑑𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑𝑒𝑒
 𝑥𝑥 𝐼𝐼𝑑𝑑𝐼𝐼ℎ𝑦𝑦𝑑𝑑𝑦𝑦𝐴𝐴𝑑𝑑𝑒𝑒 𝑃𝑃𝑑𝑑𝑒𝑒𝑃𝑃𝑖𝑖𝑃𝑃 = 𝑃𝑃𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝐿𝐿𝐼𝐼𝑃𝑃ℎ𝑦𝑦𝑒𝑒𝑃𝑃 

Where: 
  

PrecipPorterville = Precipitation at the Porterville Station in any given 
year (ft/yr). 

PrecipAve Porterville = Long-Term Average Precipitation at the 
Porterville Station (ft/yr). 

IsohyetAve Precip  = Average precipitation within the Isohyet zone 
overlying the Subbasin/GSA (ft/yr). 

PrecipIsohyet = Adjusted annual precipitation within the isohyet 
zone overlying the Subbasin/GSA (ft/yr). 

 
The adjusted annual precipitation for the year of interest will be multiplied by the area of 

the isohyet zone to estimate the precipitation falling on the area (in acre-ft). 
 

 Stream Inflow 
 
Surface water inflow to the Tule Subbasin occurs primarily via three native streams: the 

Tule River, Deer Creek, and the White River.  As the ETGSA borders the eastern Tule Subbasin 
boundary, stream inflow into the Tule Subbasin is equal to the stream inflow into the ETGSA. 
 
Tule River 
 

Streamflow in the Tule River is documented in TRA annual reports.  Stream inflow to the 
Tule Subbasin (and ETGSA) is recorded as releases from the Richard L. Schafer Dam (formerly 
Lake Success Dam) and will be the same as reported in the TRA annual reports.   Accounting of 
diversions from the Tule River is described in Section 3.4.1.1.1 of this Coordination Agreement.   

 
Deer Creek 

 
Accounting of streamflow in Deer Creek is described in Section 3.4.1.1.2 of this 

Coordination Agreement.   
 

White River 
 

Accounting of streamflow in the White River is described in Section 3.4.1.1.3 of this 
Coordination Agreement.  

 
 Imported Water 
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Imported water delivered to the various agencies within the six GSAs of the Tule Subbasin 
will be provided on an annual basis by the agencies receiving deliveries. 

 
 Discharge to Crops from Wells 

 
Water applied to crops from wells is assumed to be the total applied water minus surface 

water deliveries from imported water and diverted stream flow.  Total crop demand will be 
estimated based on the methodologies identified in Section 3.3.1.  Diverted streamflow and 
imported water deliveries are described in Sections 3.4.1.1 and 3.4.1.2, respectively. 

 
 Municipal Deliveries from Wells 

 
Accounting of groundwater pumping for municipal supply will be provided on a monthly 

basis by the various cities/communities in the Tule Subbasin.  These cities/communities include: 
 
1. City of Porterville 
2. Tipton Public Utility District 
3. Pixley Public Utility District 
4. Teviston Community Services District 
5. Earlimart Community Services District 
6. Terra Bella Irrigation District 
7. Richgrove Community Services District 
8. Poplar Community Services District 
9. Woodville Community Services District 
10. Allensworth Community Services District 
11. Alpaugh Community Services District 
12. Ducor Community Services District 
 
It is assumed that municipal pumping will be metered.  In the event that metered pumping 

data is not available, municipal supply will be estimated based on the population of the community 
served and an assumption of per capita water demand from the most recent Urban Water Master 
Plan applicable to the area. 

 
It is noted that there are some households in the rural portions of the Tule Subbasin that 

rely on private wells to meet their domestic water supply needs.  However, given the low 
population density of these areas, the volume of pumping from private domestic wells is 
considered negligible compared to the other pumping sources. 
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3.7.2.2 Surface Water Outflow 
 

 Areal Recharge from Precipitation 
 
Historical estimates of areal recharge from precipitation falling on the valley floor in the 

Tule Subbasin, as used in TH&Co (2017a)1 were based on Williamson et al., (1989).2  The 
equation for estimating areal recharge, using the Williamson Method, is: 

 
𝑃𝑃𝑃𝑃𝐸𝐸𝑑𝑑𝑒𝑒𝑃𝑃ℎ = (0.64)𝑃𝑃𝑃𝑃𝐸𝐸 − 6.2 

Where: 
  
 
 

   
Total precipitation in any given GSA (i.e. PPT) will be estimated on an annual basis using 

the portion of the isohyetal map overlapping the GSA (see Attachment 2; Figure 2-27) and 
adjusted based on the recorded annual precipitation at the Porterville station, as described in 
Section 3.7.1.1.1.1.  Precipitation recharge for each GSA will then be recorded on an annual basis 
using the above equation. 

 
 Streambed Infiltration (Channel Loss) 

 
Tule River 

 
Total channel loss (i.e. streambed infiltration plus evapotranspiration) in the Tule River 

between Lake Success and Oettle Bridge will be the same as reported in TRA annual reports and 
shall be allocated pursuant to the allocation method in the TRA Water Rights Schedule.  Tule River 
infiltration for the water budget will be estimated as follows: 

 
TRCL – ET = TRNatInf 
 

Where: 

 

 
 
1 TH&Co, 2017a; Hydrogeological Conceptual Model and Water Budget of the Tule Subbasin.  Dated 

August 1, 2017. 
 
2 Williamson, A.K., Prudic, D.E., and Swain, L.A., 1989.  Ground-Water Flow in the Central Valley, 

California.  USGS Professional Paper 1401-D. 

PPTrech = Groundwater Recharge from Precipitation (ft/yr) 
PPT = Annual Precipitation (ft/yr) 

TRCL = Tule River channel losses between Lake Success and Oettle 
Bridge as reported in TRA annual reports (acre-ft).  

ET = Evapotranspiration (acre-ft). 
TRNatInf

  
= Infiltration losses between Lake Success and Oettle Bridge 

attributed to native Tule River water (acre-ft). 
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Evapotranspiration between Lake Success and Oettle Bridge will be equal to 35 acre-
ft/month when the flow in the channel is greater than 35 acre-ft/month and equal to the flow when 
less than 35 acre-ft/month. 

 
Reporting of total streambed infiltration of surface water flow in the Tule River channel 

between Oettle Bridge and Turnbull Weir will be obtained from LTRID annual water use 
summaries and adjusted to account for ET in the stream channel. Evapotranspiration in the Tule 
River channel between Oettle Bridge and Turnbull Weir is assumed to be equal to 55 acre-ft/month 
if the flow in the channel is greater than 55 acre-ft/month and equal to the flow when less than 55 
acre-ft/month. 

 
Given the fact that LTRID periodically releases imported water from the Friant-Kern Canal 

to the Tule River upstream of Oettle Bridge, it will be necessary to account for the portion of 
channel infiltration attributed to native Tule River flow versus the channel infiltration attributed to 
imported water as the native river flow infiltration is part of the Sustainable Yield of the subbasin 
but the imported water recharge is not.  Imported water deliveries to the Tule River channel are 
reported in the TRA annual reports.  The estimated native Tule River water infiltration in the 
channel between Oettle Bridge and Turnbull Weir will be computed as follows: 

 
𝐹𝐹𝐹𝐹

𝐸𝐸𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐸𝐸𝑇𝑇𝐿𝐿𝑃𝑃𝑃𝑃 𝐿𝐿𝐼𝐼𝑒𝑒 − 𝐸𝐸𝐸𝐸 = 𝐸𝐸𝑇𝑇𝑁𝑁𝐺𝐺𝑃𝑃𝑖𝑖𝑑𝑑𝑒𝑒 𝐿𝐿𝐼𝐼𝑒𝑒 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼 

 
Where: 

 

 
Deer Creek 

 
Deer Creek is a losing stream such that infiltration of surface water within the stream 

channel recharges the groundwater system beneath it.  Streambed infiltration (channel loss) is 
estimated for the stream reaches between the Fountain Springs gaging station and Trenton Weir 
and between Trenton Weir and Homeland Canal.   The difference in streamflow between Fountain 
Springs station and Trenton Weir is assumed to be total channel loss along this section.  Combined 
streambed infiltration in the Deer Creek channel between Trenton Weir and Homeland Canal and 
canal losses within the rest of the Pixley Irrigation District were estimated based on Pixley 
Irrigation District monthly water use summaries.  Measured channel loss includes infiltration as 
well as evapotranspiration.  Therefore, infiltration is equal to channel loss minus 
evapotranspiration. 

 

FK = Imported water delivered to the LTRID from the Friant Kern Canal 
(acre-ft). 

TRBOB  = Gaged flow Below Oettle Bridge from TRA annual reports (acre-ft). 
TRTot Inf  = Infiltration losses from both native Tule River water and imported water 

(acre-ft). 
ET = Evapotranspiration (acre-ft). 
TRNative Inf Loss = Infiltration losses between Oettle Bridge and Turnbull Weir attributed 

to native Tule River water (acre-ft). 
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It is noted that there are two sources of water in the Deer Creek channel:  1) native flow 
and 2) imported water from the Friant-Kern Canal.  It is further noted that imported water is 
introduced into the Deer Creek channel upstream of Trenton Weir.  Thus, until a stream gage is 
established upstream of the Friant-Kern Canal/Deer Creek intersection, the separate accounting of 
losses associated with imported water and native Deer Creek surface flow will be approximated.  
Imported water discharged to the Deer Creek channel from the Friant-Kern Canal is monitored by 
the USBR and reported in the Pixley Irrigation District monthly water use summaries. 

 
Deer Creek channel loss (i.e. streambed infiltration and evapotranspiration) from Fountain 

Springs to Trenton Weir was estimated based on the difference in measured flows between the two 
stations.  The surface flow between these two stations is assumed to be, for this water budget, 
native Deer Creek water.  Deer Creek channel infiltration will be estimated as follows: 

 
DCFS – DCTW – ET = DCInf Loss 

Where: 
 

DKFS = Gaged flow at Fountain Springs (acre-ft). 
DKTW = Gaged flow at Trenton Weir (acre-ft).  
ET = Evapotranspiration (acre-ft). 
DCInf Loss = Infiltration losses attributed to native Deer Creek 

water (acre-ft). 
 
Flow in the Deer Creek channel from Trenton Weir to Homeland Canal is a combination 

of native Tule River water and imported water purchased by the Pixley Irrigation District for 
distribution in their service area.  For this water balance, it is assumed that all of the water that 
flows through Trenton Weir is either delivered to farmers or becomes channel or canal loss (i.e. 
there are no data available to document surface flow from the Deer Creek channel to Homeland 
Canal although it is known that this occurs during periods of above normal precipitation).  The 
infiltration of native Deer Creek water in the Deer Creek channel downstream of Trenton Weir is 
estimated for each month based on Pixley Irrigation District annual water use summaries in the 
following way: 

 
1. Subtract the imported water deliveries to Deer Creek from the total flow measured 

at Trenton Weir to estimate the volume entering Pixley Irrigation District that is 
attributed to native Deer Creek flow. 

2. Pixley Irrigation District sales and deliveries to basins are subtracted from the total 
flow through Trenton Weir to determine the volume of water presumably lost as 
infiltration in the Deer Creek channel and canals. 

3. The total loss in No. 2 is multiplied by the ratio of Deer Creek channel length to the 
total channel/canal length within the Pixley irrigation District (0.21) to estimate 
losses in the channel and multiplied by the ratio of canal length to the total 
channel/canal length to estimate losses in the canals (0.79). 

4. The total loss attributed to the Deer Creek channel, as estimated from No. 3, is 
multiplied by the ratio of native Deer Creek flow at Trenton Weir to the total water 
available to estimate the volume of native Deer Creek water infiltration estimated 
to occur in the Deer Creek channel. 
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5. The total loss attributed to canals, as estimated from No. 3, is multiplied by the ratio 
of native Deer Creek flow at Trenton Weir to the total water available to estimate 
the volume of native Deer Creek water loss estimated to occur in the canals. 

 
Infiltration losses in the Deer Creek channel are included in the Sustainable Yield of the 

overall Tule Subbasin. 
 
White River 

 
All of the surface water flow measured or interpolated at the White River stream gage, after 

accounting for ET losses, is assumed to become streambed infiltration, as described in Section 
3.4.1.1.3. 
 

 Canal Losses 
 
Canal Losses from Tule River Diversions 

 
Canal losses from Tule River diversions occur within the numerous unlined canals 

connected to the Tule River within the City of Porterville, Vandalia Water District, Porterville 
Irrigation District and LTRID.   With the exception of LTRID, canal losses are accounted for in 
the portion of the water budget that addresses deep percolation of applied water (see Section 
3.7.1.1.2.5).  

 
Canal losses associated with deliveries of native Tule River water in the LTRID GSA are 

estimated based on LTRID annual water use summaries.  Canal losses will be reported as total 
LTRID GSA losses minus channel losses attributed to native Tule River water (TRNative Inf Loss).  
The equation is as follows: 

 
𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼  −  𝐸𝐸𝑇𝑇𝑁𝑁𝐺𝐺𝑃𝑃𝑖𝑖𝑑𝑑𝑒𝑒 𝐿𝐿𝐼𝐼𝑒𝑒 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼  = 𝐸𝐸𝑇𝑇𝑁𝑁𝐺𝐺𝑃𝑃𝑖𝑖𝑑𝑑𝑒𝑒 𝐷𝐷𝐺𝐺𝐼𝐼 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼 

 
Where: 

 

 
 
Canal losses from diverted native Tule River water are not included in the Sustainable 

Yield of the overall Tule Subbasin. 
 

  

TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods Central Diversion, 
Poplar Irrigation Company flow reaching LTRID, and Porter Slough 
at 192 (acre-ft). 

FK = Imported water delivered to the LTRID from the Friant Kern Canal. 
LTRIDTotal Losses = Total losses reported in LTRID annual water use summaries. 
TRNative Inf Loss = Native Tule River channel infiltration losses. 
TRNative Can Loss = Canal losses attributed to native Tule River water. 
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Canal Losses from Deer Creek Diversions 
 
It is assumed that canal losses from delivery of native Deer Creek water to riparian 

landowners and farmers occur only within the PID GSA.  The methodology to estimate canal 
losses within the PID GSA is described above. 

 
Canal losses from diverted Deer Creek water are not included in the Sustainable Yield of 

the overall Tule Subbasin. 
 
Canal Losses from Imported Water Deliveries 
 

With the exception of canal losses within the Angiola Water District and Porterville 
Irrigation District, it is assumed that imported water that infiltrates into the subsurface in the Tule 
River channel, Deer Creek channel and unlined canals is grouped together.  Within the Angiola 
Water District and Porterville Irrigation District, canal losses are accounted for in the portion of 
the water budget that addresses deep percolation of applied water (see Section 3.7.1.1.2.5). For the 
Tule River, canal losses are estimated as follows: 

 
𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼  −  𝐸𝐸𝑇𝑇𝑁𝑁𝐺𝐺𝑃𝑃𝑖𝑖𝑑𝑑𝑒𝑒 𝐿𝐿𝐼𝐼𝑒𝑒 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼  = 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑚𝑚𝑃𝑃 𝐷𝐷𝐺𝐺𝐼𝐼 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼 

 
Where: 

 
LTRIDTotal Losses = Total losses reported in LTRID annual water use 

summaries (acre-ft). 
TRNative Inf Loss = Native Tule River channel infiltration losses (acre-ft). 
LTRIDImp Can Loss = Canal losses attributed to imported water in the LTRID 

(acre-ft). 
 
For Deer Creek, canal losses are estimated as follows: 

𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼  −  𝐿𝐿𝐷𝐷𝑁𝑁𝐺𝐺𝑃𝑃𝑖𝑖𝑑𝑑𝑒𝑒 𝐿𝐿𝐼𝐼𝑒𝑒 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼  = 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑚𝑚𝑃𝑃 𝐷𝐷𝐺𝐺𝐼𝐼 𝐿𝐿𝑃𝑃𝐼𝐼𝐼𝐼 
 
 

Where: 
 

Canal losses resulting from delivery of imported water are not included in the Sustainable 
Yield of the overall Tule Subbasin. 
 
  

PixleyTotal Losses = Total losses reported in Pixley Irrigation District annual 
water use summaries (acre-ft). 

DCNative Inf Loss = Native Deer Creek channel infiltration losses   
(acre-ft). 

PixleyImp Can Loss = Canal losses attributed to imported water in the Pixley 
Irrigation District (acre-ft). 
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 Managed Recharge in Basins 
 
Managed Recharge of Tule River Diversions 

 
Native Tule River water is diverted to basins for recharge by Pioneer Water Company, 

Campbell and Moreland Ditch Company, Vandalia Water District, Porterville Irrigation District, 
and LTRID.   

 
All of the water diverted by Campbell and Moreland Ditch Company and Vandalia Water 

District (ETGSA) is native Tule River flow and is assumed to be delivered to basins.  The native 
Tule River water diverted by these agencies is reported in TRA annual reports.  Native Tule River 
water diverted to basins by Pioneer Water Company and Porterville Irrigation District will be 
provided by those agencies. 

 
Monthly total water deliveries to basins in the LTGSA are reported in LTRID annual water 

use summary reports.  The total deliveries include both native Tule River water and imported water 
from the Friant-Kern Canal.  The basin recharge attributable to native Tule River water 
downstream of Oettle Bridge will be reported as follows: 

 
𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ = 𝐸𝐸𝑇𝑇𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ 

 
Where: 
  

 
Managed recharge of diverted native Tule River water is not included in the Sustainable 

Yield of the overall Tule Subbasin. 
 
Managed Recharge of Deer Creek Diversions 

 
Artificial recharge (i.e. recharge in basins) of diverted Deer Creek streamflow is 

accomplished via multiple recharge facilities.  Native Deer Creek water is diverted to basins for 
recharge by Pixley Irrigation District and DCTRA.  It is acknowledged that the Pixley Irrigation 
District diversions are limited to the rights of the riparians within the District.  The amount of the 
water right is subject to discussion.  Basin recharge attributed to native Deer Creek water is 
estimated using the following equation: 

 

TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods Central 
Diversion, Poplar Irrigation Company flow reaching LTRID, 
and Porter Slough at 192 (acre-ft). 

FK = Imported water delivered to the LTRID from the Friant Kern 
Canal (acre-ft). 

LTRIDTotal Basin Rech = Total LTRID basin recharge from annual water use summaries 
(acre-ft). 

TRBasin Rech = Basin recharge in LTRID attributed to native Tule River water 
(acre-ft). 
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𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑
𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹

 𝑥𝑥 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ = 𝐿𝐿𝐷𝐷𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ 

 
Where: 
 

 
Managed recharge of diverted Deer Creek water is not included in the Sustainable Yield of 

the overall Tule Subbasin. 
 

Managed Recharge of Imported Water 
 

Managed recharge of imported water is accomplished via multiple recharge facilities 
within the Porterville Irrigation District, LTRID, Pixley Irrigation District, Tea Pot Dome Water 
District and DEID.  Managed recharge attributed to imported water in the LTRID is estimated as 
follows: 

 
𝐹𝐹𝐹𝐹

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ = 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑚𝑚𝑃𝑃 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ 

 
Where: 

 
TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods 

Central Diversion, Poplar Irrigation Company flow 
reaching LTRID, and Porter Slough at 192 (acre-ft). 

FK = Imported water delivered to the LTRID from the Friant 
Kern Canal (acre-ft). 

LTRIDTotal Basin Rech = Total LTRID basin recharge from annual water use 
summaries (acre-ft). 

LTRIDImp Basin Rech = Basin recharge in LTRID attributed to imported water 
(acre-ft). 

 
Managed recharge of imported water in the Pixley Irrigation District is estimated as 

follows: 
 

𝐹𝐹𝐹𝐹
𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹

 𝑥𝑥 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ = 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑚𝑚𝑃𝑃 𝐵𝐵𝐺𝐺𝐼𝐼𝑖𝑖𝐼𝐼 𝐿𝐿𝑒𝑒𝑃𝑃ℎ 

 
 
 
 

DCGaged = Gaged flow through Trenton Weir (acre-ft). 
FK = Imported water delivered to the Pixley Irrigation District from 

the Friant-Kern Canal (acre-ft). 
PixleyTotal Basin Rech = Total Pixley Irrigation District basin recharge from annual 

water use summaries (acre-ft). 
DCBasin Rech = Basin recharge in Pixley Irrigation District attributed to native 

Deer Creek water (acre-ft). 
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Where: 

 
DCGaged  = Gaged flow through Trenton Weir (acre-ft). 
FK = Imported water delivered to the Pixley Irrigation District 

from the Friant Kern Canal (acre-ft). 
PixleyTotal Basin Rech = Total Pixley Irrigation District basin recharge from annual 

water use summaries (acre-ft). 
PixleyImp Basin Rech = Basin recharge in Pixley Irrigation District attributed to 

imported water (acre-ft). 
 
Imported water delivered to recharge in basins for DEID, Porterville Irrigation District and 

Tea Pot Dome Water District will be provided by each district.  
 
Managed recharge of imported water is not included in the Sustainable Yield of the overall 

Tule Subbasin. 
 

Recharge of Recycled Water in Basins 
 
Most of the recycled water generated by the City of Porterville is used for agricultural 

irrigation.  From time to time, some of the recycled water is delivered to basins in the Old Deer 
Creek Channel where it infiltrates into the subsurface to become groundwater recharge.  Basin 
recharge of recycled water will be based on data provided by the City of Porterville.  Managed 
recharge of recycled water in basins is not included in the Sustainable Yield of the overall Tule 
Subbasin. 

 
 Deep Percolation of Applied Water 

 
Deep Percolation of Applied Tule River Diversions 
 

Deep percolation of applied Tule River water for irrigating agriculture will be applied to 
the various land uses in the Tule Subbasin according to the irrigation method (e.g. drip irrigation, 
flood irrigation, micro sprinkler, etc.) for each land use type reported in DWR on-line land use 
maps.  Irrigation efficiencies will be applied to the different irrigation methods based on tables 
reported in California Energy Commission (2006)3. 

 
Tule River water is diverted for agricultural irrigation by the Pioneer Water Company, 

Porter Slough Headgate, Porter Slough Ditch Company, Campbell and Moreland Ditch Company, 
Vandalia Water District, Hubbs and Miner Ditch Company, Poplar Irrigation Co., Woods Central 
Ditch Company, Porter Slough Below 192, and Below Oettle Bridge.  Application of the 
appropriate deep percolation rate will depend on the crop types receiving native Tule River water 
and the associated irrigation methods.  In the LTGSA, estimation of the volume of applied water 
attributed to native Tule River water is based on the following: 

 
 

3 California Energy Commission, 2006.  PIER Project Report:  Estimating Irrigation Water Use for California 
Agriculture:  1950s to Present.  May 2006. 
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𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑒𝑒𝑑𝑑𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑𝑖𝑖𝑒𝑒𝐼𝐼 = 𝐸𝐸𝑇𝑇𝐴𝐴𝑃𝑃𝑃𝑃 𝑊𝑊𝐺𝐺𝑃𝑃𝑒𝑒𝑑𝑑 

 
Where: 
  

 
Deep percolation is calculated as the applied water (TRApp Water) multiplied by the 

appropriate percent deep percolation depending on the crop type receiving the water and the 
associated irrigation method. 

 
Deep percolation of applied native Tule River water is not included in the Sustainable Yield 

of the overall Tule Subbasin. 
 
Deep Percolation of Applied Deer Creek Diversions 

 
The portion of native Deer Creek water delivered for agricultural use within the PIXID 

GSA is estimated using the following equation: 
 

𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑
𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹

 𝑥𝑥 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑒𝑒𝑑𝑑𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑𝑖𝑖𝑒𝑒𝐼𝐼 = 𝐿𝐿𝐷𝐷𝐴𝐴𝑃𝑃𝑃𝑃 𝑊𝑊𝐺𝐺𝑃𝑃𝑒𝑒𝑑𝑑 

Where: 
 
DCGaged  = Gaged flow through Trenton Weir (acre-ft). 
FK = Imported water delivered to the Pixley Irrigation District 

from the Friant Kern Canal (acre-ft). 
PixleyTotal Deliveries = Total Pixley Irrigation District deliveries (i.e. “Sales”) from 

annual water use summaries (acre-ft). 
DCApp Water = Applied water in Pixley Irrigation District from native Deer 

Creek River water (acre-ft). 
 
Deep percolation is estimated as the applied water (DCApp Water) multiplied by the appropriate 

percent deep percolation depending on the crop type receiving the water. 
 
Deep percolation of applied native Deer Creek water is not included in the Sustainable 

Yield of the overall Tule Subbasin. 
 

TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods Central 
Diversion, Poplar Irrigation Company flow reaching LTRID, and 
Porter Slough at 192 (acre-ft). 

FK = Imported water delivered to the LTRID from the Friant Kern 
Canal (acre-ft). 

LTRIDTotal Deliveries = Total LTRID deliveries (i.e. “Sales”) from annual water use 
summaries (acre-ft). 

TRApp Water = Volume of applied native Tule River water in the LTRID (acre-ft). 
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Deep Percolation of Applied Imported Water 
 

Deep percolation of imported water delivered and applied to crops within the LTGSA is 
based on the following equation: 

 
𝐹𝐹𝐹𝐹

𝐸𝐸𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹
 𝑥𝑥 𝐿𝐿𝐸𝐸𝑇𝑇𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑒𝑒𝑑𝑑𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑𝑖𝑖𝑒𝑒𝐼𝐼𝑥𝑥 𝐿𝐿𝑃𝑃𝐹𝐹𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑 = 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐹𝐹𝐹𝐹 

 
Where: 

 
TRGaged = Sum of gaged flow at Below Oettle Bridge, Woods Central 

Diversion, Poplar Irrigation Company flow reaching LTRID, 
and Porter Slough at 192 (acre-ft). 

FK = Imported water delivered to the LTRID from the Friant Kern 
Canal (acre-ft). 

LTRIDTotal Deliveries = Total LTRID deliveries (i.e. “Sales”) from annual water use 
summaries (acre-ft). 

DPFactor = Deep percolation factor that varies from 0.06 to 0.33 depending 
on the type of crop receiving the imported water (see Section 
3.7.1.1.2.3.4) (unitless). 

DPLTRID FK = Deep percolation of imported water applied to crops in the 
LTRID  
(acre-ft). 

 
Deep percolation of imported water delivered and applied to crops within the PIXID GSA 

is based on the following equation: 
 

𝐹𝐹𝐹𝐹
𝐿𝐿𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑑𝑑 + 𝐹𝐹𝐹𝐹

 𝑥𝑥 𝑃𝑃𝑑𝑑𝑥𝑥𝑑𝑑𝑑𝑑𝑦𝑦 𝐼𝐼𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝑑𝑑 𝐿𝐿𝑒𝑒𝑑𝑑𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑𝑖𝑖𝑒𝑒𝐼𝐼𝑥𝑥 𝐿𝐿𝑃𝑃𝐹𝐹𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑 = 𝐿𝐿𝑃𝑃𝑃𝑃𝑖𝑖𝑃𝑃𝑑𝑑𝑒𝑒𝑦𝑦 𝐿𝐿𝐿𝐿 𝐹𝐹𝐹𝐹 

 
Where: 

 
DCGaged = Deer Creek at Trenton Weir (acre-ft). 
FK = Imported water delivered to the Pixley ID from the Friant Kern 

Canal (acre-ft). 
Pixley IDTotal Deliveries = Total Pixley ID deliveries (i.e. “Sales”) from annual water use 

summaries (acre-ft). 
DPFactor = Deep percolation factor that varies from 0.06 to 0.33 depending 

on the type of crop receiving the imported water (see Section 
3.7.1.1.2.3.4) (unitless). 

DPPixley ID FK = Deep percolation of imported water applied to crops in Pixley 
Irrigation District (acre-ft). 

 
 
Deep percolation of imported water delivered and applied to crops in DEID, Porterville 

Irrigation District, Saucelito Irrigation District, Tea Pot Dome Water District, Alpaugh Irrigation 
District, Angiola Water District, and Atwell Island Water District shall be estimated as the 
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delivered water, minus water delivered to basins, multiplied by the appropriate percent deep 
percolation factor. 

 
Deep percolation of applied imported water is not included in the Sustainable Yield of the 

overall Tule Subbasin. 
 
Deep Percolation of Applied Recycled Water 
 

Deep percolation of recycled water applied to crops will be estimated using the deep 
percolation factors described earlier in this section.  Deep percolation of applied recycled water is 
not included in the Sustainable Yield of the overall Tule Subbasin. 
 
Deep Percolation of Applied Native Groundwater for Agricultural Irrigation 
 

The balance of agricultural irrigation demand not met by imported water or stream 
diversions is assumed to be met by groundwater pumping.  Groundwater extraction will be 
calculated based on the methods described in Section 3.3.  Deep percolation of applied water from 
groundwater pumping will be based on the types of crops on which the water is applied and will 
be calculated using the deep percolation factors discussed earlier in this section.  Deep percolation 
of applied water from agricultural groundwater pumping is included in the Sustainable Yield of 
the overall Tule Subbasin. 
 
Deep Percolation of Applied Native Groundwater for Municipal Irrigation 
 

Deep percolation of applied water for landscape irrigation was estimated for the urbanized 
portions of the Tule Subbasin.  All municipal water demand is met from groundwater pumping.  
For the City of Porterville, landscape irrigation was estimated to be 47 percent of the total water 
delivered to each home based on an analysis of the total groundwater production and influent flows 
to the wastewater treatment plant (City of Porterville draft Urban Water Management Plan 2010 
Update, 2014).  Of the water used for irrigation, 25 percent is assumed to become deep percolation 
and groundwater recharge. Deep percolation of applied water from municipal groundwater 
pumping is included in the Sustainable Yield of the overall Tule Subbasin. 

 
For the other smaller communities in the Tule Subbasin, wastewater discharge is assumed 

to be through individual septic systems.  For water discharged to septic systems, it is assumed that 
100 percent of the discharge becomes deep percolation and groundwater recharge.  As with the 
City of Porterville, 47 percent of total water use was assumed to be for landscape irrigation and 25 
percent of the landscape irrigation is assumed to become deep percolation. 
 

 Evapotranspiration 
 
Evapotranspiration of Precipitation from Crops and Native Vegetation 

 
Evapotranspiration (ET) is the loss of water to the atmosphere from free-water evaporation, 

soil-moisture evaporation, and transpiration by plants.  Evapotranspiration of precipitation is 
assumed to be the difference between total precipitation (Section 3.7.1.1.1.1) and areal recharge 
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from precipitation (Section 3.7.1.1.2.1).  This value includes evapotranspiration of precipitation 
from crops as well as native vegetation.   
 
Evapotranspiration of Surface Water Within the Tule River Channel 

 
Evapotranspiration of surface water within the Tule River channel is a function of the ET 

rate and wetted channel surface area.  The ET rate was based on published data for riparian 
vegetation in an intermittent stream and applied to channel segments with similar average width 
based on aerial photographs (Google Earth).  The ET rate was applied to the surface area of each 
reach to obtain an estimate of ET.  The sum of reach by reach ET estimates between Lake Success 
and the western Tule Subbasin boundary represents the total Tule River ET.   
 
Evapotranspiration of Surface Water Within the Deer Creek Channel 

 
Evapotranspiration within the Deer Creek channel was estimated using the same 

methodology as described for the Tule River Channel.   
 
Evapotranspiration of Surface Water Within the White River Channel 
 

Evapotranspiration in the White River channel was estimated using the same methodology 
as described for the Tule River Channel.   
 
Evapotranspiration of Recycled Water in Basins 
 

Evapotranspiration of recycled water delivered to basins will be provided by the City of 
Porterville. 
 
Agricultural Consumptive Use 
 

Crop consumptive use may be estimated using one of the methods described in Section 
3.3.1.  
 
Municipal Consumptive Use 
 

Consumptive use of landscaping associated with applied municipal groundwater pumping 
will be estimated based on the methods described in Section 3.5.1.2.2.   

 
 Surface Water Flow Out of the Subbasin 

Tule River 
 
Any residual stream flow in the Tule River that reaches the Turnbull Weir, located at the 

west (downstream) end of the Tule Subbasin, is assumed to flow out of the subbasin.  Outflow 
through the Turnbull Weir is documented in the TRA annual reports.  Exports of Tule River water 
to the Friant-Kern Canal will be the same as reported in TRA annual reports. 
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Deer Creek 
 
During periods of above-normal precipitation, residual stream flow left in the Deer Creek 

after diversions has historically flowed into Homeland Canal, located at the west end of the Tule 
Subbasin.  The data for this outflow is currently unavailable.  As this data becomes available, it 
will be incorporated into the surface water budget. 

 
3.7.3 Groundwater Budget 

 
The groundwater budget describes the sources and estimates the volumes of groundwater 

inflow and outflow within the Tule Subbasin.  The difference between the sum of inflow terms 
and the sum of outflow terms is the change in groundwater storage (ΔS).  A fundamental premise 
of the groundwater budget is the following relationship: 

 
Inflow – Outflow = +/- ΔS 

 
Sources of recharge (inflow terms) in the groundwater budget include: 

1. Areal recharge from precipitation. 
2. Recharge within stream and river channels. 
3. Managed recharge in basins. 
4. Canal infiltration. 
5. Deep percolation of applied municipal and agricultural irrigation. 
6. Release of water from compression of aquitards. 
7. Subsurface inflow. 
8. Mountain-Front Recharge. 

 
It is noted that many of the groundwater inflow terms are surface water outflow terms.  The 
groundwater budget includes the following sources of discharge (outflow terms): 

1. Municipal groundwater pumping. 
2. Agricultural groundwater pumping. 
3. Groundwater pumping for export out of the subbasin. 
4. Evapotranspiration. 
5. Subsurface outflow. 

 
3.7.3.1 Sources of Recharge 

 
 Areal Recharge 

Groundwater recharge from precipitation falling on the valley floor in the Tule Subbasin 
will be estimated for each GSA as described in Section 3.7.1.1.2.1.  Areal recharge of the 
groundwater system from precipitation is included in the Sustainable Yield of the overall Tule 
Subbasin. 

 
 Tule River 

 
Groundwater recharge of native Tule River water occurs as streambed infiltration, 

infiltration of water in unlined canals, recharge in basins, and deep percolation of applied water.  



TULE SUBBASIN COORDINATION AGREEMENT – REVISED FINAL 
 

2489125v9 / 19088.0001  - 43 - 
 

The methods for estimating the volumes of Tule River water that become groundwater recharge 
are described in Section 3.7.1.1.2.   

 
 Deer Creek 

 
Groundwater recharge of native Deer Creek water occurs as streambed infiltration, canal 

loss, recharge in basins, and deep percolation of applied water.  The methods for estimating the 
volumes of Deer Creek water that become groundwater recharge are described in Section 3.7.1.1.2. 

 
 White River 

 
Groundwater recharge of White River water occurs as streambed infiltration as described 

in Section 3.7.1.1.2. 
 

 Imported Water Deliveries 
 
Groundwater recharge of imported water occurs as canal loss, recharge in basins, and deep 

percolation of applied water as described in Section 3.7.1.1.2.   
 

 Recycled Water 
 
Groundwater recharge of recycled water occurs as artificial recharge and deep percolation 

of applied water as described in Section 3.7.1.1.2.   
 

 Deep Percolation of Applied Water from Groundwater Pumping 
 
A portion of irrigated agriculture and municipal applied water from groundwater pumping 

becomes deep percolation and groundwater recharge as described in Sections 3.7.1.1.2.8.1 and 
3.7.1.1.2.8.2. 

 Release of Water from Compression of Aquitards 
 

As land subsidence due to groundwater withdrawal is considered an undesirable result, the 
ultimate goal of the Tule Subbasin TAC is to reduce it to de minimis levels.  In the meantime, in 
order to produce a representative water balance, the volume of water released to the aquifer as a 
result of subsidence can be estimated using the methods described in Section 3.8. 

 Subsurface Inflow 
 

The subsurface inflow and outflow along the southern, western and northern boundaries of 
the Tule Subbasin as well as the internal boundaries between each GSA will be evaluated as needed 
using either of the following methodologies: 
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Flow Net Analysis 
 
A flow net analysis is applied to groundwater elevation contours developed for both the 

shallow and deep aquifers.  The groundwater elevation contours will be based on measured 
groundwater levels at designated monitoring wells with perforations specific to each aquifer.  After 
developing the groundwater contours, flow lines that are perpendicular to the groundwater 
elevation contours will be equally spaced along the boundary of the Subbasin or GSA.   

 
For the shallow aquifer, which is conceptualized as being unconfined, subsurface 

inflow/outflow will be estimated using the Dupuit Equation, which is expressed as: 
 

Q =  0.5K�
(h1 − h2)2

L
� 

 Where:   
   Q  =  Subsurface flow, (acre-ft) 
   K  = Hydraulic Conductivity, (ft/day) 
   h1 =  Initial Hydraulic head, (ft amsl) 
   h2 = Ending Hydraulic head, (ft amsl) 
   L = Flow Length (ft)  
 
For the deep aquifer, which is conceptualized as being semi-confined/confined, subsurface 

inflow/outflow will be estimated using the Darcy Equation, which is expressed as: 

Q =  KA �
dh
dl�

 
 Where:   
   Q  =  Subsurface flow, (acre-ft) 
   K  = Hydraulic Conductivity, (ft/day) 
   A = Aquifer Cross-Sectional Area, (ft2) 
    

𝑑𝑑ℎ 
𝑑𝑑𝑑𝑑

 =  Hydraulic gradient    
 
As the groundwater flow lines into and out of the subbasin/GSA may not occur at right 

angles to the subbasin/GSA boundary, it will be necessary to correct the subsurface flow by the 
angle (degrees) of the flow line relative to the basin boundary.  This will be conducted by 
multiplying the subsurface inflow value by the sine of the angle of flow relative to the boundary. 

 
Groundwater Flow Model 

 
TH&Co has prepared a calibrated groundwater flow model of the Tule Subbasin.  The 

model is capable of calculating the subsurface inflow and outflow to/from the subbasin boundaries 
and/or each GSA boundary.  In order to develop updated subsurface inflow/outflow values for the 
water budget, the model will be updated annually with groundwater extractions, recharge values, 
and groundwater levels.  The model calibration will be validated with the measured data and 
adjusted periodically.  Once the updated model is validated, it can be used to estimate the 
subsurface inflow/outflow at each subbasin boundary and each GSA boundary. 
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 Mountain-Front Recharge 
 
Mountain-front recharge represents the infiltration of precipitation into the fractures in the 

bedrock east of the Tule Subbasin, which eventually flows into the alluvial aquifer system in the 
subsurface where the fractured rock aquifer system is in hydrologic communication with the 
alluvial aquifer system.  Estimates of mountain-block recharge will be developed using the 
calibrated groundwater flow model. 

 
3.7.3.2 Sources of Discharge 

 
 Municipal Groundwater Pumping 

 
Groundwater pumping data for municipal supply is metered and will be provided by the 

individual cities within the Tule Subbasin, as described in Section 3.7.1.1.1.5  
 

 Agricultural Groundwater Pumping 
 
Agricultural groundwater production will be estimated as described in Section 3.3. 
 

 Groundwater Pumping for Export Out of the Tule Subbasin 
 
The volume of groundwater that is pumped and exported out of the subbasin on a quarterly 

basis will be provided by Angiola Water District and the Boswell/Creighton Ranch. 
 

 Subsurface Outflow 
 
The subsurface outflow at the Tule Subbasin boundaries and/or GSA boundaries will be 

estimated using one of the methods described in Section 3.7.1.2.1.9. 
 

3.7.4 Quality Assurance and Control 
 

The water budget will be completed and updated by each GSA using professionals working 
under the direct supervision of a California Registered Professional Civil Engineer, Professional 
Geologist, or Certified Hydrogeologist.    All GSA water budgets will be subject to review by the 
Tule Subbasin TAC’s technical consultant. 
 

 

[The remainder of this page is intentionally left blank] 
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IV. Sustainable Management Criteria (§357.4(b)(3)(C)) 
 

Pursuant to 23 Cal. Code Regs. §357.4(b)(3)(C), the coordination agreement shall describe 
how the GSAs have used the same data and methodologies for estimating sustainable yield for the 
basin. The description shall be supported by a description of undesirable results for the basin, and an 
explanation of how the minimum thresholds and measurable objectives defined by each Plan relate to 
those undesirable results, based on information described in the basin setting.  

4.1 Introduction (Reg. § 354.22)  
 
Pursuant to 23 Cal. Code Regs. §354.22, this Chapter describes criteria that constitute 

sustainable groundwater criteria for the Tule Subbasin4, including its sustainability goal and the 
characterization and definition of undesirable results for each applicable sustainability indicator.  

4.2 Sustainability Goal ( § 354.24)  
 
Pursuant to 23 Cal. Code Regs. §354.24, the Sustainability Goal of the Tule Subbasin is defined 

as the absence of undesirable results, accomplished by 2040 and achieved through a collaborative, 
Subbasin-wide program of sustainable groundwater management by the various Tule Subbasin GSAs.   

Achievement of this goal will be accomplished through the coordinated effort of the Tule 
Subbasin GSAs in cooperation with their many stakeholders. It is further the goal of the Tule Subbasin 
GSAs that coordinated implementation of their respective GSPs will achieve sustainability in a manner 
that facilitates the highest degree of collective economic, societal, environmental, cultural, and 
communal welfare and provides all beneficial uses and users the ability to manage the groundwater 
resource at least cost. Moreover, this coordinated implementation is anticipated to ensure that the 
sustainability goal, once achieved, is also maintained through the remainder of the 50-year planning 
and implementation horizon, and well thereafter.  

In achieving the Sustainability Goal, these GSPs are intended to balance average annual 
inflows and outflows of water by 2040 so that long term negative change in storage does not occur 
after 2040, with the ultimate goal being avoidance of undesirable results caused by groundwater 
conditions throughout the Subbasin. The stabilization of change in storage should also drive stable 
groundwater elevations, which, in turn, works to inhibit water quality degradation and arrest land 
subsidence.  

4.2.1 Sustainable Yield  
 
Chapter 2.3.2.6 of the Tule Subbasin Setting estimates the projected Sustainable Yield for 

the Tule Subbasin to be approximately 130,000 acre-ft/yr (see Table 2-4, Tule Subbasin Setting).  

The term “Sustainable Yield” for the purposes of SGMA and GSPs developed under 
SGMA is defined by Water Code §10721(w) as: “the maximum quantity of water, calculated over 

 
 
4 The Tule Subbasin is designated by the California Department of Water Resources as Basin No. 5-22.13 

and is also abbreviated herein as the “Subbasin”.  
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a base period representative of long-term conditions in the basin and including any temporary 
surplus, that can be withdrawn annually from a groundwater supply without causing an 
undesirable result.”  

Within the Tule Subbasin, the Sustainable Yield includes the natural channel losses in the 
natural streams, precipitation, subsurface inflow and subsurface outflow, mountain front 
subsurface inflow, and return flow of applied water not subject to recapture (by virtue of a Water 
Right). The components not included in the estimate of the Tule Subbasin’s Sustainable Yield are 
described below from the Tule Subbasin Setting:  

“It is noted that sources of groundwater recharge in the subbasin that are associated 
with pre-existing water rights and/or imported water deliveries are not included in the 
Sustainable Yield estimate. These recharge sources include:  

Diverted Tule River water canal losses, recharge in basins, and deep percolation of applied 
water, Diverted Deer Creek water canal losses, recharge in basins, and deep percolation of applied 
water, Imported water canal losses, recharge in basins, and deep percolation of applied water, and 
Recycled water deep percolation of applied water and recharge in basins.” (Tule Subbasin Setting)  

The sources of groundwater recharge that are not included in the Subbasin Sustainable Yield 
calculations are intended to be accounted for by each GSA.   

As noted above, for purposes of establishing the water budget pursuant to 23 Cal. Code 
Regs. §354.18, the GSAs in the Tule Subbasin have agreed that the Sustainable Yield for the 
Subbasin shall be divided amongst the GSAs for purposes of development of their GSPs as 
described in the attached water budget (Attachment 2). The basin-wide portion of the Sustainable 
Yield identified in the water budget was divided amongst each GSA by multiplying that GSA’s 
proportionate areal coverage of the Tule Subbasin times the total Subbasin Sustainable Yield.  

The water budget, as divided amongst the GSAs, is not an allocation or final determination of 
any water rights (including without limitation any claimed appropriative or prescriptive rights). This 
understanding is consistent with §10720.5(b) of SGMA, which provides that nothing in SGMA or in 
a plan adopted under SGMA determines or alters surface or groundwater rights under common law 
or any provision of law that determines or grants water rights. Rather, for practical reasons and in 
keeping with SGMA limitations with respect to determining water rights and the statutory deadlines 
for GSP submittal, the use of the proportional acreage basis for dividing up the water budget—
among the Tule Subbasin GSAs—was used because it represents the most readily-available and 
implementable manner of accounting for the water budget for GSA-specific GSP preparation 
purposes at this time.  

The GSAs will be collecting additional data during the GSP implementation period and 
will consider refining or changing the method of dividing Sustainable Yield for water budget 
purposes in future GSP updates. The division of Sustainable Yield among the GSAs under this 
Coordination Agreement does not constitute any determination that groundwater extractions 
within a GSA in excess of a budgeted amount would cause an undesirable result or that extractions 
less than a budgeted amount would not cause an undesirable result. The water budget division also 
does not require any GSA to implement particular projects or management actions.  
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4.3 Undesirable Results (Reg. § 354.26)  
 
Pursuant to 23 Cal. Code Regs. §357.26, the GSAs agree on the following processes and 

criteria to define undesirable results applicable to the Subbasin. Undesirable Results are caused by 
groundwater conditions occurring throughout the basin that, for any sustainability indicator, are 
considered significant and unreasonable. These conditions, or sustainability indicators, include:  

 Chronic lowering of groundwater levels indicating a depletion of supply if continued over  
the planning and implementation horizon;  

 Reduction of groundwater storage;  
 Seawater intrusion;  
 Degraded water quality, including the migration of contaminant plumes that impair water  

supplies;  
 Land subsidence that substantially interferes with surface land uses; and  
 Depletions of interconnected surface water that have adverse impacts on beneficial uses.  

The process to identify the conditions that constitute significant and unreasonable conditions 
in the Tule Subbasin was informed through: 

• Research and documentation of the hydrogeological conceptual model of the 
subbasin (see Attachment 1); 

• Development of a calibrated numerical groundwater flow model of the subbasin for 
use in estimating sustainable yield and analyzing the effects of projects and 
management actions on future groundwater levels and land subsidence (see 
Attachment 3); 

• Analysis of potential future groundwater levels, land subsidence, and groundwater 
quality throughout the subbasin for use in assessing significant and unreasonable 
groundwater conditions and identifying sustainable management criteria (see 
Attachments 4, 5, and 6). 

Based on analysis of the hydrogeological conceptual model, four sustainability indicators 
were identified with potential to cause significant and unreasonable effects within the Tule Subbasin. 
These indicators are:  

 Chronic lowering of groundwater levels indicating a depletion of supply if continued over  
the planning and implementation horizon;  

 Reduction of groundwater storage;  
 Degraded water quality, including the migration of contaminant plumes that impair  

groundwater supplies; and  
 Land subsidence that substantially impacts critical infrastructure.  

The definitions of undesirable results for each of these sustainability indicators are provided 
in the following subsections along with the criteria used to define them.   

Based on groundwater level and land subsidence projections from the Tule Subbasin 
groundwater flow model and analysis of potential impacts of the additional groundwater level decline 
and land subsidence projected for the transition period from 2020 to 2040 (see Attachments 4 and 6), 
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each GSA developed Sustainable Management Criteria for each of the sustainability indicators to 
avoid undesirable results in consideration of the beneficial uses of groundwater and the beneficial 
users of these supplies and facilities:  

• Municipal and Domestic Supply 
• Agricultural Supply 
• Industrial Supply 
• Critical Infrastructure, including the Friant-Kern Canal (FKC) 

 
The Sustainable Management Criteria identified to avoid undesirable results were vetted through a 
public process that included multiple stakeholder workshops, meetings, and document review.  While 
the sustainable management criteria are protective of undesirable results for most beneficial uses and 
users, during the transition period between 2020 and 2040, each GSA will adopt a Mitigation 
Program or Programs consistent with the Framework attached hereto as Attachment 7.     

Each individual GSA may further refine the Sustainable Management Criteria in its GSP based 
on GSA-specific information and considerations as long as it includes the above-described 
beneficial uses/users and undesirable results and provides explanations in support of its 
minimum thresholds and other criteria in a manner meeting SGMA requirements. 
 

4.3.1 Chronic Lowering of Groundwater Levels  
 

4.3.1.1 Causes of Groundwater Conditions That Could Lead to Undesirable 
Results (§354.26(b)(1))  

 
Groundwater levels in the Tule Subbasin have shown a general chronic lowering since 

approximately 1987. Without management actions to arrest this trend, the groundwater resource in 
the subbasin is not sustainable, which is an undesirable result. The primary cause of groundwater 
conditions that have led to chronic lowering of groundwater levels is groundwater production in 
excess of natural and artificial recharge over a multi-year period that includes both wetter than 
average and drier than average conditions.  This condition has been exacerbated during natural 
drought-cycles when access to imported water supplies is restricted and groundwater production 
increases. Restricted access to imported surface water can occur due to a variety of factors, 
including but not limited to, increased requirements in the Delta, which may increase the likelihood 
imported supplies from Millerton Lake will be delivered outside the Tule Subbasin. Climate change 
may also affect the availability and rate upon which natural and artificial recharge is available.   
 

4.3.1.2 Criteria to Define Undesirable Results (§354.26(b)(2))  
 
The GSA’s have determined that continued chronic lowering of groundwater levels below 

those needed to accommodate continued pumping during the transitional period of temporary 
overdraft is an undesirable result, as that condition is considered unsustainable.  Further, lack of 
access to water supplies for all beneficial uses and users due to lowered groundwater levels is 
considered significant and unreasonable and, therefore, an undesirable result.   

 
These significant and unreasonable conditions in the subbasin were informed through: 

• Development of a detailed hydrogeologic conceptual model of the subbasin (see 
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Attachment 1) 
• Development of a calibrated numerical groundwater flow model of the subbasin (see 

Attachment 3) 
• Analysis of potential future groundwater levels using the model and incorporating 

each GSA’s planned projects and management actions, and 
• Comparison of model-forecasted groundwater levels with the best available 

information on well depths in the subbasin (see Attachment 4). 
 
Each GSA has followed a public process through stakeholder workshops, Technical Advisory 

Committee meetings, and meetings of individual GSA Board of Directors to communicate potential 
undesirable results and receive feedback from the various beneficial uses and users of groundwater 
within its jurisdictional area.  Based on the best available data collected to date and groundwater 
model analysis, each GSA identified groundwater level conditions designed to reasonably protect 
access to groundwater for the majority of beneficial users. For those uses such as shallow domestic 
well owners where impacts to groundwater access may occur, each GSA will adopt a Mitigation 
Program or Programs consistent with the Framework attached hereto as Attachment 7. 

 
Aside from mitigation provisions for impacted beneficial uses, the quantitative definition of 

undesirable results for chronic lowering of groundwater levels indicating continued overdraft 
conditions is the lowering of the groundwater elevation below the minimum threshold at an RMS in 
any given GSA for the area and beneficial uses and users associated with that RMS.  This condition 
would indicate that more aggressive management actions were needed by the GSA to mitigate the 
overdraft. 

 
4.3.1.3 Potential Effects on Beneficial Uses and Users (§354.26(b)(3)) 

 
 Using the above-described criteria, the GSAs evaluated potential undesirable results to 

agricultural, domestic, industrial, and municipal beneficial uses. Overall, based on forecasting of 
future groundwater levels using a calibrated numerical groundwater flow model of the Tule Subbasin 
and the best available data, the projects and management actions to be implemented by each GSA are 
predicted to decelerate and arrest chronic lowering of groundwater levels by 2040.  Potential impacts 
to wells associated with groundwater level declines in the transition period between 2020 and 2040 
were evaluated through an analysis of well depths in the Tule Subbasin (see Attachment 4).  Potential 
effects of lowered groundwater levels on the various beneficial uses of groundwater in the Tule 
Subbasin, in the context of the groundwater modeling and analysis of well depths, are as follows: 

 
Agricultural 

Potential effects to agricultural beneficial uses and users from lowered groundwater levels 
include financial impacts to lower pumps, repair/replace wells, and increased pumping costs.  
Analysis of well depths that could be affected by lowering groundwater levels to the minimum 
thresholds has been completed (see Attachment 4).   

 Domestic 

Some domestic uses and users of groundwater may be impacted by continued lowering of 
groundwater levels during the transition period from January 2020 to December 2040.  Analysis of 
well depths that could be affected by lowering groundwater levels to the minimum thresholds has 
been completed (see Attachment 4).  Lowering groundwater levels below the total depth of shallow 
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domestic wells could lead to added costs to haul in water supplies, tie into other available supplies, 
consolidation with existing water service providers, or requiring other form of mitigation 

Industrial 
Potential effects to industrial beneficial uses and users from lowered groundwater levels 

include financial impacts to lower pumps, repair/replace wells, and increased pumping costs.  Analysis 
of well depths that could be affected by lowering groundwater levels to the minimum thresholds has 
been completed (see Attachment 4). 

 
Municipal 

Potential effects of lowered groundwater levels on municipal beneficial uses and users of 
groundwater include financial impacts to lower pumps, repair/replace wells, and increased pumping 
costs.  Analysis of well depths that could be affected by lowering groundwater levels to the minimum 
thresholds has been completed (see Attachment 4).  All of the potentially impacted wells are in the 
City of Porterville.  The City of Porterville has indicated that these potential effects can be mitigated 
through management actions by distributing pumping in such a way as to avoid the impacts. 

 
To address potential effects on agricultural, domestic and industrial beneficial uses and 

ensure access to water until the Subbasin reaches a sustainable groundwater level condition, each 
GSA will adopt a Mitigation Program or Programs consistent with the Framework attached hereto as 
Attachment 7.   
 

4.3.2 Reduction of Groundwater Storage  
 

4.3.2.1 Causes of Groundwater Conditions That Could Lead to Undesirable 
Results (§354.26(b)(1)) 

 
The primary cause of groundwater conditions that have led to the reduction in groundwater in 

storage observed in the Subbasin since 1987 is groundwater production in excess of natural and 
artificial recharge over a multi-year period that includes both wetter than average and drier than 
average conditions. This condition, if allowed to continue indefinitely into the future, will not allow 
for the support of the beneficial uses and users of the Subbasin and is considered an undesirable 
result.  

 
4.3.2.2 Criteria to Define Undesirable Results (§354.26(b)(2))  

 
The GSA’s have determined that continued chronic depletion of groundwater in storage 

below that which is needed to accommodate continued pumping during the transitional period of 
temporary overdraft is an undesirable result, as that condition is considered unsustainable.  Further, 
lack of access to water supplies for all beneficial uses and users due to depletion of groundwater in 
storage is considered significant and unreasonable and, therefore, an undesirable result.   

 
These significant and unreasonable conditions in the subbasin were informed through: 

• Development of a detailed hydrogeologic conceptual model of the subbasin (see  
Attachment 1) 

• Development of a calibrated numerical groundwater flow model of the subbasin (see 
Attachment 3) 

• Analysis of potential future groundwater levels using the model and incorporating 
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each GSA’s planned projects and management actions, and 
• Comparison of model-forecasted groundwater levels with the best available 

information on well depths in the subbasin (see Attachment 4). 
 
The groundwater level conditions established to protect access to groundwater for the 

majority of beneficial users form the basis for the conditions used to define an unreasonable 
depletion of groundwater in storage.  Thus, the maximum theoretical amount of groundwater that can 
be removed from storage in the transition period from 2020 to 2040, including implementation of the 
proposed projects and management actions, is the volume of groundwater that would be removed if 
Upper Aquifer groundwater levels were lowered to the minimum thresholds across the Subbasin.  For 
those uses such as shallow domestic well owners where depletion of groundwater in storage causes 
impacts, each GSA will adopt a Mitigation Program or Programs consistent with the Framework 
attached hereto as Attachment 7. 

 
Each GSA has followed a public process through stakeholder workshops, Technical Advisory 

Committee meetings, and meetings of individual GSA Board of Directors to communicate potential 
undesirable results and receive feedback from the various beneficial uses and users of groundwater 
within its jurisdictional area. 

 
4.3.2.3 Potential Effects on Beneficial Uses and Users (§354.26(b)(3)) 

 
Using the above-described criteria, the GSAs evaluated potential undesirable results to 

agricultural, domestic, industrial, and municipal beneficial uses. Overall, based on forecasting of 
future groundwater levels using a calibrated numerical groundwater flow model of the Tule Subbasin 
and the best available data, the projects and management actions to be implemented by each GSA are 
predicted to decelerate and arrest chronic depletion of groundwater in storage by 2040.  Potential 
impacts to wells associated with groundwater storage declines in the transition period between 2020 
and 2040 were evaluated through an analysis of well depths in the Tule Subbasin (see Attachment 4).  
Potential effects of lowered groundwater storage on the various beneficial uses of groundwater in the 
Tule Subbasin, in the context of the groundwater modeling and analysis of well depths, are as 
follows: 

 
Agricultural 

Potential effects to agricultural beneficial uses and users from lowered groundwater levels 
include financial impacts to lower pumps, repair/replace wells, and increased pumping costs.  
Analysis of well depths that could be affected by lowering groundwater levels to the minimum 
thresholds has been completed (see Attachment 4).  In extreme circumstances, agricultural well 
owners may be forced to share use of wells or facilities with other lands or landowners.   

 Domestic 

Some domestic uses and users of groundwater may be impacted by continued lowering of 
groundwater levels during the transition period from January 2020 to December 2040.  Analysis of 
well depths that could be affected by lowering groundwater levels to the minimum thresholds has 
been completed (see Attachment 4).  Lowering groundwater levels below the total depth of shallow 
domestic wells could lead to added costs to haul in water supplies, tie into other available supplies, 
consolidation with existing water service providers, or requiring other form of mitigation 
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Industrial 

Potential effects to industrial beneficial uses and users from lowered groundwater levels 
include financial impacts to lower pumps, repair/replace wells, and increased pumping costs.  Analysis 
of well depths that could be affected by lowering groundwater levels to the minimum thresholds has 
been completed (see Attachment 4). 

 
Municipal 

Potential effects of lowered groundwater levels on municipal beneficial uses and users of 
groundwater include financial impacts to lower pumps, repair/replace wells, and increased pumping 
costs.  Analysis of well depths that could be affected by lowering groundwater levels to the minimum 
thresholds has been completed (see Attachment 4).  All of the potentially impacted wells are in the 
City of Porterville.  The City of Porterville has indicated that these potential effects can be mitigated 
through management actions by distributing pumping in such a way as to avoid the impacts. 

 
To address potential effects on agricultural, domestic and industrial beneficial uses and 

ensure access to water until the Subbasin reaches a sustainable groundwater level condition, each 
GSA will adopt a Mitigation Program or Programs consistent with the Framework attached hereto as 
Attachment 7.. 

 

4.3.3 Degraded Water Quality  
 

4.3.3.1 Causes of Groundwater Conditions That Could Lead to Undesirable 
Results (§354.26(b)(1)) 

 
 Pursuant to 23 Cal. Code Regs. §354.26(b)(1), degraded water quality can occur for a variety 

of reasons, some reasons that are not a result of GSP implementation. An undesirable result would be 
the significant and unreasonable degradation of groundwater quality due to groundwater pumping 
and recharge projects such that the quality of groundwater is no longer generally suitable for 
agricultural and/or domestic use. For the purposes of SGMA, degraded water quality causation will 
include those changes to groundwater quality resulting from the implementation of a GSP.  These 
significant and unreasonable conditions in the subbasin were informed through the evaluation 
outlined in Attachment 5. 

 
Projects and management actions will be implemented by each GSA in order to decelerate and 

arrest the degradation of groundwater quality caused by irrigation and septic return flows or lowering 
of groundwater elevations within the Tule Subbasin by 2040.  

4.3.3.2 to Define Undesirable Results (§354.26(b)(2))  
 
Pursuant to 23 Cal. Code Regs. §354.26(b)(2), the criteria for an undesirable result for the 

degradation of groundwater quality is defined as the exceedance of a minimum threshold at a 
groundwater quality RMS in any given GSA resulting from the implementation of a GSP.  This 
condition would indicate that more aggressive management actions were needed to mitigate the 
overdraft.  

Measurement Methodology: Utilize Data collected by others (Public Water Systems, 
Irrigated Lands Regulatory Program, other Regulated Dischargers) at the RMS well sites identified in 
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Attachment 1. Groundwater degradation will be evaluated relative to established Maximum 
Contaminate Levels (MCL) or the agricultural constituents of concern (COC) by applicable regulatory 
agencies. The metrics for degraded water quality shall be measured for compliance—MCL or the 
agricultural water quality objective (WQO)—depending on the dominant beneficial use or user of 
groundwater determined at each RMS well (see Attachment 1). These metrics will address the 
following constituents where applicable to the beneficial use or user:    

• Arsenic 
• Nitrate 
• Hexavalent Chromium 
• Dibromochloropropane (DBCP) 
• 1,2,3-Trichloropropane (TCP) 
• Tetrachloroethylene (PCE) 
• Sodium 
• Chloride 
• Perchlorate 
• Total Dissolved Solids (TDS) 

 

4.3.3.3 Potential Effects on Beneficial Uses and Users (§354.26(b)(3)) 
 
 Pursuant to 23 Cal. Code Regs. §354.26(b)(3), the following beneficial uses and users of 

groundwater may be impacted by the Minimum Thresholds: 
 

• Municipal, Small Community, Underserved Communities, and Domestic Well Sites 
• Agricultural Supply 

 
Generally, the avoidance of an undesirable result for degraded groundwater quality is to 

protect the those using the groundwater, which varies depending on the beneficial use of the 
groundwater. Degraded groundwater quality may impact crop growth or impact drinking water 
systems, both of which would cause additional expense of treatment to obtain suitable water. To 
address impacts to beneficial uses and users as a result of minimum threshold exceedances for degraded 
water quality at RMS wells, each GSA will adopt a Mitigation Program or Programs consistent with 
the Framework attached hereto as Attachment 7. 
 

4.3.4 Land Subsidence  
 

4.3.4.1 Causes of Groundwater Conditions That Could Lead to Undesirable 
Results (§354.26(b)(1)) 

 
  Land subsidence in the Tule Subbasin is caused by prolonged pumping induced groundwater 

level declines in portions of the Subbasin with substantial thicknesses of fine-grained deposits beneath 
the water table.  The chronic lowering of groundwater levels throughout the Subbasin since 1987 has 
contributed to historical land subsidence that has caused reduced flow capacity in the Friant-Kern 
Canal (FKC).  Continued lowering of groundwater levels during the transition period from 2020 to 
2040 has the potential to result in additional land subsidence in various parts of the Subbasin resulting 
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in impacts to gravity-driven conveyance facilities, changes in flood control conditions, and damage to 
roads and other surface infrastructure.  

4.3.4.2 Criteria to Define Undesirable Results (§354.26(b)(2))  
 
Land subsidence that occurs during the transition period from 2020 to 2040 will be 

considered significant and unreasonable if damage and/or loss of functionality of a structure or a 
facility occurs to the extent that the structure or facility cannot reasonably operate without either 
repair or replacement, as determined by the GSA where the structure and facility are located or where 
beneficial use is impacted due to the damage and/or loss of functionality of the structure or facility.  
Any land subsidence occurring after 2040 that is not attributable to recoverable compaction is 
considered an undesirable result.  It is acknowledged that residual land subsidence resulting from 
historical groundwater conditions may occur after 2040.  Additional studies and data are needed to 
assess the rate and extent of residual land subsidence that could occur after 2040 and the potential for 
this subsidence to cause undesirable results.  

 
The criteria to define undesirable results for land subsidence was developed based on: 
 

• Development of a detailed hydrogeologic conceptual model of the subbasin that 
included an assessment of the conditions causing land subsidence along the FKC (see 
Attachment 1) 

• Development of a calibrated numerical groundwater flow model of the subbasin that 
included a land subsidence package for estimating potential future land subsidence 
(see Attachment 3) 

• Analysis of potential future land subsidence using the model and incorporating each 
GSA’s planned projects and management actions (Attachment 3), 

• Comparison of the forecasted rate and extent of land subsidence through the 
transition period from 2020 to 2040 with surface land uses and critical infrastructure 
throughout the Subbasin (see Attachment 6), and 

• Coordination with Friant Water Authority staff and consultants. 
 

Each GSA has followed a public process through stakeholder workshops, Technical Advisory 
Committee meetings, and meetings of individual GSA Board of Directors to communicate potential 
undesirable results and receive feedback from the various beneficial uses and users of groundwater 
within its jurisdictional area. 
 

Groundwater flow model analysis forecast as much as three feet of additional land 
subsidence at some locations of the FKC during the transition period from 2020 to 2040 (see 
Attachment 6).  Through coordination with the Friant Water Authority staff and consultants, this 
value became the basis for engineering design modifications to restore canal flow capacity to its 
original condition.  Land subsidence along the canal exceeding three feet was determined to be an 
undesirable result because it would be beyond what the engineering design could accommodate to 
restore the flow capacity to its original condition and what the parties to the FWA/ETGSA/Pixley 
GSA settlement agreement agreed to mitigate. 

 
In other areas of the Tule Subbasin, apart from the FKC, the rate and extent of land 

subsidence forecast by the groundwater flow model for the 2020 to 2040 transition period was the 
basis for establishing undesirable results (see Attachment 6).  In most areas of the Tule Subbasin, the 
GSAs determined that the forecasted land subsidence during the transition period, which was of a 
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similar magnitude to what had been historically measured, was not anticipated to result in 
undesirable results to land uses or critical infrastructure because no undesirable results had 
previously been reported as a result of historical land subsidence in those areas.  Nonetheless, for 
unforeseen impacts due to land subsidence during this period, each GSA will adopt a Mitigation 
Program or Programs consistent with the Framework attached hereto as Attachment 7. 

 
Aside from mitigation provisions for impacted land uses, the quantitative definition of 

undesirable results for land subsidence is ongoing land subsidence below the minimum threshold at 
any given RMS Site that cannot be attributable to recoverable land subsidence, as described in 
Attachment 6.   

 
Additional land subsidence beyond that forecast for the transition period was considered an 

undesirable result as long as it was not attributable to recoverable land subsidence from seasonal 
changes in groundwater levels.   

 
4.3.4.3 Potential Effects on Beneficial Uses and Users (§354.26(b)(3)) 

 
 In the Tule Subbasin, the most common structures impacted by land subsidence from 

groundwater withdrawal are surface water conveyance canals where the elevation of a segment of the 
canal drops faster than other segments, resulting in sags that restrict the ability to deliver water 
downstream of the impacted area. As an example, land subsidence in the vicinity of the FKC is being 
monitored and managed under Eastern Tule Groundwater Sustainability Agency’s Land Subsidence 
Monitoring and Management Plans. 

Potentially impacted land uses in the Tule Subbasin have been divided into high priority 
land uses and low priority land uses. 

High priority land uses are those that are potentially impacted by regional land subsidence 
regardless of if there is differential land subsidence. These high priority land uses include: 

• Gravity-Driven Water Conveyance 
o Canals 
o Turnouts 
o Stream Channels 
o Water Delivery Pipelines 
o Basins 

• Wells 
• Flood Control Infrastructure 

 
Low priority land uses are not typically impacted by regional land subsidence but are 

susceptible to differential land subsidence if it occurs. Based on the available information, these land 
uses have not been impacted by the regional land subsidence that has historically occurred in the 
Tule Subbasin. Similarly, the additional land subsidence that is projected to occur in the transition 
period from 2020 to 2040, and upon which the Minimum Thresholds were established, is not 
anticipated to result in significant and unreasonable impacts to these land uses as greater subsidence 
has occurred in these areas historically than projected during the period between 2020 and 2040 (see 
Attachment 6). The low priority land uses include: 
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• Highways and Bridges 
• Railroads 
• Other Pipelines 
• Wastewater Collection 
• Utilities 
• Buildings 

 

Damage to infrastructure and other land uses in the Tule Subbasin from land subsidence 
could result in financial impacts to beneficial users of groundwater associated with fixing the 
damaged infrastructure and providing alternative means to meet the services provided by such 
infrastructure until they are fixed. 

To address potential impacts due to land subsidence, each GSA will adopt a Mitigation 
Program or Programs consistent with the Framework attached hereto as Attachment 7.  The ETGSA 
and Pixley GSA have entered into a settlement agreement with the FWA to mitigate the cost to repair 
sections of the FKC within ETGSA associated with land subsidence that occurs during the transition 
period from 2020 to 2040. 

Projects and management actions will be implemented by each GSA to reduce land 
subsidence rates within the Tule Subbasin during the transition period from 2020 to 2040, and 
minimize land subsidence after 2040.  This will include measures necessary to minimize land 
subsidence significantly and unreasonably affecting the functionality or a structure or facility, such as 
the FKC.  

4.3.5 Depletion of Interconnected Surface Waters (Regs. §354.26 (d) & §354.28 
(e))  

 
No interconnected surface waters have been identified in any Tule Subbasin GSAs as 

described more thoroughly in relevant portions of the Basin Setting. Thus, no criteria need be 
established.  

4.3.6 Seawater Intrusion (Regs. §354.26 (d) & §354.28 (e))  
 
Seawater intrusion is defined as “the advancement of seawater into a groundwater supply that 

results in degradation of water quality in the basin and includes seawater from any source.” (23 Cal. 
Code Regs. §351(af).) As described more thoroughly in the basin setting, there is no potential for the 
advancement of seawater into any portion of the Tule Subbasin. Thus, no criteria need be established.  

4.4 Minimum Thresholds (Reg. § 354.28)  
 
A Minimum Threshold is “…the quantitative value that represents the groundwater conditions 

at a representative monitoring site that, when exceeded individually or in combination with Minimum 
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Thresholds at other monitoring sites, may cause an undesirable result(s) in the basin…”5  In 
consideration of input received through public stakeholders workshops, public Technical Advisory 
Committee meetings, and individual GSA Board meetings and Stakeholder meetings, each GSA in the 
Tule Subbasin has established Minimum Thresholds at their representative monitoring sites in 
consideration of the groundwater beneficial uses and users in their GSA.  Minimum Thresholds for 
groundwater levels and land subsidence were informed, in part, from analysis of forecasted future 
groundwater levels and land subsidence using the calibrated numerical groundwater flow model of the 
Tule Subbasin (see Attachment 3). The MTs were then adjusted based on the beneficial uses and users 
across each of the GSAs. 

 
4.4.1 Groundwater Level Minimum Thresholds  

 
4.4.1.1 Criteria Used to Establish Minimum Thresholds (§354.28(b)(1))  

 
Based on the best available data collected to date and groundwater model analysis (see 

Section 4.3.1.2), each GSA established groundwater level minimum thresholds designed to 
reasonably protect access to groundwater for the majority of beneficial users. For those uses such as 
shallow domestic well owners where impacts to groundwater access may occur, each GSA will adopt 
a Mitigation Program or Programs consistent with the Framework attached hereto as Attachment 7. 

 
4.4.1.2 Relationship to Other Sustainability Indicators (§354.28(b)(2))  

 
Lowering of groundwater levels is directly related to the sustainability indicators for changes 

in groundwater in storage and land subsidence. By maintaining groundwater levels above the Minimum 
Thresholds, undesirable results associated with reduction of groundwater in storage and land 
subsidence should be minimized. 

 
4.4.1.3 Relationship to Adjacent Basins (§354.28(b)(3)) 

 
The Minimum Thresholds described in each GSA’s GSP have been informed through an 

analysis of potential future groundwater levels in the Subbasin using a numerical groundwater flow 
model that incorporates future planned projects and management actions of each of the GSAs. 
Implementation of the projects and management actions are predicted to stabilize groundwater levels 
at the Tule Subbasin boundaries and areas immediately adjacent to the Subbasin, as long as the 
neighboring basins are successful in implementing their respective projects and management actions.   

 
4.4.1.4 Potential Effects (§354.28(b)(4)) 

 
Maintaining groundwater levels above the Minimum Thresholds for the chronic lowering of 

groundwater levels is not anticipated to produce undesirable results for the majority of beneficial uses 
and users of groundwater. Potential effects on beneficial uses from groundwater level declines are 
described in Section 4.3.1.3.  For those uses such as shallow domestic well owners where impacts to 
groundwater access may occur, each GSA will adopt a Mitigation Program or Programs consistent 

 
 
5 DWR, 2017.  Best Management Practices for the Sustainable Management of Groundwater – Sustainable 

Management Criteria.  Draft document dated November 2017. 
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with the Framework attached hereto as Attachment 7. 
 

4.4.1.5 Relationship with Federal, State, and Local Standards (§354.28(b)(5)) 
 

There are no Federal, State or local standards specific to addressing the chronic lowering of 
groundwater levels in the Tule Subbasin.  

 
4.4.1.6 Measurement of Groundwater Levels Relative to Minimum Thresholds 

(§354.28(b)(6)) 
 

Groundwater levels will be measured at the representative monitoring sites and according to 
the monitoring schedule described in Attachment 1.  The status of groundwater levels relative to the 
Minimum Thresholds will be reported in Annual Reports and Five-Year Reports. 

4.4.2 Reduction of Groundwater in Storage Minimum Thresholds  
 

4.4.2.1 Criteria Used to Establish Minimum Thresholds (§354.28(b)(1))  
 

The Minimum Threshold for reduction of groundwater in storage is a single value for the entire 
Tule Subbasin based on the Upper Aquifer Minimum Threshold for groundwater levels. It represents 
the volume of groundwater that would hypothetically be removed if groundwater levels were lowered 
to the minimum thresholds across the Subbasin. As lowering the groundwater levels below the 
Minimum Thresholds is considered indicative of an unsustainable condition and, therefore, an 
undesirable result, the associated reduction in groundwater in storage is also considered an undesirable 
result. 
 

4.4.2.2 Relationship to Other Sustainability Indicators (§354.28(b)(2))  
 
Reduction of groundwater in storage is directly related to the sustainability indicators for 

groundwater levels and land subsidence. By maintaining groundwater storage above the Minimum 
Threshold, undesirable results associated with lowered groundwater levels and land subsidence should 
be minimized if not eliminated. 

 
4.4.2.3 Relationship to Adjacent Basins (§354.28(b)(3)) 

 
The Minimum Thresholds described in each GSA’s GSP have been informed through an 

analysis of potential future groundwater levels in the Subbasin using a numerical groundwater flow 
model that incorporates future planned projects and management actions of each of the GSAs. 
Implementation of the projects and management actions are predicted to stabilize groundwater levels 
at the Tule Subbasin boundaries and areas immediately adjacent to the Subbasin, which will stabilize 
groundwater storage levels, as long as the neighboring basins are successful in implementing their 
respective projects and management actions.   

 
4.4.2.4 Potential Effects (§354.28(b)(4)) 

 
Stabilizing groundwater storage levels above the Minimum Threshold is not anticipated to 

produce undesirable results for the majority of beneficial uses and users of groundwater. Potential 
effects on beneficial uses from depletion of groundwater in storage is described in Section 4.3.2.3.  For 
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those uses such as shallow domestic well owners where impacts to groundwater access may occur, 
each GSA will adopt a Mitigation Program or Programs consistent with the Framework attached hereto 
as Attachment 7.   

 
4.4.2.5 Relationship with Federal, State, and Local Standards (§354.28(b)(5)) 

 
There are no Federal, State or local standards specific to addressing the reduction of 

groundwater in storage in the Tule Subbasin.  
 

4.4.2.6 Measurement of Groundwater Levels Relative to Minimum Thresholds 
(§354.28(b)(6)) 

 
Changes in the volume of groundwater in storage will be assessed on an annual basis using the 

groundwater levels measured at the representative monitoring sites in accordance with the monitoring 
schedule described in Attachment 1. 

4.4.3 Groundwater Quality Minimum Thresholds  
 

4.4.3.1 Criteria Used to Establish Minimum Thresholds (§354.28(b)(1))  
 
The criteria to establish the minimum thresholds for groundwater quality will be the established 

Maximum Contaminate Levels (MCL) or the water quality objective (WQO) depending on the 
dominant beneficial use of groundwater determined at each RMS well (see Attachment 1). These 
metrics will address the following constituents of concern as applicable to the beneficial use or user:    

Constituent Units 
Minimum Threshold 

Drinking Water Limits 
(MCL/SMCL) Agricultural WQOs 

Arsenic ppb 10 N/A 

Nitrate as N ppm 10 N/A 

Hexavalent Chromium ppb 10 N/A 

Dibromochloropropane (DBCP) ppb 0.2 N/A 

1,2,3-Trichloropropane (TCP) ppt 5 N/A 

Tetrachloroethene (PCE) ppb 5 N/A 

Chloride ppm 500 106 

Sodium ppm N/A 69 

Total Dissovled Solids ppm 1,000 450 

Perchlorate ppb 6 N/A 

 
The methodology used to distinguish between the applicability of either MCLs or Ag WQO for 
setting minimum thresholds at RMS wells is summarized below (detailed in Attachment 5): 
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• At each RMS well, determine the dominant beneficial use for that monitoring well based on 
the classification of wells within one mile of the RMS well. 

o If the majority of the beneficial use (greater than 50% the wells within a determined 
area) is agricultural and there are no public water systems (including schools) the 
minimum threshold would be a host of agricultural water quality constituents. 

o If an RMS well is located within an urban area, within one mile of a public water 
system, which includes schools, or the dominant beneficial use (greater than 50% of 
the wells within the determined area) is drinking water, then the minimum threshold 
would be set at the MCL for drinking water.  

o In cases where both of the above criteria are found to be true, the minimum 
thresholds would be established for both drinking water MCLs and Ag WQO’s and 
minimum thresholds would be set at the most stringent of the two when considering 
common constituents. 

o If drinking water MCLs or Ag WQOs were historically exceeded at an RMS well or 
found not be a result of implementation of a GSP, the GSA will coordinate with the 
responsible regulatory agency to prevent GSA SGMA activities from further 
degrading groundwater quality.   

 

4.4.3.2 Relationship to Other Sustainability Indicators (§354.28(b)(2))  
 
Groundwater quality is directly related to the sustainability indicator for change in groundwater 

storage and lowering of groundwater levels.   

 
4.4.3.3 Relationship to Adjacent Basins (§354.28(b)(3)) 

 
The Minimum Thresholds for groundwater quality are based upon MCL and WQO established 

by the State for the beneficial uses and user within the Central Valley of California.  Implementation 
of the projects and management actions within the GSA that may impact degraded groundwater quality 
will be consistent with the requirements established by the State and therefore would not adversely 
impact adjacent basins. 

 
4.4.3.4 Potential Effects (§354.28(b)(4)) 

 
The Minimum Thresholds for the degrading of groundwater quality is not anticipated to 

produce undesirable results for agricultural, municipal, and industrial beneficial uses. If beneficial uses 
and users of groundwater have their groundwater quality impacted by GSA actions, each GSA will 
adopt a Mitigation Program or Programs consistent with the Framework attached hereto as Attachment 
7. 
 

4.4.3.5 Relationship with Federal, State, and Local Standards (§354.28(b)(5)) 
 
The minimum thresholds established are based on the Federal, State and Local Standards for 

groundwater quality maximum contaminant level (MCL) for drinking water or Agricultural Water 
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Quality Objective (WQO) based on the beneficial use or user of the groundwater.  Each groundwater 
quality RMS has been designated as representative of drinking water beneficial use, agricultural 
beneficial use, or both using the criteria defined in Section 4.4.3.1. 
 

4.4.3.6 Measurement of Groundwater Quality Relative to Minimum Thresholds 
(§354.28(b)(6)) 

 
Groundwater quality will be measured at the representative monitoring sites and according to the 
monitoring schedule described in Attachment 1.  The status of groundwater quality relative to the 
Minimum Thresholds will be reported in Annual Reports and Five-Year Reports. 
 

4.4.4 Land Subsidence Minimum Thresholds  
 

4.4.4.1 Criteria Used to Establish Minimum Thresholds (§354.28(b)(1))  
 

Minimum Thresholds for land subsidence were established throughout the Tule Subbasin based 
on the best available data collected to date and groundwater model analysis, as described in Section 
4.3.4.2.   

 
Groundwater flow model analysis forecast as much as three feet of additional land 

subsidence at some locations of the FKC during the transition period from 2020 to 2040 (see 
Attachment 3; Figure 44).  Through coordination with the Friant Water Authority staff and 
consultants, this value became the basis for engineering design modifications to restore canal flow 
capacity to its original condition.  Land subsidence along the canal exceeding three feet was 
determined to be an undesirable result because it would be beyond what the engineering design could 
accommodate to restore the flow capacity to its original condition and what the parties to the 
FWA/ETGSA/Pixley GSA settlement agreement agreed to mitigate.  Accordingly, the minimum 
threshold for land subsidence along the FKC was established at three feet of additional land 
subsidence after January 2020. 

 
In other areas of the Tule Subbasin, apart from the FKC, the rate and extent of land 

subsidence forecast by the groundwater flow model for the 2020 to 2040 transition period was the 
basis for establishing minimum thresholds (see Attachment 6).  In most areas of the Tule Subbasin, 
the GSAs determined that the forecasted land subsidence during the transition period, which was of a 
similar magnitude to what had been historically measured, was not anticipated to result in 
undesirable results to land uses or critical infrastructure because no undesirable results had 
previously been reported as a result of historical land subsidence in those areas.  Thus, the maximum 
amount of land subsidence forecast during the transition period from 2020 to 2040 using the 
calibrated groundwater flow model is the basis for the land subsidence minimum thresholds 
throughout the Subbasin. 

 
4.4.4.2 Relationship to Other Sustainability Indicators (§354.28(b)(2))  

 
Land subsidence is directly related to the sustainability indicators for lowered groundwater 

levels and reductions in groundwater in storage. By maintaining groundwater levels above the 
Minimum Thresholds, undesirable results associated with land subsidence should be minimized. 
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4.4.4.3 Relationship to Adjacent Basins (§354.28(b)(3)) 
 
The Minimum Thresholds described in each GSA’s GSP have been informed through an 

analysis of potential future land subsidence in the Subbasin using a numerical groundwater flow model 
that incorporates future planned projects and management actions of each of the GSAs. Implementation 
of the projects and management actions, including the mitigation program by participating GSAs, are 
predicted to stabilize groundwater levels at the Tule Subbasin boundaries and areas immediately 
adjacent to the Subbasin, as long as the neighboring basins are successful in implementing their 
respective projects and management actions.  Stabilizing groundwater levels will have the effect of 
minimizing land subsidence. 

 
4.4.4.4 Potential Effects (§354.28(b)(4)) 

 
Regional land subsidence could result in impacts to gravity-driven water conveyance and other 

infrastructure. Land uses vulnerable to regional land subsidence are considered high priority and 
include: 
 

• Gravity-Driven Water Conveyance 
o Canals 
o Turnouts 
o Stream Channels 
o Water Delivery Pipelines 
o Basins 

• Wells 
• Flood Control 

 
The Tule Subbasin GSAs have developed a mitigation framework for each GSA to utilize to 

address claims of impact that can be attributed to land subsidence (see Attachment 7).  The ETGSA 
and Pixley GSA have entered into a settlement agreement with the FWA to mitigate the cost to repair 
sections of the FKC within ETGSA associated with land subsidence that occurs during the transition 
period from 2020 to 2040 (see ETGSA and Pixley GSA GSPs). 

 
Differential land subsidence and associated damage to infrastructure has not been reported in 

the Tule Subbasin and is not anticipated to result in adverse impacts to infrastructure or land uses. 
These land uses are considered low priority, as it relates to land subsidence impacts, and include: 

 
• Highways and Bridges 
• Railroads 
• Other Pipelines 
• Wastewater Collection 
• Utilities 
• Buildings 

 
Claims of impact related to land subsidence for these categories are more likely to come from 

public utilities, municipalities, or state agencies whereas each GSA will adopt a Mitigation Program 
or Programs consistent with the Framework attached hereto as Attachment 7. 
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4.4.4.5 Relationship with Federal, State, and Local Standards (§354.28(b)(5)) 
 

There are no Federal, State or local standards specific to addressing land subsidence in the Tule 
Subbasin.  

 
4.4.4.6 Measurement of Land Subsidence Relative to Minimum Thresholds 

(§354.28(b)(6)) 
 

Land elevations will be measured at the representative monitoring sites and according to the 
monitoring schedule described in Attachment 1.  Additional monitoring, above and beyond that 
specified in Attachment 1, will be implemented for the ETGSA Land Subsidence Management Area 
along the FKC. The status of land subsidence relative to the Minimum Thresholds will be reported in 
Annual Reports and Five-Year Reports. 

 
4.5 Measurable Objectives (Reg. § 354.30)  
 
Measurable Objectives, including interim milestones in increments of five years, will be 

quantified at each RMS for each applicable sustainability indicator, defined as the numeric value in 
2040, to achieve the sustainability goal in 20-year of plan implementation. Each measurable objective 
and interim milestones will be defined and described separately by each GSA in the GSP.  

[The remainder of this page is intentionally left blank]  
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V. MONITORING PROTOCOLS, NETWORKS, AND IDENTIFICATION OF 
DATA GAPS (§§352.2, 354.32.)  

 
5.1 Monitoring Network and Representative Monitoring (§§354.34-354.36)  
 
The minimum monitoring network to be used to collect data in the Tule Subbasin is described 

in the Tule Subbasin Monitoring Plan (see Attachment 1). The types of data to be collected as part of 
the plan include:  

 Surface water flow  Surface water quality  Groundwater levels  Groundwater 
quality  Land surface elevation from Global Positioning System (GPS) stations  Land 
surface elevation changes from satellite data  Land subsidence data from extensometers  

The monitoring plan ensures that the data collected within the Subbasin is of sufficient quality, 
frequency and distribution to provide meaningful results for evaluating changing conditions within the 
Subbasin and informing the decision-making process.  

The minimum monitoring network identified in the Tule Subbasin Monitoring Plan is both 
flexible and iterative, allowing for the addition or subtraction of monitoring features, as necessary, and 
to accommodate changes in monitoring frequency and alternative methodologies, as appropriate. Any 
changes to the minimum monitoring network or monitoring protocols identified in Attachment 1 shall 
be approved by the Tule Subbasin TAC.  

Individual GSAs may include additional monitoring features, not specifically identified in the 
Tule Subbasin Monitoring Plan, for collecting data to include in their respective GSPs and Annual 
Reports. Any monitoring features utilized for the collection of data to be included in GSPs and Annual 
Reports that are not identified in the Tule Subbasin Monitoring Plan must meet the minimum design 
and construction requirements specified in Section 3 of this Coordination Agreement and the Tule 
Subbasin Monitoring Plan. Any monitoring features not in the Tule Subbasin Monitoring Plan that are 
to be used by a GSA to collect data for incorporation into GSPs or Annual Reports will be shared with 
the Tule Subbasin TAC.  

5.1.1 Procedures for Collecting the Data  
 
The Tule Subbasin Monitoring Plan (Attachment 1) includes detailed procedures for the 

collection of surface water flow data, groundwater elevation data, and land surface elevation data. 
Groundwater quality data will be coordinated with and through the Irrigated Lands Regulatory 
Program and the existing coalitions. The data collection procedures will ensure that the data collected 
have the level of accuracy and precision necessary for evaluating conditions relative to minimum 
thresholds, estimating change in groundwater storage as required for Annual Reports, and measuring 
progress toward achieving sustainability. The data collection processes and procedures shall apply to 
monitoring features specifically identified in the Tule Subbasin Monitoring Plan as well as any 
additional monitoring features utilized for the collection of data by individual GSAs.  

5.1.2 Entities Responsible for Data Collection  
 
All data collection work, as specified in the Tule Subbasin Monitoring Plan (Attachment 1) 
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will be performed by each GSA through individuals working under the direct supervision of a 
California Registered Professional Civil Engineer, Professional Geologist, or Certified Hydrogeologist 
and who meet the minimum qualifications and training requirements required by the Tule Subbasin 
TAC’s technical consultant. The collection of groundwater quality data will be coordinated with and 
through the Irrigated Lands Regulatory Program and the existing coalitions. All data will be collected 
in accordance with the protocols specified in Attachment 1.  

Nothing in this Agreement prevents multiple GSAs from using the same consultant. It is 
understood by and among the Parties that there will be individual GSA-specific data that can be 
collected either through the Tule Subbasin TAC’s technical consultant or through the consultant/staff 
hired by that GSA. The goal is that the data collection be done following the same processes and 
procedures throughout the Tule Subbasin. If a GSA prefers to use the technical consultant hired by the 
Tule Subbasin TAC for the purposes of collecting information beyond what is required for Tule 
Subbasin Monitoring Plan, then that GSA shall pay for the consultant’s fees and costs separately and 
above what the Tule Subbasin GSAs agree to cost share. In the event that a GSA hires its own 
consultant for site or GSA-specific data collection, such data shall be shared through the data sharing 
provisions of this Agreement.  

All data collected by the GSAs shall be submitted to the Tule Subbasin TAC’s technical 
consultant in accordance with the schedule described in Section 4.1.3 for QA/QC and entry into the 
Tule Subbasin Water Management Database (see Section 4.3).  

5.1.3 How and When Data are Distributed to the GSAs  
 
The complete Tule Subbasin Water Management Database will be available to authorized 

representatives as set forth by the GSAs of the Tule Subbasin GSAs at any time upon request.   

The schedule to distribute data to the individual GSAs for preparation of Annual Reports has 
been prepared to enable the Tule Subbasin TAC to submit the compiled Annual Reports by the SGMA 
reporting deadline of April 1 following a water year. As per Groundwater Sustainability Plan 
Regulations Section 356.2, Annual Reports will include data and analyses for the preceding water year 
(October 1 through September 30). The distribution of data to the GSAs for the preparation of Annual 
Reports will be in accordance with the following schedule:  

 The Tule Subbasin TAC’s technical consultant will update the database between  
October 1 and January 30 following a subject water year.   

 Individual GSAs will be required to submit groundwater extractions (i.e. pumpage)  
to the technical consultant by January 1 following a subject water year.   

 Following Quality Assurance/Quality Control checks by the technical consultant,  
the previous water year’s data will be submitted to each GSA by February 1 so the  



TULE SUBBASIN COORDINATION AGREEMENT – REVISED FINAL 
 

2489125v9 / 19088.0001  - 67 - 
 

GSAs can prepare their respective Annual Reports. The data will be 
formatted for easy incorporation into Annual Reports and distributed 
electronically.  Annual reports will be submitted to the Tule Subbasin 
TAC for compilation by March 1 following the preceding water year.  All 
Annual Reports will be submitted to the California Department of Water 
Resources by April 1 following the preceding water year.  

5.2 Assessment and Improvement of Monitoring Network and Identification of Data 
Gaps (§354.38.)  

 
The Tule Subbasin TAC will periodically evaluate the monitoring network in Attachment 1 

to determine if there are data gaps that could affect the ability of the Subbasin to meet its sustainability 
goals. Current data gaps are identified in Attachment 1. Every five years, the Tule Subbasin TAC will 
provide an evaluation of data gaps in the five-year assessment, including steps to be taken to address 
data gaps before the next five-year assessment.  

5.3 Data Management System (DMS) (§357.4(e))  
 
Efficient data management will be a critical to ensure that each GSA can access the data needed 

to prepare their respective Annual Reports in a timely manner and to ensure that the Tule Subbasin 
TAC can meet deadlines for submittal of the coordinated reports. The Monitoring Plan, Attachment 
1, describes the Tule Subbasin Water Management Database, the procedures for updating and 
maintaining the database, and protocols for database security, file access and reporting. Data to be 
managed will include:  

A. Historical data used as a basis for preliminary estimates of the Water Budget and 
Sustainable Yield of the Tule Subbasin.  

B. Data to be collected in accordance with the Tule Subbasin Monitoring Plan 
(Attachment 1).  

[The remainder of this page is intentionally left blank]  
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VI. IMPLEMENTATION OF GSPS (§357.4(c))  
 
Pursuant to 23 Cal. Code Regs. §357.24(c), the coordination agreement shall explain how the 

GSPs when implemented together satisfy the requirements of SGMA and are in substantial compliance 
with its regulations. SGMA requires the development and implementation of GSPs by GSAs to achieve 
sustainable groundwater management by 2040.   

Throughout this Coordination Agreement, the Tule Subbasin GSAs have agreed upon various 
data and methodologies critical to understanding the hydrogeology of the Subbasin, and addressing 
and understanding what remedies are available to avoid undesirable results.   

The GSAs within the Tule Subbasin will work together to implement their respective GSPs 
within the Tule Subbasin. The Tule Subbasin TAC, the technical advisory committee composed of 
representatives from each GSA, has developed Subbasin-wide data and methodologies for each of the 
following items, and made them available to each GSA to adopt and utilize in the development of its 
respective GSP:  

. o Groundwater elevation data.  

. o Groundwater extraction data.  

. o Surface water supply.  

. o Total water use.  

. o Change in groundwater storage.  

. o Water budget.  

. o Sustainable yield.  
 

The GSAs understand there is local, site-specific data particular to each GSA which each GSA 
may utilize in the development of its respective GSP in addition to the Subbasin-wide data. If an 
individual GSA has identified monitoring features for use in collecting data specific to its jurisdictional 
area and the features are not included in Section 3 or Attachment 1 of this Coordination Agreement, 
then the GSA can incorporate the features and data into its GSP upon confirming that those particular 
monitoring features meet the minimum criteria specified in Section 3 and that the data has been 
collected in accordance with this Coordination Agreement.         

Each GSA shall submit its respective GSP, and any updates thereto, to the Tule Subbasin TAC 
so that the other Tule Subbasin GSAs may review and comment prior to documents being submitted 
to DWR. Each GSA shall comply with 23 Cal. Code Regs. §354.10, regarding comments received on 
the GSP, and such GSP shall be made available on the GSA’s website.   

Each GSA acknowledges and agrees that it is responsible to ensure that its GSP complies with 
the statutory requirements of SGMA. The GSAs further acknowledge the obligation for each GSA to 
coordinate the implementation of their respective GSPs in order to, collectively, achieve the 
Sustainability Goal for the Subbasin, as required by SGMA.  

Additionally, to better implement and refine the projects and management actions adopted in 
their respective GSPs, the GSAs are committed to work together on developing and maintaining a data 
management system and are implementing quality control and quality assurance measures to collect 
reliable GSA-specific and Subbasin-wide data to ensure Subbasin-wide Sustainability Goal is 
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achieved.   

The Tule Subbasin GSAs are committed to implementing their respective projects and 
management actions set forth in their respective GSPs for the purpose of reaching sustainability for the 
Subbasin by 2040. The GSAs are also committed to further refine and update their projects, 
management actions and GSPs in accordance with SGMA as more and better data becomes available.  

[The remainder of this page is intentionally left blank]  
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VII. TULE SUBBASIN ORGANIZATIONAL STRUCTURE  
 
7.1 Tule Subbasin Technical Advisory Committee  
 
The Tule Subbasin TAC was previously formed under a Memorandum of Agreement executed 

by all Tule Subbasin GSAs. The Parties agree to the continued existence of the Tule Subbasin TAC 
pursuant to the terms below. The Tule Subbasin TAC is an advisory committee only and has no 
authority or power to bind any individual GSA to any recommendation or action item taken by its 
members.  

Nothing in this Agreement is intended to affect the statutory powers granted under SGMA, or 
any other applicable law, to the Tule Subbasin GSAs. Each Tule Subbasin GSA shall be solely 
responsible for the adoption and enforcement of any ordinances, bylaws, or other legally enforceable 
actions taken within their respective GSA boundaries to implement SGMA, including, but not limited 
to, the preparation of the GSP applicable within their GSA boundaries. Each GSA agrees that as 
required by this Coordination Agreement, they shall utilize the same data and methodologies contained 
in this Coordination Agreement. The Parties understand there will be basin-wide data, in addition to 
certain local site-specific data collected and/or utilized by each GSA.  

7.1.1 Members and Voting  
 
A Tule Subbasin TAC shall be formed with one (1) representative appointed from each GSA, 

as well as one (1) alternate from each GSA. The Subbasin TAC shall make technical recommendations 
regarding the Coordination Agreement and other Tule Subbasin related SGMA compliance issues to 
each GSA. The Tule Subbasin TAC shall meet as necessary. Each GSA shall be entitled to one (1) 
vote. Recommendations to each GSA shall only be made upon consensus of the Tule Subbasin TAC. 
Should consensus not be reached, the votes shall be reported to each GSA Board for further direction. 
A quorum shall exist when five of the seven GSAs have representatives in attendance. The chairperson 
and secretary will not hold any separate voting rights on the Tule Subbasin TAC.   

7.1.2 Consultants  
 
The Parties agree that the Tule Subbasin TAC should obtain the services of consultants to 

facilitate the collection of data and the submission of information to the Tule Subbasin GSAs. Prior to 
hiring consultants, or approving scopes of work, the TAC shall obtain approval from the Tule Subbasin 
GSAs.   

7.1.3 Legal Services 
 

  The Tule Subbasin TAC shall not retain independent legal services, unless agreed upon by 
all Parties hereto. Each Party shall be responsible for any legal fees incurred by its own counsel in the 
course of performing any legal work related to Subbasin matters.  

 
7.1.4 Chairman and Secretary  

 
A Chairman and Secretary shall be appointed to serve the Tule Subbasin TAC. The 

Chairperson shall be responsible for managing all Tule Subbasin TAC meetings, preparing agenda 
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materials, managing consultants hired by the Tule Subbasin TAC, and coordinating the delivery of 
information between GSAs and Tule Subbasin TAC consultants. The Secretary shall be responsible 
for distributing Tule Subbasin TAC agenda materials to all Tule Subbasin GSAs and to all interested 
parties that request to be notified of Tule Subbasin TAC meetings, as well as ensuring compliance with 
all applicable legal requirements, including, but not limited to, the Ralph M. Brown Act. The Secretary 
shall also be responsible for record keeping of the Tule Subbasin TAC group, maintaining minutes of 
Tule Subbasin TAC meetings, maintaining copies of all executed agreements, maintaining copies of 
documents produced by consultants, and providing such information to individual Tule Subbasin GSAs 
upon request. The appointed Chairperson or Secretary may meet with Tule Subbasin GSAs or GSA 
member agency employees as necessary.   
 

7.1.5 Meetings  
 
All meetings shall be subject to the Ralph M. Brown Act. The Chairman and Secretary shall 

be responsible for ensuring compliance. Interested parties shall be provided an opportunity to comment 
on Coordination Agreement issues. Parties acknowledge the Tule Subbasin TAC duties may include 
public outreach.   

7.1.6 Cost Sharing and Governance  
 
Parties shall share on an equitable basis the costs related to the preparation of the data required 

for the Coordination Agreement to be drafted. Costs shall be allocated between GSAs based on the 
number of acres within a GSA. 

 Each Party to this Agreement shall be responsible for their respective share of costs based on 
their proportionate acreage within the Tule Subbasin. Through a separate agreement, the Tule Subbasin 
GSAs have appointed a fiscal agent and that fiscal agent shall have authority to enter into any contract 
necessary to assist with the preparation of the Coordination Agreement, subject to the direction and 
authorization of the Tule Subbasin TAC. The fiscal agent shall be responsible for invoicing the 
respective GSAs and for providing an accounting of all funds received and spent on behalf of the 
GSAs. The fiscal agent shall attend all Tule Subbasin TAC meetings but has no separate voting rights 
on the Tule Subbasin TAC.   

The Tule Subbasin TAC shall annually prepare a schedule, scope of work, and budget of items 
required for the Coordination Agreement, which shall identify the estimated expenses and the 
estimated portions each respective Tule Subbasin GSA will be expected to be responsible for payment. 
This information shall be submitted to the GSAs for review and approval. The Tule Subbasin TAC 
may request funds under the approved budget from the GSAs as needed to reimburse the GSA’s fiscal 
agent and may also request budget amendments.  

The Parties agree that if grant funds become available for the Coordination Agreement 
components, then the Parties shall utilize grant funds to pay for those costs. The Parties agree to 
coordinate specific grant application requests by separate agreement. The Parties agree that grant 
funds shall be utilized based on the grant application budget and that if any grant funds are available 
for distribution to the GSAs, then the remaining grant funds shall be distributed based on GSA 
acreage within the Tule Subbasin.  
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7.1.7 Procedures for Timely Exchange of Information (§357.4(b)(2))  
 

7.1.7.1 Exchange of Information  
 
Pursuant to 23 Cal. Code Regs. §357.4(b)(2), the GSAs acknowledge and recognize that for 

this Coordination Agreement to be effective in the enhancement of the goals of basin-wide 
groundwater sustainability and compliance with the SGMA and the basin level coordinating and 
reporting regulations, the GSAs will have an affirmative obligation to exchange certain minimally 
necessary information among and between the other GSA Parties. Likewise, the GSA Parties 
acknowledge and recognize that individual GSA Parties, in providing certain information, and in 
particular certain raw data, may contend that limitations apply in the sharing and other dissemination 
of certain types of said information, which may subject the individual GSA Party to certain duties 
regarding non-disclosure and privacy restrictions and protections.   

7.1.7.2 Procedure Governing the Exchange of Information  
 
The GSAs may exchange information through collaboration and/or informal requests made at 

the Tule Subbasin TAC. To the extent it is necessary to make a written request for information to 
another GSA, each GSA shall designate a representative to respond to information requests and 
provide the name and contact information of the designee to the Tule Subbasin TAC. Requests may 
be communicated in writing and transmitted in person or by mail, facsimile machine or other 
electronic means to the appropriate representative as named in this Agreement.   

Nothing in this Agreement shall be construed to prohibit any Party from voluntarily 
exchanging information with any other Party by any other mechanism separate from the Tule 
Subbasin TAC.  

7.1.8 Procedures for Resolving Disputes Dispute Resolution (§§357.4(b)(2), 
357.4(h))  

 
The Parties agree that all disputes under this Coordination Agreement that concern the applicability 
and requirements of SGMA by or between GSAs within the Tule Subbasin, shall be handled under 
the terms of this Agreement. Any GSA may choose to initiate a dispute resolution process by serving 
written notice to the remaining GSAs of the following: (1) identification of the conflict; (2) 
description of how the conflict may negatively impact the sustainability of the Tule Subbasin; and (3) 
a proposal for one or more resolutions. The Parties agree to designate representatives to meet and 
confer with each other within thirty (30) days of the date such notice is given and said representatives 
shall then meet within a reasonable time to address all issues identified in the notice. Should the 
representatives be unable to reach a resolution within ninety (90) days of the written notice, the 
Parties shall enter into informal mediation in front of a mutually agreeable mediator. After attempting 
to settle or resolve a dispute or disagreement through informal resolution and mediation, as described 
above, nothing within this Agreement shall prevent the Parties from pursuing legal action. The 
resolution of any dispute or claim related to a water right alleged by a Party is outside the scope 
contemplated in this Section 7.1.8 and the Coordination Agreement.   
 

7.2 Amendments to this Coordination Agreement  
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This Coordination Agreement shall become effective on the dates executed by all Parties and 
shall remain in effect until revised or replaced by a subsequent agreement. This Agreement may be 
amended upon the mutual written agreement of all the Parties. Pursuant to 23 Cal. Code Regs. 
§357.4(i), this Coordination Agreement shall be reviewed as part of the five-year assessment, revised 
if necessary, and executed by all parties.   

7.3 Construction  
 
This Agreement is for the sole benefit of the Parties and shall not be construed as granting 

rights to or imposing obligations on any person other than the Parties.  

7.4 Good Faith  
 
Each Party shall use its best efforts and work in good faith for the expeditious completion of 

the purposes and goals of this Agreement and the satisfactory performance of its terms.  

7.5 Execution  
 
This Agreement may be executed in counterparts and the signed counterparts shall constitute 

a single instrument. The signatories to this Agreement represent that they have the authority to sign 
this agreement and to bind the Party for whom they are signing.   

7.6 Third Party Beneficiaries   
 
This Agreement shall not create any right of interest in any non-Party or in any member of 

the public as a third-party beneficiary.  

7.7 Notices  
 
All notices, requests, demands or other communications required or permitted under this 

Agreement shall be in writing unless provided otherwise in this Agreement, and shall be deemed to 
have been duly given and received on: (i) the date of service if personally served or served by electronic 
mail or facsimile transmission on the Party to whom notice is to be given at the address(es) below; (ii) 
on the first day after mailing, if mailed by Federal Express, U.S. Express Mail, or other similar 
overnight courier service; or (iii) on the third day after mailing if mailed to the Party to whom notice 
is to be given by first class mail, registered certified as follows:  

Alpaugh Groundwater Sustainability Agency  
Attn: Bruce Howarth   
P.O. Box 129 Alpaugh, CA 93201  
 
Delano-Earlimart Irrigation District Groundwater Sustainability Agency  
Attn: Eric Quinley  
14181 Avenue 24 Delano, CA 93215  
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Eastern Tule Groundwater Sustainability Agency  
Attn: Rogelio Caudillo  
881 W. Morton Avenue, Suite D Porterville, CA 93257  

 
Lower Tule River Irrigation District GSA  
Attn: Eric Limas  
357 E. Olive Avenue Tipton, CA 93272  

 
Pixley Irrigation District GSA  
Attn: Eric Limas  
357 E. Olive Avenue Tipton, CA 93272  

 
Tri-County Water Authority GSA  
Attn: Deanna Jackson  
944 Whitley Avenue Suite E Corcoran, CA 93212  

 
County of Tulare  
c/o Denise England  
County Administration Building  
2800 W. Burrel Avenue Visalia, California 93291  

 
7.8 No Waiver; No Admission  
 
Nothing in this Coordination Agreement is intended to modify the water rights of any Party 

or of any Person (as that term is defined under Section 19 of the Water Code). Nothing in this 
Coordination Agreement shall be construed as an admission by any Party regarding any subject 
matter of this Coordination Agreement, including without limitation any water right or priority of any 
water right that is claimed by a Party or any Person. Nor shall this Coordination Agreement in any 
way be construed to represent an admission by a Party with respect to the subject or sufficiency of 
another Party’s claim to any water or water right or priority or defenses thereto, or to establish a 
standard for the purposes of the determining the respective liability of any Party or Person, except to 
the extent otherwise specified by law. Nothing in this Coordination Agreement shall be construed as 
a waiver by any Party of its election to at any time assert a legal claim or argument as to water, water 
right or any subject matter of this Coordination Agreement or defenses thereto. The Parties hereby 
agree that this Coordination Agreement, to the fullest extent permitted by law, preserves the water 
rights of each of the Parties as they may exist as of the effective date of this Coordination Agreement 
or at any time thereafter. Any dispute or claim arising out of or in any way related to a water right 
alleged by a Party shall be separately resolved before the appropriate judicial, administrative or 
enforcement body with proper jurisdiction and is specifically excluded from the dispute resolution 
procedures set forth under this Coordination Agreement, including without limitation under Section 
7.1.8.  
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7 .9 It is understood and agreed that this Coordination Agreement supersedes that certain 
"Memorandum of Understanding to Develop and Implement a Coordination Agreement" and all oral 
agreements and negotiations between the Parties relating to the subject matter hereof. 

IN WITNESS WHEREOF, the Parties hereto have executed this Agreement to be effective 
as of the date noted below. 

Alpaugh Groundwater Sustainability Agency 

Delano Earlimart Irrigation District GSA 

Eastern Tule Groundwater Sustainability Agency 

Lower Tule River Irrigation District GSA 

Pixley Irrigation District GSA 

� µ � 
Tri-County Water Authority GSA 

Tulare County GSA 
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1.0 Background 

This monitoring plan has been prepared to describe the monitoring features and monitoring 

methodologies to be used to collect the data to be included in Tule Subbasin Groundwater 

Sustainability Plans (GSPs) and annual reports, as required by the Sustainable Groundwater 

Management Act (SGMA).  This plan is for the Tule Subbasin (see Figure A1-1), as described in 

California Department of Water Resources (DWR) Bulletin 118.1 The Tule Subbasin is subdivided 

into six Groundwater Sustainability Agencies (GSAs), each with their own GSP.   

As required by Section 10727.2 of the Water Code, each GSP must include: 

 (d)  Components relating to the following, as applicable to the basin: 

  (1)  The monitoring and management of groundwater levels within the basin. 

 (2)  The monitoring and management of groundwater quality, groundwater quality 

degradation, inelastic land surface subsidence, and changes in surface flow and 

surface water quality that directly affect groundwater levels or quality or are caused 

by groundwater extraction in the basin. 

(3)  Mitigation of overdraft. 

(4)  How recharge areas identified in the plan substantially contribute to the 

replenishment of the basin. 

(5)  A description of surface water supply used or available for use for groundwater 

recharge or in-lieu use. 

(e)  A summary of the type of monitoring sites, type of measurements, and the frequency 

of monitoring for each location monitoring groundwater levels, groundwater quality, 

subsidence, streamflow, precipitation, evaporation, and tidal influence.  The plan shall 

include a summary of monitoring information such as well depth, screened intervals, and 

aquifer zones monitored, and a summary of the type of well relied on for the information, 

including public, irrigation, domestic, industrial, and monitoring wells. 

(f)  Monitoring protocols that are designed to detect changes in groundwater levels, 

groundwater quality, inelastic surface subsidence, for basins for which subsidence has been 

identified as a potential problem, and flow and quality of surface water that directly affect 

 

 

1 DWR, 2016.  Final 2016 Bulletin 118 Groundwater Basin Boundaries shapefile.  

http://www.water.ca.gov/groundwater/sgma/basin_boundaries.cfm 
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groundwater levels or quality or are caused by groundwater extraction in the basin.  The 

monitoring protocols shall be designed to generate information that promotes efficient and 

effective groundwater management.  

The Tule Subbasin Technical Advisory Committee (TAC) has determined that a single monitoring 

plan that includes the entire Tule Subbasin is necessary in order to identify the types of data to be 

collected throughout the subbasin, the minimum number of monitoring features from which to 

collect data, and the monitoring protocols to be followed by each GSA, in order to ensure that the 

same methodologies are followed as required by California Water Code Section 10727.6 of 

SGMA.  This Tule Subbasin Monitoring Plan (TSMP) serves that purpose. 

1.1 Plan Objectives 354.34 (b) 

The TSMP has been prepared to meet the following subbasin-wide objectives: 

• To ensure that the data collected within the basin are in sufficient quantities, areal 

distribution, frequency and accuracy to provide meaningful results for demonstrating 

progress toward achieving measurable objectives of each GSA and the sustainability goal 

of the subbasin as a whole. 

• To monitor impacts to the beneficial uses and users of groundwater. 

• To monitor changes in groundwater conditions relative to measurable objectives and 

minimum thresholds. 

• Enable the quantification of annual changes in water budget components. 

• To identify data gaps and monitoring features to address the data gaps. 

• To provide a standard methodology for the collection of surface water, groundwater, and 

land surface subsidence data within the Tule Subbasin. 

• To provide for a central, secure monitoring database available to the GSAs for their use in 

preparing their respective groundwater sustainability plans and annual reports. 

The TSMP is both flexible and iterative, allowing for the addition or subtraction of monitoring 

features, as necessary, and to accommodate changes in monitoring frequency and alternative 

methodologies, as appropriate. 

1.2 Area Encompassed by the Monitoring Plan 

The area addressed by this plan is the Tule Subbasin, as defined by the latest version of DWR 

Bulletin 118 as shown on Figure A1-1.  The Tule Subbasin area is 744 square miles  

(475,895 acres).  The Tule Subbasin has been subdivided into the following six GSAs (see 

Figure A1-1): 

• Eastern Tule GSA 
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• Lower Tule River Irrigation District GSA 

• Pixley Irrigation District GSA 

• Delano-Earlimart GSA 

• Tri-County Water Authority GSA 

• Alpaugh GSA 

1.3 Monitoring Plan Organization 

The monitoring plan addresses the following types of data: 

• Surface Water Data 

• Groundwater Data 

• Land Elevation and Subsidence Data 

Each data type will be addressed in its own section that includes a description of the monitoring 

features for collecting data, the data collection protocols, and the monitoring frequency.  

The final section of the monitoring plan describes the data management program that includes a 

description of the database management platform, criteria for data QA/QC, file storage, security 

and access, database maintenance and documentation. 
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2.0 Monitoring Networks 354.34 

This monitoring plan presents the minimum groundwater monitoring network to be relied on by 

the Tule Subbasin GSAs to prepare their annual reports.  Data to be collected from the monitoring 

network will include surface water flow, surface water quality, groundwater levels, groundwater 

quality and land elevation data.  Groundwater levels and quality data will be collected from a 

network of monitoring wells spaced throughout the Tule Subbasin.  The monitoring well network 

includes existing monitoring wells, existing domestic and agricultural wells, and new wells to be 

added.  As some of the existing wells require further investigation prior to formal inclusion in the 

monitoring network, and the exact locations of new monitoring wells are yet to be determined, it 

will be necessary to modify the monitoring network over time to add/remove monitoring features 

and adjust locations. 

2.1 Chronic Lowering of Groundwater Levels 354.34 (c) (1) 

As there are significant differences in hydraulic head and aquifer characteristics with depth in the 

Tule Subbasin, monitoring wells have been identified to enable the collection of data from each of 

the significant subsurface hydrogeologic units in the area.  These units include (in order from 

shallowest to deepest): 

• The Upper Aquifer 

• The Lower Aquifer 

• The Santa Margarita Formation 

The depths of each of these units follow the hydrogeological conceptual model of the Tule 

Subbasin outlined in the hydrogeological conceptual model and incorporated into the Tule 

Subbasin Groundwater Flow Model.2  The Upper Aquifer is generally located above the Corcoran 

Clay in the western part of the subbasin and above other confining beds in the eastern part of the 

subbasin.  The Upper Aquifer is generally unconfined to semi-confined.  The Upper Aquifer varies 

in depth from approximately 400 ft below ground surface (ft bgs) in the western portion of the 

basin to less than 100 ft bgs in the northeastern portion.  The Lower Aquifer is below the Corcoran 

Clay and extends to depths ranging from approximately 2,200 ft bgs in the western portion of the 

 

 

2 TH&Co, 2017a.  Hydrogeological Conceptual Model and Water Budget for the Tule Subbasin.  Prepared for the 

Tule Subbasin MOU Group.  Dated August 1, 2017. 

 

TH&Co, 2019.  Groundwater Flow Model for the Tule Subbasin.  Prepare for the Tule Subbasin MOU Group.  In 

Progress.   
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Tule Subbasin to 400 ft bgs near State Route 99.  The Santa Margarita Formation occurs at depths 

ranging from 700 to 2,000 ft bgs in the southeastern portion of the Tule Subbasin.  

Monitoring wells are identified with perforations exclusively in the Upper Aquifer, Lower Aquifer, 

or Santa Margarita Formation.  Individual wells perforated across multiple aquifer layers (i.e. 

“composite wells”) will not be allowed in the monitoring plan unless no other wells are available 

for monitoring in the area.  Over time, wells in the monitoring network that are perforated across 

multiple aquifers will be replaced with nested or cluster wells with perforations specific to the 

Upper or Lower aquifers. 

2.1.1 Monitoring Features 

2.1.1.1 Upper Aquifer Monitoring Wells 

Upper aquifer monitoring wells are shown on Figure A1-2.  A total of  78 monitoring wells have 

been identified for monitoring the Upper Aquifer. Of these wells, 27 have been designated as RMS 

wells (see Table A1-A). The Upper Aquifer monitoring wells are further described below. 

Existing Upper Aquifer Monitoring Wells with Historical Records 

Of the 82 wells identified for monitoring the Upper Aquifer, 36 have historical groundwater level 

records and meet the minimum criteria specified in Section 3.2.1.1 of the Coordination Agreement.  

Groundwater level hydrographs for these wells are provided in Appendix A. 

Existing Upper Aquifer Monitoring Wells – No Historical Records (to be Investigated) 

There are numerous existing wells with documented total depth and perforation interval(s) within 

the Upper Aquifer that could be incorporated into the monitoring network but require further 

investigation.  These wells have no historical groundwater level records and owner permission for 

access the wells has not been pursued.  However, if access is approved by the owner and the wells 

are demonstrated to meet the minimum criteria for monitoring wells, they may be incorporated 

into the monitoring plan.  Many of these existing Upper Aquifer wells, to be confirmed through 

further investigation, have been identified for consideration in the monitoring plan (see Figure A1-

2; Table A1-1).  In addition, 48 wells that are part of the water quality monitoring network are 

included in the groundwater level monitoring network.  These wells have been selected to help fill 

aerial coverage data gaps for monitoring Upper Aquifer groundwater levels. 

Potential existing Upper Aquifer wells for which access has been denied or, upon investigation, 

do not otherwise meet the minimum criteria specified in Section 3.2.1.1 of the Coordination 

Agreement, will be removed and replaced with an alternate existing well with documented total 

depth and perforation interval located in the same area.  If no other wells exist in the area, a new 

Upper Aquifer monitoring well may be constructed in the area. 
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Proposed New Upper Aquifer Monitoring Wells 

New monitoring wells will be drilled in areas where there are no existing wells for monitoring in 

order to fill the data gaps.  General areas for future monitoring wells are identified on Figure A1-

2.   

The depths and perforation intervals of the new Upper Aquifer monitoring wells will vary 

depending on location within the subbasin.  In general, Upper Aquifer monitoring wells will be 

perforated from approximately 10 ft below the then current static groundwater level to the bottom 

of the Upper Aquifer, as defined by the Tule Subbasin conceptual model3 (see Figure A1-2).  New 

Upper Aquifer wells constructed on the west side of the subbasin will be the deepest and new 

Upper Aquifer wells constructed on the east side of the subbasin will be shallowest.  It is noted 

that the depths presented herein are for planning purposes.  The final well construction details will 

be refined in the field during drilling once site-specific data have been obtained and reviewed.  As 

such, the final well depths and perforation intervals may be adjusted for site specific conditions.  

A conceptual well design drawing for new Upper Aquifer monitoring wells is shown on  

Figure A1-3. In general, new monitoring wells shall be constructed of 5-inch diameter Schedule 

80 PVC blank and slotted casing.  A filter pack for the new wells will be placed in the annular 

borehole space opposite the perforations from the total borehole depth to at least 10 feet above the 

top of perforations.  The upper portion of the annular space shall be backfilled with a seal 

consisting of bentonite or other approved sealing material.  The surface completion for each new 

monitoring well will include a steel above-ground riser equipped with a protective locking cap for 

keeping the wellhead secure.  The above-ground riser will be surrounded by cement-filled steel 

bollards for further protection. 

At some locations, the well will be completed as a nested well with two 5-inch diameter casings 

within the same borehole.  One casing will be constructed in the Upper Aquifer and the other 

casing will be constructed in the Lower Aquifer (see Figure A1-4).  A bentonite seal will be placed 

in the annular space between the two perforation intervals to ensure that the data collected from 

each casing will be specific to the aquifer in which it is perforated. 

A dedicated reference point shall be established and marked on the top of each monitoring well 

casing.  All groundwater level measurements shall be obtained relative to the reference point.  The 

elevation of the reference point shall be surveyed to an accuracy of 0.1 foot relative to mean sea 

 

 

3 TH&Co, 2017a.  Hydrogeological Conceptual Model and Water Budget for the Tule Subbasin.  Prepared for the 

Tule Subbasin MOU Group.  Dated August 1, 2017. 
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level (NAVD88) by a California licensed land surveyor.  The location of each well will be 

surveyed to an accuracy of 1 foot.   

2.1.1.2 Lower Aquifer Monitoring Wells 

Lower Aquifer monitoring wells are shown on Figure A1-2.  A total of 66 monitoring wells have 

been identified for monitoring the Lower Aquifer. For the purpose of this TSMP, an additional 15 

composite wells and 4 Santa Margarita Aquifer wells are included with the Lower Aquifer wells. 

Of the Lower Aquifer, composite, and Santa Margarita Aquifer wells, 29 have been designated as 

RMS wells (see Table A1-2). These wells are further described below. 

Existing Lower Aquifer Monitoring Wells with Historical Records 

Of the 66 existing wells identified for monitoring the Lower Aquifer, nine are existing wells with 

historical groundwater level records and meet the minimum criteria specified in Section 3.2.1.1 of 

the Coordination Agreement.  Groundwater level hydrographs for these wells are provided in 

Appendix B. 

Existing Lower Aquifer Monitoring Wells – No Historical Records (to be Investigated) 

There are numerous existing wells with documented total depth and perforation interval(s) within 

the Lower Aquifer that could be incorporated into the monitoring network but require further 

investigation.  These wells have no historical groundwater level records and owner permission to 

access the wells has not been pursued.  However, if access is approved by the owner and the wells 

are demonstrated to meet the minimum criteria for monitoring wells, they may be incorporated 

into the monitoring plan.  Many of these existing Lower Aquifer wells, to be confirmed through 

further investigation, have been identified for consideration in the monitoring plan (see Figure A1-

2; Table A1-2).  In addition, 20 wells that are part of the water quality monitoring network are 

included in the groundwater level monitoring network.  These wells have been selected to help fill 

aerial coverage data gaps for monitoring Lower Aquifer groundwater levels. 

Potential existing Lower Aquifer wells for which access is denied or, upon investigation, do not 

otherwise meet the minimum criteria specified in Section 3.2.1.1 of the Coordination Agreement, 

will be removed and replaced with an alternate existing well with documented total depth and 

perforation interval located in the same area.  If no other wells exist in the area, a new Lower 

Aquifer well will be constructed in the area. 

Proposed New Lower Aquifer Monitoring Wells 

New monitoring wells are planned to be constructed in the Lower Aquifer (see Figure A1-2).  New 

Lower Aquifer monitoring wells will be drilled in areas where there are no existing wells for 
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monitoring in order to fill data gaps.  General areas for future monitoring wells are identified on 

Figure A1-2.   

The depths and perforation intervals of the new Lower Aquifer monitoring wells will vary 

depending on location within the subbasin.  In general, Lower Aquifer monitoring wells will be 

perforated below the Corcoran Clay, where it has been mapped, or at depths where the aquifer is 

assumed to be confined, as defined by the Tule Subbasin conceptual model.4  New Lower Aquifer 

monitoring wells will be constructed with total depths ranging from 400 to 1,000 ft bgs, with the 

deepest wells in the western part of the subbasin and shallowest wells on the east side of the 

subbasin.  It is noted that the depths presented herein are for planning purposes.  The final well 

construction details will be refined in the field during drilling once site-specific data have been 

obtained and reviewed.  As such, the final well depths and perforation intervals may be adjusted 

for site specific conditions. 

A conceptual well design drawing for new Lower Aquifer monitoring wells is shown on Figure 

A1-5.  In general, new monitoring wells shall be constructed of 4-inch diameter PVC blank and 

slotted casing.  A dedicated reference point shall be established and marked on the top of each 

monitoring well casing.  All groundwater level measurements shall be obtained relative to the 

reference point.  The elevation of the reference point shall be surveyed to an accuracy of 0.1 foot 

relative to mean sea level (NAVD88) by a California licensed land surveyor.  The location of each 

well will be surveyed to an accuracy of 1 foot.   

2.1.2 Monitoring Procedure 

Groundwater level measurements shall be collected from each well using either a steel tape, a 

calibrated well sounder, or a pressure transducer. Where possible, groundwater level 

measurements shall be collected with a steel tape or an electrical groundwater level sounder 

calibrated to the nearest 0.01 ft.  For pre-existing wells with limited access, a calibrated steel tape 

and chalk may be used.  All equipment must be in good working condition.  No damaged or 

refurbished electrical sounding tape shall be used.  All new monitoring wells shall be equipped 

with calibrated pressure transducers. 

Groundwater level measurements must be representative of static (i.e. non-pumping) groundwater 

level conditions.  To ensure measurement of static groundwater levels in active pumping wells, 

the field technician collecting the data must verify that the pump has been off for at least 24 hours 

prior to collecting the data.  

 

 

4 TH&Co, 2017a.  Hydrogeological Conceptual Model and Water Budget for the Tule Subbasin.  Prepared for the 

Tule Subbasin MOU Group.  Dated August 1, 2017. 
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2.1.2.1 Manual Groundwater Level Measurements 

The following monitoring procedure shall be used to obtain manual groundwater level 

measurements in the field: 

• Upon arrival at each site, the field technician shall note the well name, time of day, and 

date on the standard groundwater level data form (see Appendix C). 

• All monitoring equipment shall be cleaned prior to lowering it into the well(s) using the 

following decontamination procedure: 

o Wash equipment with an Alconox solution which is followed by a deionized water 

rinse. 

o Triple rinse equipment with deionized water. 

o Place equipment on clean surface such as teflon or polyethylene sheet to air dry. 

• To measure the depth to groundwater with a steel tape or an electrical sounder or meter, 

slowly lower the steel tape or water level electrical tape into the designated sounding port 

for production wells and into the main well for monitoring wells.  Steel tapes and electrical 

tapes are lowered to the water surface, as determined by the audio signal, meter, or 

technician.  Depths to groundwater are measured relative to the dedicated reference point 

at the top of the casing or sounding tube.  Depth to groundwater shall be immediately 

recorded on the standard groundwater level data form (see Appendix C).  Depths to 

groundwater shall be compared to previous measurements in the field and re-measured if 

significantly different. 

• For wells with limited access (such as agricultural wells or domestic wells equipped with 

a pump), a steel tape and chalk may be used.  For this method, chalk is applied to a 1- to 

3-foot section of the steel tape prior to lowering in the well.  The steel tape is lowered to a 

depth at least 1-ft below the static groundwater level and a whole number on the calibrated 

tape is matched to the reference point at the surface.  Both the foot mark held at the 

reference point and the groundwater level observed on the chalk shall be recorded on the 

standard field forms (see Appendix D).  The difference between the two is the depth to 

groundwater. 

• When finished sounding the groundwater level, all downhole equipment shall be removed, 

and where existing, the well cap shall be replaced, and the riser locked.   

• Prior to leaving the monitoring well site, the field representative shall note any physical 

changes in the concrete well pad and riser pipe, such as erosion, cracks or damage.  All 

changes shall be recorded on the standard field forms provided in Appendices C, D, and E. 
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2.1.2.2 Automatic Groundwater Level Measurements Using Transducers 

Transducers shall be installed in all new monitoring wells and existing monitoring wells identified 

as representative monitoring sites.  Transducers shall be installed below the groundwater level with 

enough submergence to accommodate anticipated groundwater level fluctuations.  

2.1.3 Frequency of Measurement 

Groundwater level measurements from existing domestic and irrigation wells shown on Figure 

A1-2 will be collected semi-annually in the Spring (February/March) and in the Fall 

(October/November).  To the extent possible, groundwater level monitoring events will be 

coordinated between GSAs so that measurements are taken at the time of greatest recovery and 

maximum depth. 

Groundwater level measurements from all new monitoring wells and wells designated as 

representative monitoring sites will be collected using pressure transducers permanently installed 

in the wells and set to collect one measurement per day.  Pressure transducers will be downloaded 

on a semi-annual basis.  During each download session, the field technician will also obtain a 

manual groundwater level measurement in order to verify transducer readings and ensure that the 

instruments are working properly. 

2.2 Reduction in Groundwater Storage § 354.34 (c) (2) 

Changes in groundwater storage within the Tule Subbasin will be estimated using either of the 

methods identified in Section 3.6 of the Tule Subbasin Coordination Agreement.  Groundwater 

level data to be relied on for the change in groundwater storage estimates will be collected as 

described in Section 2.1 of this TSMP. 

2.3 Seawater Intrusion § 354.34 (c) (3) 

Seawater intrusion cannot occur in the Tule Subbasin due to its location with respect to the Pacific 

Ocean.  The Tule Subbasin is approximately 110 miles inland of the Pacific Ocean and is separated 

from the ocean by approximately 90 miles of sedimentary rocks that make up the Coast Ranges.  

These sedimentary rocks effectively separate the Pacific Ocean hydraulically from the aquifer 

system in the San Joaquin Valley.  Further, the Coast Ranges are dissected by multiple northwest 

trending faults, the largest of which is the San Andreas Fault.  These faults form groundwater flow 

barriers, which further act to separate the San Joaquin Valley aquifers from the Pacific Ocean.  

Accordingly, groundwater pumping in the Tule Subbasin cannot induce seawater intrusion.  As 

such, monitoring for seawater intrusion is not necessary and is not included in this monitoring 

plan. 
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2.4 Degraded Water Quality § 354.34 (c) (4) 

Groundwater samples shall be collected and analyzed annually, during summer months, from the 

wells shown on Figure A1-6 consistent with the Tule Basin Water Quality Coalition Groundwater 

Quality Trend Monitoring Program Workplan.5  The groundwater sampling protocols described 

herein will ensure that: 

• Groundwater quality data are collected from the correct location 

• Groundwater quality data are accurate and reproducible  

• Groundwater quality data represent conditions that inform appropriate basin management 

decisions  

• All salient information is recorded to normalize, if necessary, and compare data  

• Data are handled in a way that ensures data integrity  

2.4.1 Groundwater Quality Constituents to be Analyzed 

Annual water quality monitoring of the wells shown on Figure A1-6 will include laboratory 

analysis for nitrate as N only (see Table A1-3).  Prior to collecting the samples in the field, the 

field technician will collect measurements of temperature, pH, dissolved oxygen (DO) and 

electrical conductivity (EC) from the well discharge, as described in Section 2.4.2 herein. 

Every five years, samples from the wells shown on Figure A1-6 will be analyzed for an expanded 

list of analytes.  In addition to nitrate, samples will be analyzed for total dissolved solids (TDS) 

and major cations and anions (see Table A1-3).  Prior to collecting the samples in the field, the 

field technician shall collect measurements of temperature, pH, DO and EC from the well 

discharge, as described in Section 2.4.2 herein. 

2.4.2 Groundwater Quality Samples from Existing Domestic Water Supply or 

Irrigation Wells 

Domestic water supply and irrigation wells shall be sampled after purging the well for a period of 

time adequate to remove at least three well volumes removed prior to sampling (see Appendix E).  

If the well is currently pumping, this step is not necessary. 

During pumping and prior to sample collection, the field technician shall obtain measurements of 

temperature, pH, DO and EC from water collected from the sample port.  Meters for measuring 

pH, DO and EC shall be field calibrated in accordance with manufacturer’s specifications at the 

beginning of each sampling day.  Samples will be collected when: (1) a minimum of four sets of 

 

 

5 Tule Basin Water Quality Coalition, 2017.  Groundwater Trend Monitoring Workplan.  January 6, 2017. 
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parameter readings have been obtained; and (2) the temperature, pH, and EC reach relatively 

constant values. 

All samples shall be collected from the discharge point nearest the well head and placed in 

laboratory-prepared sample containers. The technician collecting the sample shall wear new latex 

or neoprene gloves while collecting the sample.  Sample containers shall be labeled before or 

immediately after sampling with self-adhesive tags having the following information written in 

waterproof ink: 

• Project number 

• Sample I.D. number 

• Sample location 

• Date and time sample was collected 

• Initials of sample collector 

2.4.3 Groundwater Quality Samples from Monitoring Wells 

All groundwater samples from monitoring wells will be collected consistent with procedures 

described in the United States Environmental Protection Agency’s (USEPA’s) Low-flow 

(Minimal Drawdown) Groundwater Sampling Procedures.6  Low-flow purging can be conducted 

using either portable or dedicated (leave in well) pump systems.  A submersible pump, diaphragm 

pump, or positive displacement pump, which may contain a bladder, may be used for evacuating 

(purging) the monitoring well casing and collecting the samples.  The pump-intake should be set 

in the middle or slightly above the middle of the screened interval in the well.  Other equipment 

necessary for collecting groundwater samples using the low-flow sampling method include: 

• A water level measurement device, or water level sounder 

• In-line flow through cell to monitor water quality parameters 

• Field forms for documenting water quality parameters measured at each monitoring well 

• Chain of custody forms 

• Laboratory prepared sample containers from a State-certified laboratory with the 

appropriate labels for the analytes being measured 

• Gloves 

• Cleaning supplies for decontaminating 

• Tubing for the pump 

 

 

6 Puls, R.W., and Barcelona, M.J., 1996.  Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures.  EPA 

document 540/S-95-504. 
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All samples shall be collected from a discharge port at the wellhead and placed in laboratory-

prepared sample containers. For dissolved trace metal analyses, samples will be collected in 

unpreserved bottles, then filtered through a 0.45-micron filter and acidified prior to analysis.  The 

technician collecting the sample shall wear new latex or neoprene gloves while collecting the 

sample.  Sample containers shall be labeled before or immediately after sampling with self-

adhesive tags having the following information written in waterproof ink: 

• Project number 

• Sample I.D. number 

• Sample location 

• Date and time sample was collected 

• Initials of sample collector 

2.4.4 Well Sampling Records 

Data collected during groundwater sampling will be recorded on the standard forms provided in 

Appendix F.  Information and data to be recorded shall include:  

• Sample I.D. 

• Duplicate I.D., if applicable 

• Date and time sampled 

• Name of sample collector 

• Well designation (State well numbering system for water supply wells) 

• Owner’s name, or other common designation 

• Well diameter 

• Depth to water on day sampled 

• Casing volume on day sampled 

• Method of purging (bailing, pumping, etc.) 

• Extraordinary circumstances (if any) 

• Field measurements temperature (0º C), pH, specific electrical conductivity (at 25ºC 

µs/cm), and dissolved oxygen (mg/l)  

• Number and type of sample container(s) 

• Times corresponding to water quality measurements 

• Pumping rate at time of sampling 

In addition to the standard forms for collecting data, the field technician shall keep a daily field 

record for each day of fieldwork.  Following review by the project manager, the original records 

shall be kept in the project file. 
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2.4.5 Handling, Storage and Transportation of Samples 

Upon collection and labeling, all samples shall be placed immediately into a clean chest/cooler 

with ice in order to keep samples cool.  Exposure to dust, direct sunlight, high temperature, adverse 

weather conditions, and possible contamination shall be avoided.   

All samples will be transported to a State-certified analytical laboratory within 24 hours of 

collection.  Samples shall be transported under chain-of-custody procedures, which document the 

transfer of custody of samples from the field to the laboratory.  Each sample sent to the laboratory 

for analysis shall be recorded on a Chain-of-Custody Record, which includes instructions to the 

laboratory for analytical services. 

Information contained on the triplicate Chain-of-Custody Record shall include: 

• Project number 

• Signature of sampler(s) 

• Date and time sampled 

• Sample I.D. 

• Number of sample containers 

• Sample matrix (water) 

• Analyses required 

• Remarks, including preservatives, special conditions, or specific quality control measures 

• Turnaround time and person to receive laboratory report 

• Method of shipment to the laboratory 

• Release signature of sampler(s), and signatures of all people assuming custody 

• Condition of samples when received by laboratory 

Blank spaces on the Chain-of-Custody Record will be crossed out between the last sample listed 

and the signatures at the bottom of the sheet. 

The field sampler shall sign the Chain-of-Custody Record and record the time and date at the time 

of transfer to the laboratory or to an intermediate person.  A set of signatures is required for each 

relinquished/reserved transfer, including intermediate transfers.  The original imprint of the Chain-

of-Custody Record will accompany the sample containers.  A duplicate copy shall be placed in the 

project file. 

If the samples are to be shipped to the laboratory, the original Chain-of-Custody will be sealed 

inside a plastic bag within the ice chest, and the chest shall be sealed with custody tape which has 

been signed and dated by the last person listed on the Chain-of-Custody.  U. S. Department of 

Transportation shipping requirements shall be followed and the sample shipping receipt retained 

in the project file as part of the permanent chain-of-custody document.  The shipping company 



Tule Subbasin Monitoring Plan                                                                                                        July 2022 

 

 
 
  

15 

(e.g. Federal Express, UPS, DHL) will not sign the chain-of-custody forms as a receiver, instead 

the laboratory shall sign as a receiver when the samples are received. 

2.4.6 Quality Control Samples 

Quality control samples shall consist of duplicates and blanks.  At least one duplicate sample shall 

be collected during each day of sampling.  The duplicate sample shall be collected from the same 

well as the original and immediately after the original sample.  At least one blank sample shall be 

included with each batch of samples delivered to the laboratory.  Blank samples shall consist of 

laboratory prepared deionized water that is containerized at the laboratory and delivered with the 

sample containers.  Duplicate and blank samples will be analyzed by the laboratory, as specified 

in the project Quality Assurance Project Plan (QAPP)7 or by the project manager (see Appendix 

E).  

2.4.7 Frequency of Measurement 

Groundwater quality samples will be collected from the wells shown on Figure A1-6 on an annual 

basis, during the summer, and analyzed as described in Section 2.4.1 herein. 

2.5 Land Subsidence 354.34 (c) (5) 

Land surface subsidence has been observed in multiple areas within the Tule Subbasin.  Based on 

United States Geological Survey (USGS) measurements and analysis of land subsidence that 

occurred in the area in the 1950s and 1960s,8 it has been determined that the land subsidence is 

associated with lowered groundwater levels due to groundwater pumping in areas where the 

subsurface contains a significant amount of clay and silt.  Recent land subsidence in the Tule 

Subbasin has resulted in lowered flow capacity in the Friant-Kern Canal.  Subsidence has also 

been observed from satellite data in the western portion of the subbasin. 

2.5.1 Monitoring Features 

Monitoring of changes in land surface elevation related to groundwater withdrawal will be 

conducted through global positioning surveys, data collected from extensometers, and satellite 

data. 

 

 

7 Tule Basin Water Quality Coalition, 2017.  Groundwater Trend Monitoring Workplan.  January 6, 2017. 
8 Lofgren, B.E., and Klausing, R.L., 1969.  Land Subsidence Due to Ground-Water Withdrawal, Tulare-Wasco Area 

of California.  USGS Professional Paper 437-B.   
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2.5.1.1 Global Positioning Surveys 

 

A total of 60 benchmark stations have been established to monitor changes in land elevation across 

the subbasin using GPS measurements (see Figure A1-7).  Each survey station is a benchmark 

labeled with the station identification. An additional 34 benchmark stations established by the 

Friant Water Authority (FWA) are included in the monitoring network. In addition to the existing 

benchmark network, additional benchmarks may be established in the subbasin in the future. 

Land surface elevations from the Porterville GPS Station (Station P056), located at the Porterville 

Airport (see Figure A1-7), are also included in this plan. The data is available through the 

University NAVSTAR Consortium (UNAVCO) website. 

2.5.1.2 Extensometers 

The USGS collects data on aquifer system compaction, which causes land subsidence, from one 

existing extensometer near Porterville (22S/27E-30D2; see Figure A1-7).  This station is located 

adjacent to the Friant-Kern Canal approximately one mile north of the Deer Creek crossing.  Data 

from this extensometer can be accessed via the USGS website. 

In addition to the existing extensometer, additional extensometers may be established at strategic 

locations of the subbasin in the future.     

2.5.1.3 Satellite Data (InSAR) 

Changes in land surface elevation over time can be observed on a regional scale using satellite 

data.  The data is generated using interferometric synthetic aperture radar (InSAR).  InSAR data 

is available and will be obtained from the CDWR on a quarterly basis.  

2.5.2 Monitoring Procedure 

2.5.2.1 Global Positioning Surveys 

The GPS network will be established and monitored in accordance with National Geodetic Survey 

(NGS) Guidelines for Establishing GPS-Derived Ellipsoid Heights (National Oceanographic and 

Atmospheric Administration and Guidelines for Establishing GPS-Derived Orthometric Heights.9  

All GPS-derived elevations will be constrained to an established NGS benchmark located on Lake 

 

 

9 NOAA, 1997. 
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Success Dam (KT 200).  All land surface elevation readings will be to an accuracy of 0.1 feet 

relative to NAVD88. 

Land surface elevations from the Porterville GPS Station will be downloaded from the UNAVCO 

website as needed. 

2.5.2.2 Extensometers 

The USGS extensometer is equipped with a continuous monitoring device to record aquifer system 

compaction.  Aquifer system compaction data will be downloaded from the USGS website for 

analysis as data updates are available. 

2.5.2.3 Satellite Data (InSAR) 

InSAR data will be obtained from the Jet Propulsion Laboratory, USGS, or European Space 

Agency for processing.  The data will be analyzed and interpreted by an outside professional (Neva 

Ridge Technologies, Inc. or approved equal) in order to develop maps showing regional land 

surface changes. 

2.5.3 Frequency of Measurement 

2.5.3.1 Global Positioning Surveys 

GPS surveys of the stations shown on Figure A1-7 will be conducted on an annual basis correlated 

to groundwater quality sampling events.  GPS surveys of stations located within the Friant-Kern 

Canal Monitoring Zone will be conducted on a quarterly basis. 

2.5.3.2 Extensometers 

Aquifer system compaction is measured on a continuous basis at the USGS extensometer.  Aquifer 

system compaction data will be downloaded from the USGS website for analysis as data updates 

are available. 

2.5.3.3 Satellite Data (InSAR) 

InSAR data will be obtained and analyzed on a quarterly basis.   

2.6 Depletions of Interconnected Surface Water 354.34 (c) (6) 

Surface water flow in the Tule River and Deer Creek ultimately flow into the historical Tulare 

Lake but only during periods of prolonged above-normal precipitation.  Surface water flow in the 

White River does not reach the Tulare Lake bed.  Surface water flow in the Tule River, including 

flow beyond the Tule Subbasin, is monitored and managed by the Tule River Association (TRA).  
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Surface water flow in the Deer Creek and White River are monitored by the USGS and USBR.  

The monitoring features, monitoring procedures, and monitoring frequency for surface water in 

the Tule Subbasin follows the features, procedures, and frequency already in place by these 

organizations. 

2.6.1 Monitoring Features 

A primary source of water to the Tule Subbasin is surface water runoff originating in the Sierra 

Nevada Mountains.  The primary rivers/streams contributing surface water to the subbasin include 

the Tule River, Deer Creek, and White River (see Figure A1-8).  Each of these rivers/streams 

contain existing surface water monitoring stations for the collection of both stream flow and 

surface water quality.  The following summarizes the key monitoring features and locations in the 

subbasin. 

2.6.1.1 Tule River 

Stream flow in the portion of the Tule River that is within the Tule Subbasin is determined by 

controlled releases from Lake Success, measured by the Army Corps of Engineers (ACOE).  

Stream flow entering Lake Success is measured and distributed to various water rights holders as 

allocated at Success Dam in accordance with the Tule River Water Diversion Schedule and Storage 

Agreement.10  The accounting of surface water flow, storage, streambed losses, and diversions is 

documented for each water year in the TRA annual reports from 1962 through 2017.  

Tule River Stream Flow – Main Channel 

Stream flow in the Tule River is measured by the ACOE below Success Dam, at Rockford Station 

downstream of Porterville, and at Turnbull Weir by the TRA (see Figure A1-8).  In addition, 

releases of imported Central Valley Project water into the Tule River and Porter Slough from the 

Friant-Kern Canal are conducted at two locations, which are measured via weir structures managed 

by the USBR.  Details regarding the location and construction of each stream flow gage are 

provided in Table A1-4.   

 

 

10 TRA, 1966.  Tule River Diversion Schedule and Storage Agreement.  Dated February 1, 1966; revised June 16, 

1966. 
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Tule River Diversions - Structures and Headgates 

Between Lake Success Dam and the Turnbull Weir, water is diverted from the Tule River to 

various water right holders.  Diversion locations are shown on Figure A1-8 and described as 

follows: 

Pioneer Water Company: 

The headgate is a portion of the Success Reservoir outlet works and consists of a 42-inch 

gated conduit.  The gaging station is a standard 5-foot concrete Parshall flume located 100 

feet downstream of the reservoir outlet works at a point approximately 2,100 feet south and 

1,400 feet east of the northwest corner of Section 35, Township 21 South, Range 28 East, 

M.D.B.&M., being in the southeast quarter of the northeast quarter of said Section 35. 

Porter Slough at Headgate 

The Porter Slough Headgate diverts water from the main channel of the Tule River to the 

Porter Slough, an ancestral branch of the Tule River that extends from the headgate to the 

LTRID No. 4 Canal (see Figure A1-8).  The headgate is located in the southeast quarter of 

the northeast quarter of Section 4, Township 22 South, Range 28 East, M.D.B.&M.  Five 

bays of flashboards control the diversions from the Tule River in Porter Slough. 

Flows at the headgate of Porter Slough are computed by the addition of 5 cubic-feet per 

second to the daily mean flows measured at the Porter Slough at Porterville (B Lane) 

gaging station. 

Porter Slough at Porterville 

The gaging station is a rated section of the natural channel situated approximately  

2,900 feet west and 1,100 feet north of the southeast corner of Section 32, Township 21 

South, Range 28 East, M.D.B.&M. and 1.4 miles below the Porter Slough headgate in the 

Boydston Weir.  

Porter Slough Ditch Company 

The headgate is located in the Porter Slough check structure at Putnam Street being 

approximately 2,500 feet west and 1,500 feet north of the Southeast corner of Section 26, 

Township 21 South, Range 27 East, M.D.B.&M., being in the northwest quarter of the 

southeast quarter of said Section 26.  The gaging station is a rated section 150 feet below 

the headgate. 
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Porter Slough Below Avenue 192 

Porter Slough terminates with discharge through a concrete check structure into the No. 4 

Canal of LTRID located near the center of Section 11, Township 21 South, Range 26 East, 

M.D.B.&M., one-half mile easterly of Tulare County Road 192.   A daily weir 

measurement is used for recording the flow of Porter Slough Below 192. 

Downstream of Avenue 192, the Porter Slough discharges into a series of unlined canals 

that deliver water to farmers in the LTRID. 

Campbell and Moreland Ditch Company: 

The headgate is located near the South end of Boydston Weir at a point approximately  

600 feet west and 1,700 feet south of the northeast corner of Section 4, Township 22 South, 

Range 28 East, M.D.B.&M., being in the southeast quarter of the northeast quarter of said 

Section 4.  The gaging station is a rated concrete lined canal section 2,600 feet below the 

headgate. 

Vandalia Ditch Company: 

The headgate is located in the south end of Vandalia Weir at a point approximately  

1,160 feet west and 170 feet north of the southeast corner of Section 32, Township 21 

South, Range 28 East, M.D.B.&M., being in the southeast quarter of the southeast quarter 

of said Section 32.  The gaging station is a rated section 1,000 feet below the headgate. 

Hubbs & Miner Ditch Company: 

The canal diverts along the North levee of the Tule River at a point approximately  

2,600 feet west and 2,100 feet north of the southeast corner of Section 35, Township 21 

South, Range 27 East, M.D.B.&M., being in the northwest quarter of the southeast quarter 

of said Section 35.  The gaging station is a rated section 3,100 feet below the canal 

diversion and 85 feet downstream of the River bypass headgate structure. 

Poplar Irrigation Company: 

The canal diverts along the south levee of the Tule River at a point approximately  

740 feet west and 1,000 feet north of the southeast corner of Section 36, Township 21 

South, Range 27 East, M.D.B.&M., being in the southeast quarter of the southeast quarter 

of said Section 36.  The gaging station is a rated section 3,400 feet below the canal 

diversion and 325 feet downstream of the River bypass headgate structure. 

Woods-Central Ditch Company: 

The headgate structure is located in the South bank of the Tule River at a point 

approximately 2,300 feet west and 2,200 feet north of the southeast corner of Section 30, 
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Township 21 South, Range 27 East, M.D.B.&M., being in the northwest quarter of the 

southeast quarter of said Section 30.  The gaging station is a rated section 150 feet below 

the River diversion. 

2.6.1.2 Deer Creek 

Deer Creek is a natural drainage that originates in the Sierra Nevada Mountains, flowing in a 

westerly direction north of Terra Bella and between Pixley and Earlimart (see Figure A1-8).  The 

Deer Creek channel extends to the Homeland Canal, although surface water flow rarely reaches 

that location.   

Deer Creek Stream Flow 

Stream flow in Deer Creek is measured at the United States Geological Survey (USGS) gage at 

Fountain Springs (five miles east of, and outside of, the Tule Subbasin boundary), Trenton Weir, 

and at the point where Deer Creek outlets to the Homeland Canal (see Figure A1-8).  Details 

regarding the location and construction of each stream flow gage are provided in Table A-4 and 

summarized below.     

Friant-Kern Canal Discharges into Deer Creek 

Friant-Kern Canal water is also discharged into Deer Creek approximately five miles upstream of 

Trenton Weir and measured by the USBR (see Figure A1-8).   

2.6.1.3 White River 

The White River drains out of the Sierra Nevada Mountains east of the community of Richgrove 

in the southern portion of the Tule Subbasin (see Figure A1-8).  The White River channel extends 

as far as State Highway 99 but does not reach the historical Tulare Lake bed.  Streamflow in this 

river is currently monitored manually at Road 208 by the Tule Basin Water Quality Coalition and 

the Delano-Earlimart Irrigation District. 

2.6.2 Monitoring Procedure 

2.6.2.1 Surface Water Flow Measurements 

With the exception of the White River Turnbull Weir at Road 208, Porter Slough at 192, and Deer 

Creek outlet to Homeland Canal, all gaging stations and diversion structures on the Tule River and 

Deer Creek are equipped with water stage recorders that collect water stage readings automatically 

every 15 minutes.  The gage on the Tule River Below Success Dam is operated and managed by 

the ACOE.  The Trenton Weir on Deer Creek is operated and managed by the ACOE.  All other 

gages (with the exceptions noted) report data electronically in real time to the TRA/LTRID. 
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Stream flow at the Turnbull Weir is measured manually when flow passes the gage.  Manual 

measurements involve recording the reading on the staff gage in the river and conducting current 

meter measurements for verifying the rating curve and table.  Current meter measurements will be 

collected within the rated section of the natural channel under laminar flow conditions.  The 

required frequency of manual measurements at the Turnbull Weir is addressed in Section 2.6.3.  

Staff gage and current meter readings are recorded immediately after completion of the 

measurement and any significant shifts are verified immediately by re-measurement.  All readings 

are recorded on standard forms that include the time the measurement began, the time the 

measurement was completed, the staff gage height in feet to the nearest hundredth, and any other 

pertinent data with respect to channel conditions, growth, etc. 

For water stage recorders, should the flow double within any 24-hour period, the bi-hourly gage 

heights shall be converted to second-foot flows and the mean daily flow computed from the 

second-foot quantities rather than utilizing the normal procedure of obtaining a mean daily gage 

height and the gage height to a second-foot flow.  In the final review of gage sheets, shifts shall be 

prorated through the period during which the change occurred as determined from the current 

meter measurements, unless the Hydrographer determines a specific reason for the shift to occur 

at a definite time. 

2.6.2.2 Surface Water Quality Measurements 

Surface water quality samples have historically been collected and analyzed from the Tule River, 

Deer Creek and White River by the Tule Basin Water Quality Coalition surface water quality 

program.  Surface water quality monitoring stations are shown on Figure A1-8. 

Surface Water Quality Monitoring Locations – Tule River 

Porter Slough at Road 192 

Surface water quality samples are collected from Porter Slough upstream of the discharge 

into the LTRID canal (see Figure A1-8).  This surface water monitoring site is located 

approximately eight miles northwest of Porterville, California. 

Tule River at Road 144 

Surface water quality samples are collected from the North Fork of the Tule River at Road 

144, approximately 3.5 miles northwest of Woodville, California. 

Tule River at Road 92 

Surface water quality samples are collected from the Tule River at Road 92, approximately 

four miles northwest of Tipton, California. 
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Surface Water Quality Monitoring Locations – Deer Creek 

Surface water samples are collected from the following locations in Deer Creek: 

Deer Creek at Road 248 

Located approximately 2.5 miles northeast of Terra Bella in the foothills of the Sierra 

Nevada Mountains.   

Deer Creek at Road 176 

Located at Trenton Weir.   

Deer Creek at Road 120 

Located approximately six miles southeast of Pixley, California at the Road 120 bridge. 

Surface Water Quality Monitoring Locations – White River 

Surface water quality samples are collected from the White River at Road 208 when flow occurs. 

2.6.2.3 Surface Water Quality Constituents 

Each surface water quality sample is analyzed by a State certified analytical laboratory for the 

constituents listed in Table A1-5.  In general, these constituents include electrical conductivity 

(EC), pH, dissolved oxygen (DO), E. Coli bacteria, total organic carbon (TOC), total suspended 

solids (TSS), total dissolved solids (TDS), turbidity, selected metals, hardness, ammonia, nitrate 

as N, orthophosphate, and phosphorus. 

2.6.3 Frequency of Measurement 

2.6.3.1 Stream Flow 

Stream flows at gaged stations and diversion points are measured on a continuous basis and 

electronically transmitted to the TRA/LTRID. 

For stream flows at locations with no established gage (e.g. Turnbull Weir and Porter Slough at 

192), a current meter measurement is made at least once every two weeks when flows occur.  An 

initial current meter measurement is made as soon as flow is detected and a final current meter 

measurement is made just prior to discontinuance of flow.  Current meter measurements are made 

when a major change in the stage of flow occurs whether the flow is an increase or a decrease.   
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2.6.3.2 Surface Water Quality 

Surface water quality samples are collected from all of the surface water quality monitoring 

locations shown on Figure A1-8 on a monthly basis when flow occurs. 

2.6.4 Stream Gage Calibration and Maintenance 

Manual readings are conducted at each active gaging station at least once per month in order to 

assess the accuracy of the gage reading to the rating curve.  Adjustments are made as necessary. 

All gaging stations undergo maintenance at least once per year to clean and backwash inlet pipes, 

clean and adjust recorder and appurtenances, check and repair time clocks, and repaint the station 

enclosures, as needed.  If the time is off more than one-half hour, or the pen is off more than 0.05 

feet, the recorder is reset to correct readings, the pen shall conform to the tape, and the drum shall 

be rolled for restarting the operation on a new coordinate with revised gage heights denoted. 

Gage sheets are reduced as readily as possible after removal from the recorder with additional 

notations made for assistance in subsequent reviews.  Such notations include estimated flows 

should the recorder provide an incomplete recording due to fouling, clock malfunction or if growth 

is observed in the channel. 
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3.0 Representative Monitoring §354.36 

3.1.1 Groundwater Levels 

A subset of groundwater level monitoring features in the monitoring plan have been identified as 

representative monitoring sites to be relied on for the purpose of assessing progress with respect 

to groundwater level sustainability in the subbasin.  The representative groundwater level 

monitoring sites are shown on Figure A1-2.  At least one representative groundwater level 

monitoring site has been identified within each management area.  Where possible based on 

available wells, representative monitoring sites have been chosen with perforations exclusively in 

either the Upper or Lower Aquifer.  To provide adequate spatial coverage of the subbasin, some 

representative monitoring sites include perforations across multiple aquifers until new monitoring 

features can be constructed.  Representative groundwater level monitoring wells will be equipped 

with pressure transducers to measure groundwater levels on a daily basis. 

3.1.2 Reduction of Groundwater Storage 

Changes in groundwater storage within the Tule Subbasin will be estimated using either of the 

methods identified in Section 3.6 of the Tule Subbasin Coordination Agreement.  Groundwater 

level data to be relied on for the change in groundwater storage estimates will be collected as 

described in Section 2.1 of this TSMP from the monitoring network shown on Figures A1-2 and 

A1-5.  As such, there are no single representative monitoring sites for evaluating progress with 

respect to groundwater sustainability as it relates to changes in groundwater storage in the 

subbasin. 

3.1.3 Seawater Intrusion 

Seawater intrusion cannot occur in the Tule Subbasin due to its location with respect to the Pacific 

Ocean (see Section 2.3 herein).  As such, representative monitoring sites for evaluating progress 

with respect to groundwater sustainability as it relates to seawater intrusion are not needed. 

3.1.4 Degraded Groundwater Quality 

Groundwater quality degradation in the Tule Subbasin is being monitored and regulated under the 

Irrigated Lands Regulatory Program (ILRP) and CV Salts.  Monitoring of groundwater quality as 

it relates to the sustainability of the Tule Subbasin is focused on potential changes in the direction 

and/or flow rate of existing point-source groundwater contaminant plumes.  These plumes have 

been identified and described in Section 2.2.4 of the Tule Subbasin Setting (Attachment 2 of the 

Tule Subbasin Coordination Agreement).  As changes in the movement of contaminant plumes 

occurs as a result of changes in groundwater levels, the representative monitoring sites identified 
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for groundwater levels (Section 3.1.1 herein) serve as proxy representative monitoring sites for the 

potential movement of existing groundwater contaminant plumes.  

3.1.5 Land Subsidence 

Representative monitoring sites for land subsidence within the Tule Subbasin consist of the 

network of GPS benchmark stations shown on Figure A1-7.  Land subsidence has been measured 

along the canal in the past and further land subsidence is considered an undesirable result as it 

restricts the ability to deliver water downstream of the area of subsidence.  Measured subsidence 

at these GPS stations will inform progress as it relates to arresting future land subsidence along 

the canal. 

3.1.6 Interconnected Surface Water 

As described in Section 2.2.7 of the Tule Subbasin Setting (Tule Subbasin Coordination 

Agreement Attachment 2), there are no interconnected surface water systems within the Tule 

Subbasin.  As such, representative monitoring sites for evaluating progress with respect to 

groundwater sustainability as it relates to interconnected surface water are not needed. 
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4.0 Assessment and Improvement of Monitoring Network §354.38 

The TSMP is both flexible and iterative, allowing for the addition or subtraction of monitoring 

features, as necessary, and to accommodate changes in monitoring frequency and alternative 

methodologies, as appropriate.   

4.1 Data Gaps §354.38 (b) 

4.1.1 Groundwater Monitoring Data Gaps 

Despite the number of existing monitoring wells that have been identified within the Tule 

Subbasin, there remain data gaps that, if addressed, would improve the ability to monitor 

groundwater level changes and flow patterns specific to the Upper and Lower aquifers.  The current 

data gaps relate primarily to spatial coverage of monitoring features necessary to prepare complete 

groundwater level contour maps specific to the Upper and Lower aquifers in the subbasin.   

In addition to groundwater level data gaps, there is a lack of aquifer parameter data, as obtained 

from controlled pumping tests of wells.  The groundwater flow model has been developed based 

predominantly on short-term pumping tests, which enable the development of estimates of aquifer 

transmissivity.  However, these tests are not as representative as long-term pumping tests (24-hr 

tests or longer).  Further, pumping tests where groundwater level interference is measured in 

nearby monitoring wells have not been conducted.  These tests enable the estimation of aquifer 

storage properties.  During the construction of new monitoring features, it is anticipated that long-

term pumping tests will be conducted to obtain aquifer parameter data specific to both the Upper 

and Lower aquifers.  Further, pumping tests will be planned, where feasible, on existing high-

capacity groundwater production wells. 

Recommended Monitoring Features and Testing to Address Data Gaps §354.38 (d) 

Identification of new monitoring well locations is an ongoing effort in the Tule Subbasin.  Potential 

areas for new wells to address groundwater level data gaps are shown on Figure A1-2 and 

described in Sections 2.1.1.1 and 2.1.1.2 herein.  The new monitoring wells, combined with 

existing monitoring wells, will improve the Tule Subbasin TAC’s ability to develop detailed and 

representative groundwater contour maps and provide a better network of calibration targets for 

the subbasin-wide groundwater model.  It is further anticipated that many of the new monitoring 

wells will eventually replace currently assigned representative monitoring sites. 

As described in Section 2.1.1.1 herein, some of the new monitoring wells will be constructed as 

nested wells with two casing installed in the same borehole, each perforated in a distinct aquifer 

and isolated with a seal to ensure measurement of data unique to either the Upper or Lower aquifer. 
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In order to address the aquifer parameter data gaps, it is recommended to conduct controlled, long-

term pumping tests in selected wells within the subbasin.  Tests should be conducted in wells 

perforated exclusively in the Upper Aquifer and exclusively in the Lower Aquifer.  Pumping wells 

will be selected near proposed monitoring wells in order to enable pumping interference 

measurements during the test.  Each test will consist of a 24-hr constant rate pumping test. 

4.1.2 Land Surface Monitoring Data Gaps 

InSAR data that cover the entire Tule Subbasin have been historically available and indicate areas 

where land subsidence has been occurring.  Confirmation of these data with more conventional 

land based survey methods such as GPS is ongoing.  The USGS has refurbished one extensometer, 

which is located approximately one mile north of Deer Creek along the Friant-Kern Canal and is 

included in this plan.  However, characteristics of aquifer system compaction in the northwestern 

portion of the subbasin, which is hydrogeologically different than the area where the existing 

extensometer is located, is unknown and represents a data gap. 

Recommended Monitoring Features to Address Land Surface Monitoring Data Gaps 

§354.38 (d) 

At least one new extensometer is recommended for the vicinity of the Homeland Canal at Highway 

43 in the northwest portion of the subbasin.  This instrument will provide the most accurate 

assessment of aquifer system compaction in the area of greatest subsidence in the subbasin. 

4.1.3 Surface Water Monitoring Data Gaps 

The following surface water monitoring data gaps have been identified for the Tule Subbasin: 

• Tule River near Porterville - Channel infiltration losses in the upper portion of the Tule 

River are currently calculated between the gage below Success Dam and the gage at the 

Rockford Station, which is a 10-mile stretch of the river.  It appears that more of the 

infiltration losses occur in the upper portion of the channel reach than in the lower.  An 

intermediate gage between the Poplar diversion and Woods Central would be beneficial to 

understand the volume of infiltration losses above and below this point. 
 

• Tule River at McCarthy Check - Channel infiltration losses between the Rockford Station 

and the Turnbull Weir are not well documented.  An additional gage at the McCarthy Check 

at Road 96 (see Figure A1-8) would provide additional information on the channel losses 

upstream of this point and between McCarthy Check and Turnbull Weir. 
 

• Deer Creek at Friant-Kern Canal – While the releases of imported water from the Friant-

Kern Canal to the Deer Creek channel are well documented, the channel infiltration losses 
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between the Friant-Kern Canal and the Trenton Weir are not.  An additional gage 

immediately upstream of the Friant-Kern Canal would enable the measurement of flows 

attributed to both imported water and natural stream flow as well as a better estimate of 

channel losses between these two points. 

 

• Deer Creek at Homeland Canal – Stream flows at the downstream end of Deer Creek 

periodically reaches, and are discharged to, the Homeland Canal (see Figure A1-8).  The 

nature and historical records of this discharge are not available and present a data gap for 

the surface water budget of the subbasin.  Further, a gage record at this location would 

provide information on streambed infiltration during periods of time when surface water 

in Deer Creek reaches Homeland Canal. 
 

• White River – Historical stream flow in the White River has been measured by the USGS 

at the gage near Ducor (see Figure A1-8).  However, this gage is no longer active leaving 

a data gap for the volume of surface water entering the subbasin from this river (current 

estimates of flow into the subbasin are based on correlations with flows of Deer Creek).  

Further, there are no established gages downstream of this point.   

Recommended Surface Water Monitoring Features to Fill the Data Gaps §354.38 (d) 

The following surface water monitoring features are recommended to address the surface water 

data gaps: 

• Tule River – Establish a rated section of channel, concrete weir structure and water stage 

recorder at an appropriate location between the Poplar diversion and the Rockford Station 

gage; and establish a rated section of channel, concrete weir structure and water stage 

recorder at the McCarthy Check. 
 

• Deer Creek – Establish a stream gage immediately upstream of the Friant-Kern Canal to 

enable the portion of flow in the channel attributed to native stream flow and the portion 

attributed to imported Central Valley Project releases.  Investigate the discharge structure 

at the Deer Creek inlet to Homeland Canal and develop a gaging station. 
 

• White River – Refurbish and reinstate the USGS gage immediately east of the Tule 

Subbasin boundary near Ducor.  Establish a rated section of channel, concrete weir 

structure and water stage recorder at Road 208 (if this has not already occurred). 
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5.0 Tule Subbasin Data Management System 

Efficient data management will be a critical aspect of the Coordination Agreement in order to 

ensure that each GSA can access the data needed to prepare their respective annual reports in a 

timely manner and to ensure that the Tule Subbasin TAC can meet deadlines for submittal of the 

coordinated reports.  Data to be managed will include: 

A. Historical data used as a basis for the Water Budget of the Tule Subbasin. 

B. Data to be collected in accordance with the Tule Subbasin Monitoring Plan. 

Both historical and future data collected as part of this TSMP will be stored in a single 

comprehensive electronic database.  This section satisfies § 352.6 of SGMA Regulations, which 

requires each agency to develop and maintain a data management system (DMS) that is capable 

of storing and reporting information relevant to the development and implementation of the plan 

and monitoring of the basin.  The following table outlines the sections of the Tule Subbasin DMS 

as they relate to the various components of the SGMA Regulations.  

Table A1-6 – Tule Subbasin DMS SGMA Requirements 

Tule Subbasin DMS SGMA Requirements 

SGMA Regulation 

Section No. 

Coordination Agreement 

Corresponding Section 
Description 

§ 352.4 Section 5.2 Data and Reporting Standards 

§ 352.6 Section 5 Data Management System 

§ 353.4 Section 5.2.4.2 Reporting Provisions 

§ 354.4 Section 5.2.4.2 Reporting Monitoring Data to the Department 

§ 356.2 Section 5.2.4.2 Annual Reports 

 

5.1 Overview of Tule Subbasin Data Management System 

The Data Management System will allow users to view program data in comparison with all 

publicly available data from federal, state, and local jurisdictions to make the most informed 

decisions. Users will be able to submit, query, view, and analyze data as needed.  The Tule 

Subbasin Data Management System (DMS) is comprised of two separate coordinated systems that 

include a SQL server and a web-based visualization platform. SQL will function as the storage 

and retrieval system to display the data in the web-based visualization platform.  Users will have 

access to data sets through the web-based platform, to export data, import data, and view data in a 

dashboard format. 
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Figure A1-9 Data Management System Overview 
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5.2 Functionality of the Data Management System 

The DMS will be comprised of various tools designed to assist GSAs in the development and 

implementation of their groundwater sustainability plans. At its Core, the DMS is a data storage 

system which grants users access to interact and upload data required to comply with SGMA 

regulations.  Guiding the implementation of the DMS are the rules laid out in the following 

sections. 

5.2.1 User and Data Access Permissions 

User data access and permissions will be based on the predetermined user type and data source by 

the system administrator. User types include: 

● System Admin - Users with this permission can perform all administrative functions. 

● SGMA End-User - Users with this permission can perform all APN / Parcel Level 

functions and have access to Basin Level and GSA Level Public Data. 

● End User Delegate - Users with this permission can perform all APN / Parcel 

Level functions and have access to Basin Level and GSA Level Public Data. 

● GSA Staff - Users with this permission can perform all Farm Level and GSA 

Level functions and have access to Basin Level Public Data. 

● GSA Manager - Users with this permission can perform all APN / Parcel Level 

and GSA Level functions and have access to Basin Level Public Data. 

● Public User - Users may view published data but cannot import or edit 

information  

Data viewing and access will be limited on geographic extent based on the user, such as a 

landowner will only be able to view data for land he/she owns or an administrator of the GSA can 

view data for the GSA he/she represents. Data from private or user sources will be protected in the 

system while publicly available data will be available basin wide. Data Source types include: 

● Public - Federal, State, or local published data 

● Private - District or agency specific data 

● Shared - SGMA data available for all users of DMS excluding public users 

● User - user specific data 

● DMS - Data available from other programs (IRLP) 

● Published - Data from SGMA/GSA sources available for public consumption 

 

5.2.2 Data Entry and Validation 

To encourage agency and user participation in the DMS, data entry and import tools are easy-to-

use, accessible via web-based interface, and help maintain data consistency and standardization. 
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The DMS allows GSA Administrators and Users to enter data either manually via easy-to-use 

interfaces, or through an import tool utilizing standardized Microsoft Excel templates, ensuring 

data may be entered into the DMS consistently. The data imported will require validation by the 

managing GSAs Administrators or Users using a number of quality control checks prior to final 

import into the DMS. All data included in the system will comply with data standards laid out in 

§ 352.4 of the SGMA Act. 

5.2.2.1 Data Collection 

The Tule Subbasin DMS is populated with data from various sources including public, private, 

contributing DMSs, and user data.  Data collected in accordance with the Tule Subbasin 

Monitoring Plan as well as data regarding key water management areas, include: 

● Precipitation 

● Evapotranspiration 

● Surface water flow 

● Groundwater levels 

● Groundwater quality 

● Groundwater extraction 

● Imported water deliveries 

● Managed recharge 

● Land surface elevation  

● Land Subsidence measurements 

5.2.2.2 Monitoring Data Entry (QA / QC) 

For purposes of this plan, quality assurance (QA) is defined as the integrated program designed to 

assure reliability of monitoring and measurement data. Quality control (QC) is defined as the 

routine application of specified procedures to obtain prescribed standards of performance in the 

monitoring and measurement process.  

Different monitoring protocols exist for the various data types stored in the DMS. Public sources 

included in the DMS as published from the source and referenced as such. User entry and private 

sourced data will be closely monitored for formatting and accuracy, in addition requiring chain of 

custody and acknowledgement of following protocols defined in the Monitoring Plan. These 

sources will be required to submit through pre-established forms to maintain the validity of the 

DMS. 

5.2.2.3 Data Validation 

Data Validation is required for non-public sources and will be performed in the following ways: 

● Standardized Form Input: meant to comply with what is required by law 
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● Using known possible values for a dataset: This would represent a baseline 

range of what can be typed into an input. Ex: Parcels Assessed Acreage vs 

Irrigated Acreage 

● Data/Field Normalization: Establishing unit consistency between datasets. The 

DMS will keep a normalized value behind the scenes for each variation of a 

reported unit. Regular Expressions on inputs to control the type/format of 

information being submitted to the DMS. 

● Outlier filtering: Outlier filtering when interacting with publicly available data 

or data that has been mass imported. Using Statistical Analysis methods, any 

statistical outliers will be filtered out of reports unless the end user opts to have 

them included.  

5.2.3 Visualizations and Analysis 

The DMS will host a robust visualization and analysis component to allow end users the ability 

to view and provide context to the data. This can be performed in Map and Tabular views, as 

shown in Figure A1-10.

Figure A1-10: DMS Data Visualization Example - Average Specific Conductivity by Year within the Tule 

Sub Basin.  

5.2.3.1 Map View 

Map view in the DMS will allow users to visualize data that has spatial characteristics (wells, 

stream gages, precipitation stations, etc). Figure A1-11 is an example of well data in the DMS. In 

map view users can scroll around the selected source data and click on the sites to bring up site 

specific information.  
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Figure A1-11: DMS Map View Example - Total Completed Well Depth Map 

5.2.3.2 List View 

List view presents all the data of a given dataset in tabular form. It will allow users to see all the 

data in the chosen data set and their attributes. Data is able to be filtered for specific attributes, 

geographic extent, and various other criteria. 

5.2.4 Query and Reporting 

Data in the DMS can be queried and reporting using various filtering and querying tools. The 

options are dependant on the source of the data. Reports can be prepared from the queried DMS 

for various formats based on the submitting agency. 

5.2.4.1 Ad-hoc Query 

As a relational database the DMS will have the ability to be queried by users with designed 

limitations for various end users (see section 5.2.1). Putting these limitations aside, any data 

included in the DMS can be queried based on the attributes which adhere to the data source  

(i.e data type, data source, parameters, geographic location, etc.).  See Figures A1-12 and A1-13 

for querying examples. 
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Figure A1-12: Ad Hoc Report Builder Designer View 

 

 Figure A1-13: Redacted Ad Hoc Query Builder Example 
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5.2.4.2 Standard Reports 

Standard report chart and table formats such as those included in the annual and 5-year reports can 

be generated utilizing the DMS. Additional reporting requirements can be created by end users. In 

order to provide end users with flexibility in reporting, the tools are intended to be self-serviced 

by the end-users. End-users will be able to create their own reports using data they have permission 

to access.  

If commonality is discovered between participating agencies, a Standardized report can be created 

and shared with all agencies that as required. All generated reports and reporting tools will be built 

to comply with § 352.4 of the SGMA Act. 

5.3 Data Included in the Data Management System 

Table A1-7:  Summary of Data included in DMS identifies the specific data type, the source of the 

data, and entry of the data in to the DMS. 

Table A1-7:  Summary of Data 

Data Type Source Name Entry Type 

Groundwater 

Quantity 

DWR Water Library Public Source 

DWR GICIMA Public Source 

CASGEM Public Source 

Irrigation Districts Private Source 

DCTRA Private Source 

TRA Private Source 

TBWQC DMS Transfer 

GSA'S 

> LTRID GSA User Entry 

> Pixley GSA User Entry 

> ET GSA User Entry 

> DEID GSA User Entry 

> Tri- County GSA User Entry 

 Tulare County GSA User Entry 
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> Alpaught GSA User Entry 

Groundwater 

Quality 

DWR Water Library Public Source 

GAMA Geotracker Public Source 

SCWRB Drinking Water Branch Public Source 

RWQCB Annual Reports Public Source 

TBWQC Public Source 

County of Tulare Public Source 

Surface Water 

Quantity 

Army Corps 

of Engineers 
 Public Source 

USGS Gaging 

Stations 
 Public Source 

Bureau of Reclamation Public Source 

Tule River 

Authority 
 Private Source 

DWR - CDEC Stations Public Source 

Surface Water 

Quality 

CA Environmental Data Exchange Public Source 

TBWQC DMS Transfer 

Friant Water Authority Public Source 

Corps of Engineers Public Source 

Precipitation 

DWR Public Source 

CIMIS Public Source 

Corps of Engineers Public Source 

TBD N/A 

Crop Data 

USDA Cropscape Public Source 

DWR-CADWR Public Source 

TBWQC Members DMS Transfer 

Irrigation Districts Public Source 

FMMP Public Source 

LandSAT Public Source 

Urban Cities Public Source 

Counties Public Source 
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Soil/Geology 

NRCS Public Source 

DWR Well Reports Public Source 

USGS Reports Public Source 

Subsidence 

USGS Public Source 

TBWQC Public Source 

UNAVCO Public Source 

Groundwater 

Extraction 

Well Meters TBD 

ET Data DMS Transfer 

LanSAT Metric DMS Transfer 

Surface Water Use Irrigation Districts Private Source 

TRA Private Source 

Future Sources DAC/DUC IRWM Info Private Source 

Well Data Well Completion Reports Annually 

Physical Well Info TBD 
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Note:

1. Not to Scale.
2. Centralizers to be placed every 60 ft in screened sections only.
3. Casing to include at least one compression section.
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Note:

1. Not to Scale.
2. Centralizers to be placed every 60 ft in screened sections onlu.
3. Each casing to include at least one compression section.
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Figure A1-5

Conceptual Lower Aquifer Well

Construction Diagram 

20 ft

250 - 650 ft

400 - 1,000 ft

1. Not to Scale.
2. Centralizers to be placed every 60 ft in screened sections only.
3. Casing to include at least one compression section.



Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community

NAD 83 State Plane Zone 4 Figure A1-6
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Tule Subbasin

Tule Subbasin Monitoring Plan
Table A1-1

CASGEM

State Well Number

Short

State Well Number

Well Name/

Well Log
Owner

Borehole

Depth

(ft bgs)

Casing 

Depth

(ft bgs)

Top of 

Perforations

(ft bgs)

Bottom of 

Perforations

(ft bgs)

Aquifer
1 Groundwater

Level Record

X-Coordinate
2

(ft)

Y-Coordinate
3

(ft)

21S23E32K001M 21S/23E-32K01 32K01 N/A
4

N/A
5 406 104 402 U 1973 - 2016 6412096 1903994

21S24E35A001M 21S/24E-35A01 35A01 N/A 328 328 245 302 U 1954 - 2018 6461001 1906318

21S25E03R001M 21S/25E-03R01 03R01 N/A 328 274 145 238 U 1961 - 2016 6487724 1929460

N/A 21S/26E-34 Poplar CSD N/A 400 400 120 400 U N/A 6519268 1903301

22S26E13R001M 22S/26E-13R01 13R01 N/A 385 380 240 380 U 1960 - 2017 6529369 1886156

22S27E13A001M 22S/27E-13A01 13A01 Robert Job 400 400 120 380 U 1945 - 2017 6561151 1890683

23S24E28J002M 23S/24E-28J02 28J02 N/A 500 500 200 500 U 1953 - 2017 6450366 1846351

23S25E16N004M 23S/25E-16N04 16N04 USGS 250 240 200 240 U 1959 - 1982 6476961 1854788

24S26E04P001M 24S/26E-04P01 04P01 N/A 402 393 216 393 U 1979 - 2014 6511204 1834634

N/A 22S/23E-25C01 E20 Angiola W.D. 500 490 240 480 U 2008 - 2017 6430745 1880707

N/A N/A C-1 City of Porterville 330 240 120 240 U 1982 - 2017 6557099 1909024

N/A N/A R-11 City of Porterville 216 216 0 216 U 1984 - 2016 6531833 1909116

N/A N/A M-19 DEID 810 N/A 200 350 U 2017 6505880 1830731

22S24E23J001M 22S/24E-23J01 23J01 N/A 400 N/A N/A N/A U 1947 - 2013 6461034 1883355

22S25E25N001M 22S/25E-25N01 25N01 N/A 437 N/A N/A N/A U 1959 - 2018 6494108 1875965

N/A 24S/23E-22E01 22E01 N/A N/A N/A N/A N/A U 1980 - 2007 6419302 1820863

24S26E32G001M 24S/26E-32G01 32G01 N/A 470 N/A N/A N/A U 1932 - 2009 6507272 1810870

N/A 21S/26E-32B02 E049930 Jeremy Blackwell N/A 280 200 260 U N/A 6507607 1906658

N/A 24S/25E-35H01 1095774 Jonathan Martin N/A 340 160 320 U N/A 6489675 1809760

N/A 23S/26E-29D01 E0119660 N/A N/A 300 160 300 U N/A 6504558 1847673

N/A 21S/27E-18M01 360725 David Fenn N/A 300 150 300 U N/A 6535326 1921533

N/A N/A TSMW 5U Tule Subbasin TAC 310 285 170 280 U 2020 - 2021 6413232 1823570

N/A N/A TSS PIDGSA-01 U Tule Subbasin TAC 1,020 260 180 250 U 2021 6492776 1857661

N/A 23S/25E-08G01 08G01 N/A N/A 420 320 420 U 2021 6471859 1863508

N/A N/A LTRID TSS U Tule Subbasin TAC 1525 290 150 280 U 2020 - 2021 6469280 1930833

N/A N/A 21S/23E-31 N/A N/A 400 200 400 U 2021 6408325 1907222

N/A N/A 36201 N/A N/A 399 301 399 U 2003 - 2011 6521736 1830641

Notes:
1 U = Well Perforated in Upper Aquifer
2 X-Coordinates in State Plane Zone 4 (feet)
3 Y-Coordinates in State Plane Zone 4 (feet)
4 N/A = Not Available

Summary of Existing Upper Aquifer RMS Wells

Page 1 of 1 July 2022
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Tule Subbasin Monitoring Plan
Table A1-2

CASGEM

State Well Number

Short

State Well Number

Well Name/

Well Log
Owner

Borehole

Depth

(ft bgs)

Casing

Depth

(ft bgs)

Top of 

Perforations

(ft bgs)

Bottom of 

Perforations

(ft bgs)

Aquifer
1 Groundwater

Level Record

X-Coordinate
2

(ft)

Y-Coordinate
3

(ft)

22S24E01Q001M 22S/24E-01Q01 01Q01 N/A
4 720 700 480 700 C 1963 - 2016 6465168 1896727

24S24E03A001M 24S/24E-03A01 03A01 N/A 1,602 1,602 804 1,602 L 1961 - 2014 6455570 1838610

N/A
5 22S/23E-27F01 G13 Angiola W.D. N/A 1,604 782 1,604 L 1962 - 2017 6420049 1878149

N/A E0117919 M-19 DEID 810 N/A 705 805 L 2017 6505880 1830731

N/A 22S/23E-07 E0094101 Artesia Dairy Farm 1,020 1,000 660 1,000 L N/A 6408375 1891526

N/A 22S/26E-24 E0094537 Gill & Sons Farm 1,270 1,240 670 1,220 L N/A 6529798 1881999

N/A 23S/26E-23R01 23R01 A.L.G. Enterprises 1,720 1,700 600 1,700 L N/A 6523098 1849144

24S23E22R002M 24S/23E-22R02 22R02 N/A 1,205 1,200 500 1,200 L N/A 6423826 1817704

N/A N/A C-16 N/A 560 548 240 548 C N/A 6546906 1912287

N/A N/A E0090245 N/A N/A 680 320 680 L N/A 6507628 1933560

N/A N/A 489110 Richgrove CSD N/A 850 480 830 C N/A 6530537 1812175

N/A N/A E0155481 Jeremy Blackwell N/A 1,500 1,090 1,500 L N/A 6553106 1821699

N/A 23S/27E-27 925804 Tom Day N/A 1,405 1,035 1,385 SM N/A 6546617 1843950

N/A N/A E0084286 Doug Van Beek N/A 650 320 640 L N/A 6493618 1905179

N/A N/A E0259438 George Rispens N/A 840 340 840 C N/A 6475060 1883261

23S23E25N001M 23S/23E-25N01 25N01 N/A N/A N/A N/A N/A L 1990 - 2017 6429320 1845090

N/A N/A Well 55 Alpaugh I.D. N/A 1459 707 1459 L 2014 - 2021 6432067 1849112

N/A N/A TSMW 5L Tule Subbasin TAC 1,010 955 670 950 L 2020 - 2021 6413230 1823473

N/A N/A LTRID TSS M Tule Subbasin TAC 1,525 815 610 805 L 2020 - 2021 6469276 1930846

N/A N/A LTRID TSS L Tule Subbasin TAC 1,525 1480 1100 1470 L 2020 - 2021 6469280 1930941

N/A N/A TSS PIGDSA-01 L Tule Subbasin TAC 1,020 1015 400 1005 L 2021 6492772 1857661

N/A 23S/25E-36H01 36H01 N/A N/A 600 360 600 L 2021 6497755 1841331

N/A 25S/26E-09C01 09C01 N/A N/A 1002 450 1002 L 2021 6509077 1797598

N/A 24S/27E-32M01 32M01 N/A N/A 1800 1002 1800 SM 2013 - 2022 6536532 1808343

N/A N/A TSMW 6L Tule Subbasin TAC 610 605 350 600 L 2020 - 2021 6539199 1822265

N/A N/A TSMW 6SM Tule Subbasin TAC 2,000 1955 1600 1950 SM 2020 - 2021 6539197 1822172

N/A N/A TSMW 1L Tule Subbasin TAC 1,010 1005 550 1000 L 2021 6455531 1866659

N/A N/A E0174371 N/A N/A 800 300 800 C 2020 - 2021 6487403 1846609

N/A 23S/28E-04K01 04K01 N/A N/A 530 160 530 C 2020 - 2021 6573264 1865684

Notes:
1 L = Well Perforated in Lower Aquifer

C = Well Perforated Across Multiple Aquifers (i.e. Composite)

SM = Well Perforated in Santa Margarita Aquifer
2 X-Coordinates in State Plane Zone 4 (feet)
3 Y-Coordinates in State Plane Zone 4 (feet)
4 N/A = Not Available

Summary of Existing Lower Aquifer RMS Wells

Page 1 of 1 July 2022



Tule Subbasin

Tule Subbasin Monitoring Plan
Table A1-3

Field Analysis Units Laboratory Analysis Units Field Analysis Units Laboratory Analysis Units

Electrical Conductivity

 (EC)
μmhos/cm

1

(at 25˚C)
Nitrate as N mg/L

Electrical Conductivity

(EC)

μmhos/cm

(at 25˚C)

Total Dissolved Solids

(TDS)
mg/L

pH Standard Unit - - pH Standard Unit Nitrate as N mg/L

Dissolved Oxygen (DO) mg/L
2 - - Dissolved Oxygen (DO) mg/L Carbonate mg/L

Temperature ˚C
3 - - Temperature ˚C Bicarbonate mg/L

- - - - - - Chloride mg/L

- - - - - - Sulfate mg/L

- - - - - - Boron mg/L

- - - - - - Calcium mg/L

- - - - - - Sodium mg/L

- - - - - - Magnesium mg/L

- - - - - - Potassium mg/L

Notes:
1 μmhos/cm = micromhos per centimeter
2

mg/L = milligrams per liter
3

˚C = Degrees Celcius

Groundwater Quality Trend Monitoring Constituents

Annual Sampling Five Year Sampling

1 of 1 July 2022



Tule Subbasin

Tule Subbasin Monitoring Plan
Table A1-4

River Stream Gage

Location 

(Latitude,

Longitude)

Period of 

Record
Gage Type Comments

Success Dam
Lat 36º 03' 23", 

Long 118º 55' 22"

October 1953 - 

Present
Water stage recorder

The discharge at this station is controlled by the release from 

Success Reservoir.  The recorder is operated and maintained by the 

U.S. Army Corps of Engineers.

Rockford Station
Lat. 36º 04' 40", 

Long 119º 06' 22"

February 1957 - 

Present

Concrete weir equipped 

with a water stage 

recorder

The recorder is operated and maintained by the Tule River 

Association.

Turnbull Weir
Lat 36º 03' 4", 

Long 119º 30'
1942 - Present

Rated section of the 

natural channel equipped 

with a staff gage

Records currently maintained by the TRA with the assistance of 

Downstream Kaweah and Tule Rivers Association.  Manual 

measurements of stream velocity and stage are conducted by 

LTRID. 

Friant-Kern Canal 

Discharge into the Tule 

River

Lat. 36º 04' 25", 

Long 119º 05' 15"

June 1950 - 

Present

Modified 20 ft parshall 

flume

Records are furnished by the U.S. Bureau of Reclamation. 

Friant-Kern Canal 

Discharge into the 

Porter Slough

Lat. 36º 05' 00", 

Long. 119º 04' 50"

June 1950 - 

Present
15 ft rectangular weir

Records are furnished by the U.S. Bureau of Reclamation. 

Deer Creek at Fountain 

Springs
Lat 35º 56' 30", 

Long 118º 49' 19"
1968 - Present Water stage recorder

Gage operated, managed and data collected by the USGS. 

Deer Creek at Trenton 

Weir*

Lat 36° 56' 46", 

Long 119° 10' 52"
N/A

Concrete weir equipped 

with a water stage 

recorder

Records currently maintained by the U.S. Army Corps of Engineers.  

Deer Creek at 

Homeland Canal
N/A

1 N/A N/A

White River Road 208*
Lat 35° 51' 32",

Long 119° 6' 28"
N/A N/A

Streamflow in this river is currently monitored manually at Road 208 

by the Tule Basin Water Quality Coalition and Delano-Earlimart 

Irrigation District. 

Notes:
1 N/A = Not Available

* Latitude and Longitude are estimated from ArcGIS for Deer Creek at Trenton Weir and at Road 208 along the White River. All other latitude and

    longitude measurements are reported by the United States Geological Survey.

Stream Gages in the Tule Subbasin

Tule River

Deer Creek

1 of 1 July 2022
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Tule Subbasin Monitoring Plan
Table A1-5

Constituent Units
Trigger 

Limit

Tule River

Poplar Avenue

(2004 - 2005)

Deer Creek

Road 248

(2010 - 2013)

White River

Road 208

(2011)

Electrical Conductivity μS/cm
1 1,000.00 67.7 - 157.8 148 - 284 272 - 304

pH n/a
6 6.5 - 8.3 7.02 - 8.94 7.7 - 8.9 8.18 - 9.03

Total Dissolved Oxygen mg/L
2 min. 7.0 6.3 - 9.4 7.0 - 11.1 8.94 - 10.64

E. Coli MPN
5
/100 mL 235.00 n/a 81.3 - 2,419 980.40

Total Organic Carbon mg/L n/a 0.58 - 6.77 1.65 - 7.2 6.2 - 8.7

Hardness (as CaCO3) n/a n/a 22.4 - 66.6 51.5 - 95.5 97.8 - 109.0

Total Suspended Solids mg/L n/a n/a 4.75 - 574 73.3 - 91.0

Total Dissolved Solids mg/L 450.00 50.0 - 120.0 99 - 398 180 - 211

Turbidity NTU
4 n/a 4.4 - 35 1.58 - 12.0 55.8 - 86.9

Arsenic μg/L
3 10 1.47 - 2.37 1.71 - 2.36 n/a

Boron μg/L 700.00 19 - 38 28.6 - 93.7 n/a

Cadmium (Total) μg/L 5 0.011 - 0.050 0.03 - 0.2 n/a

Copper (Total) μg/L 1,300.00 3.54 - 5.93 1.58 - 3.82 n/a

Lead (Total) μg/L 15.00 0.23 - 0.81 0.32 - 5.43 n/a

Molybdenum (Total) μg/L 10 / 35 n/a 0.0044 - 0.0082 n/a

Nickel (Total) μg/L 100.00 0.47 - 2.23 0.51 - 3.84 n/a

Selenium (Total) μg/L 50.00 0.36 1.0 - 2.0 n/a

Zinc (Total) μg/L n/a 2.54 - 6.19 4.86 - 34.5 n/a

Phosphorus as P mg/L n/a 21.1 - 64.1 0.01 - 0.014 0.06 - 0.34

Ammonia mg/L 1.50 0.07 0.05 - 0.028 0.069 - 0.20

Nitrate as N mg/L 10.00 0.07 - 0.30 0.03 - 1.00 0.70 - 2.90

Orthophosphate as P mg/L n/a 0.01 - 0.16 0.03 - 0.022 0.23 - 0.84

Phosphorus as P mg/L n/a 21.1 - 64.1 0.01 - 0.014 0.06 - 0.34

Notes:
1

μS/cm = microsiemen per centimeter
2

mg/L = milligrams per liter
3

μg/L = micrograms per liter
4

NTU = Nephelometric Turbidity Unit
5

MPN = Most Probable Number
6

n/a = Not Available

Surface Water Quality Constituents for Analysis

1 of 1 July 2022
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Driller’s Logs and Hydrographs for Existing Lower Aquifer Wells 
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Appendix C  

Groundwater Level Field Measurement Form 

 

 

 

 

 

 

 

 

 

 

 

 

 



Field Groundwater Level Measurements

Checked By:

Project: Field Personnel:

Reference 

Point Elevation 

(ft)

Depth To 

Groundwater 

(ft)

Well Name/ Number:

Sheet ______ of ________

Groundwater 

Elevation (ft)

Instrument 

Type 
Well Name/Owner Date Time
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Chalk/Tape Groundwater Level Measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chalk/Tape Groundwater Level Measurements

A B C D E F G

Well Name/Owner Date Time

Sheet ______ of ________

Recorded By:

Reference 

Point 

Elevation (ft)

Depth To 

Groundwater 

(ft)

(E - F)

Tape 

Measurement at 

Reference Point

Chalk 

Measurement

Groundwater 

Elevation (ft)

(D - G)

H
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Quality Assurance Project Plan 
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 B.1.19 Safety for Stream and Canal Sampling 
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B.2: Aquatic Bioassay Consulting Laboratory Standard Operating Procedures 
 B.2.1 Chronic Toxicity (Algae) 
 B.2.2 Acute Toxicity (Water Flea) 
 B.2.3 Acute Toxicity (Fathead Minnow) 
 B.2.4 Sediment Toxicity (Hyalella azteca) 
 

 B.3: Pacific EcoRisk Laboratory Standard Operating Procedures 

 B.3.1 Chronic Toxicity (Algae) 
 B.3.2 Acute Toxicity (Water Flea) 
 B.3.3 Acute Toxicity (Fathead Minnow) 
 B.3.4 Sediment Toxicity (Hyalella azteca) 
 

Appendix C: Certifications 

 C.1: BSK Associates ELAP and NELAP Certificates 
 C.2: ABC Laboratory ELAP Certificate 
 C.3: PER Laboratory ELAP and NELAP Certificates 
 

Appendix D: Quality Assurance Manuals (Proprietary, excluded from public release) 

 D.1: BSK Associates Quality Assurance Manual (QAM) 
 D.2: ABC Laboratory Quality Assurance Manual (QAM) 
 D.3: PER Laboratory Quality Assurance Manual (QAM) 
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ELEMENT 3:  DISTRIBUTION LIST 

 
Coalition Contacts: 
 
R.L. Schafer 
Tule Basin Water Quality Coalition 
2904 W. Main Street 
Visalia, CA  93291 
559-627-2948 
rschafer@rlsmap.com 
 
David De Groot 
4Creeks, Inc. 
324 S. Sante Fe, Suite A 
Visalia, CA 93292 
(559) 802-3052 
davidd@4-creeks.com 
 
Laboratory Contacts:   
 
BSK Associates 
Belinda C. Vega 
Laboratory Director 
1414 Stanislaus 
Fresno, CA  93706 
559-497-2888 x 133 
mvega@bskassociates.com 
 
BSK Associates 
Michael Ng 
Quality Assurance Manager 
1414 Stanislaus 
Fresno, CA  93706 
559-497-2888 x 118 
mng@bskassociates.com 
 
BSK Associates 
Stephane Maupas 
Project Management Supervisor 
1414 Stanislaus 
Fresno, CA  93706 
559-497-2888 x 212 
smaupas@bskassociates.com 
 

Appendix E

mailto:mvega@bskassociates.com
mailto:rrangell@bskinc.com
mailto:smaupas@bskassociates.com


QAPP Recipients 

 
Patrick Pulupa 
Executive Officer 
Central Valley Regional Water Quality Control Board 
11020 Sun Center Drive, Suite 200 
Rancho Cordova, CA  95670 
 
Clay Rodgers 
Central Valley Regional Water Quality Control Board 
Fresno Office 
1685 E Street 
Fresno, CA  93706 
 
R.L. Schafer 
2904 W. Main Street 
Visalia, CA 93291 
 
4 Creeks 
324 S. Sante Fe, Suite A 
Visalia, CA 93292 
 
BSK Associates 
1414 Stanislaus Street 
Fresno, CA  93706 
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ELEMENT 4:  PROJECT ORGANIZATION 

 
Personnel 
 
R.L. Schafer 
Program Lead 
Tule Basin Water Quality Coalition 
  

Mr. Schafer graduated from the University of South Dakota, School of Mines and 
Technology in 1951, attended graduate school in the University of California and is a 
registered civil engineer in six states. Mr. Schafer specializes in water rights, hydrology, 
hydraulics & hydrography, water distribution systems, canals, pipelines and related 
structures; domestic water systems; well construction and equipment; drainage systems and 
flood control works. Mr. Schafer also directs land development projects, subdivisions of 
properties, topographic and boundary surveys and mapping thereof. Mr. Schafer has over 55 
years of professional civil engineering experience representing private sector clients and 
numerous public districts in the San Joaquin Valley. Mr. Schafer has served as the 
Watermaster/Secretary of the Tule River Association since 1962, is a member of the Tulare 
County Water Commission, the Coordinator of the Tule Basin Water Quality Coalition, and is 
currently coordinating the formation and implementation of the Sustainable Groundwater 
Management Act in the Tule Sub-Basin. 
 
 
David De Groot 
Project Manager, Technical Lead  
4Creeks, Inc. 
  

Mr. De Groot graduated from Calvin College located in Grand Rapids, Michigan with 
his B.S. in Civil Engineering and is a registered civil engineer in the State of California. Mr. De 
Groot specializes in agriculture and water resource engineering, including hydrology, 
hydraulics, water distribution systems, canals, pipelines, waste management systems, 
irrigation systems, dairy design, and environmental permitting for agriculture and water 
related projects. Mr. De Groot has 13 years of professional engineering experience and 
represents many private clients and public districts within the Central Valley of California. 
Mr. De Groot is the Assistant Watermaster of the Tule River Association since 2009 and is 
the Technical Lead of the Tule Basin Water Quality Coalition. 
 
 
Michelle Parker 
QA Manager, Laboratory Coordinator 
R.L. Schafer & Associates 
   

Mrs. Parker has served as the Executive Assistant to R. L. Schafer and Office Manager 
of R. L. Schafer & Associates for 25 years, Treasurer of the Tule River Association with the 
responsibility for the preparation of all reports for the Tule River, along with preparation of 
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the Tule River Association Annual Reports. Mrs. Parker also serves as the Treasurer, 
Enrollment Administrator and Quality Assurance Manager for the Tule Basin Water Quality 
Coalition. As the QA Manager for the Coalition, Ms. Parker has the responsibility for 
maintaining and distributing the official approved QAPP. 
 
 
Belinda C. Vega, Laboratory Director 
Program Manager, BSK Associates 
  

Ms. Vega is the Laboratory Director of BSK Associates’ (BSK) analytical laboratory in 
Fresno, CA. Ms. Vega received her B.S. in Environmental Resources Engineering from 
Humboldt State University and has been with BSK Associates since 2018. Prior to working 
with BSK, Ms. Vega served as the V.P. of Operations for Torrent Laboratory.  She has also 
served as General Manager for Test America and President of EMLab P&K.  For the purposes 
of this QAPP, Ms. Vega will act as the Program Manager for the sampling and analytical 
services performed in accordance with this QAPP. Ms. Vega’s responsibility in this role will 
be to understand the plan requirements and work in conjunction with the Coalition contacts 
to ensure those requirements are met by the primary and subcontract laboratories. 

 

Michael Ng, Quality Assurance Manager 
QA Manager, BSK Associates 

 
Mr. Ng is the Quality Assurance (QA) Manager at BSK’s Fresno Analytical Laboratory 

(BSK Labs). Mr. Ng received his M.S. Chemistry from California State University, Los Angeles, 
and has over 30 years of experience in environmental laboratory industry. He will be acting 
in the role of quality assurance to ensure that all data produced by BSK are of a known and 
documented quality, consistent with standard industry practices and the State’s 
Environmental Laboratory Accreditation Program. Mr. Ng will be the primary point of 
contact for all matters related to the laboratory quality system and data quality concerns. 

 

Stephane Maupas, Project Management and Acquisition Manager 
Project Manager, BSK Associates 

 
Mr. Maupas is the Project Management and Acquisition Manager at BSK’s Fresno 

Analytical Laboratory (BSK Labs). Mr. Maupas received his B.S. Chemistry from California 
Polytechnic State University, San Luis Obispo, and has over 20 years of experience in 
environmental laboratory industry. He will be acting in the role of Laboratory Project 
Manager to ensure that each sampling and analytical event is performed in accordance with 
program requirements. Mr. Maupas will be the primary point of contact for the Coalition 
personnel, coordinating the field sampling events and analytical testing required by each 
monitoring event. 
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Contracted Laboratories  
 

The COALITION has contracted with the following laboratories for chemical testing, 
toxicity testing, and sampling services. Sub-contracting laboratories are mentioned under 
each primary laboratory. 
 
BSK Associates (BSK) 

Fresno Analytical Laboratory 
 1414 Stanislaus St 
 Fresno, CA  93706 
 (559) 497-2888 
 (559) 485-6935 fax 
 www.bskassociates.com 
 

BSK provides testing services for the chemistry and microbiology samples for Tule 
Basin Water Quality Coalition as well as the sampling services at all surface water monitoring 
sites. 
 
Aquatic Bioassay and Consulting (ABC) 

29 N. Olive St. 
Ventura, CA 93001 
(805) 643-5621 
(805) 643-2930 fax 
www.aquaticbioassay.com 

 
 ABC will provide the aquatic toxicity testing for the Coalition. ABC has been providing 
this service for the COALITION over the last several years either directly or indirectly when 
the district was part of the former Southern San Joaquin Valley Water Quality Coalition. ABC 
will serve in a subcontract role (SUBCONTRACT LABORATORY) to BSK. 
 

In the event that BSK determines that the service provided by the SUBCONTRACT 
LABORATORY is inadequate to meet the data quality or scheduling needs of the COALITION, 
BSK may elect to redirect the aquatic toxicity testing to an alternate provider, namely, Pacific 
EcoRisk Laboratory. Similar to ABC Laboratory, Pacific EcoRisk is California ELAP certified 
and can perform aquatic toxicity testing that meets the data quality objectives of this QAPP. 
 
Pacific EcoRisk Environmental Consulting and Testing (PER) 
 2250 Cordelia Road 
 Fairfield, CA 94534 
 (707) 207-7760 
 (707) 207-7916 fax 
 www.pacificecorisk.com 
  

Should it become necessary to utilize any other subcontract laboratories other than 
ABC and PER, BSK will inform the COALITION as to the need for the change and provide a 
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letter for submission to the Regional Board to document the necessary deviation from the 
QAPP and to identify the new subcontract laboratories. 
 
 Laboratories used by the Coalition will be certified at a minimum under the California 
Environmental Laboratory Accreditation Program (ELAP). The laboratories listed in the 
QAPP will meet all Quality Assurance and Control requirements provided in this document. 
The selection of sub-contractors by a contracted lab must first be approved by the Coalition, 
and such sub-contractors must abide by the conditions set forth by the Regional Board and 
this QAPP document. 
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Figure 1. Organizational Chart 
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ELEMENT 5:  PROBLEM DESCRIPTION AND BACKGROUND 

 
Introduction  
 
 It is known that some waters of the State are negatively impacted by discharges from 
agricultural lands.  Said discharges are likely to contain applied pesticides or chemical 
fertilizers that negatively impact the water quality and ecosystems present within the 
receiving waters. The TBWQC has conducted chemical and physical parameter testing of 
surface waters since 2004 on representative waterways within its boundaries, initially as 
part of the now dissolved Southern San Joaquin Valley Water Quality Coalition (SSJVWQC) 
and are currently under the California Regional Water Quality Control Board General Order 
R5-2013-0120. 
  

The hydrology of the Coalition is one where surface water supplies are frequently 
limited, and when available in the case of Tule River, are only released from Success 
Reservoir to satisfy irrigation demands or flood-control. Groundwater is used by landowners 
where surface delivery infrastructure does not exist or when the public districts are unable 
to deliver irrigation water on the farmer’s irrigation schedule. 
 
 This Plan is designed to monitor the constituents in Waters of the State, determine 
exceedances (if any), trace the source, under the Surface Water Monitoring Plan and the 
Groundwater Quality Trend Monitoring Workplan of the TBWQC, alter the Management 
Practices used to reduce/eliminate the exceedance. The Plan is further designed to provide 
groundwater quality (constituent) analyses as required by Order R5-2013-0120. 
 
Project Objectives 
 
 In accordance with the requirements of the California Water Code, the Irrigated Lands 
Regulatory Program’s Monitoring and Reporting Program Plan (MRP), the General Order 
objectives  are to (1) categorize the current condition of the water of the state within the 
jurisdictional boundaries of the Coalition, (2) to identify any potential sources of pollutants 
that may contribute to the degradation of the water of the State, and, if identified, (3) to 
prevent further degradation (if any) of such water of the State as may be caused by irrigated 
agriculture through the implementation, where feasible, of management plans that prevent 
future negative impacts and eventual recovery of the waters to acceptable conditions that 
are protective of the identified beneficial uses. 
 
Approaches Used 
  
 To achieve these objectives, the Coalition has implemented a Surface Water 
Monitoring Plan (SWMP) and a Groundwater Quality Trend Monitoring Workplan (GQTMW) 
with selected representative monitoring sites/wells within the TBWQC. Testing is done for 
physical and chemical constituents related to agricultural practices common to the region 
surrounding the monitoring site. 
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 Surface water monitoring consists of monthly collection of samples at sites within 
natural channels that represent the beginning of irrigated agriculture, location of historic 
gaging stations, downstream of all sources of flow entering the waterway and other general 
conditions. When water is not present at the surface water sampling sites, monthly photo 
documentation of the monitoring sites are conducted. To maximize the occasions for surface 
water samples, Coalition personnel will monitor both the local agricultural irrigation 
schedules and the regional weather forecasts.  During periods of active irrigation, regular 
stream flows or significant precipitation, the Coalition will conduct its monitoring events, 
but at the least monthly. 
 

Groundwater monitoring consists of annual collection of samples from wells that are 
chosen to reflect the quality, as determined by the Coalition’s Groundwater Quality Trend 
Monitoring Workplan (GQTMW) that employs wells in the upper most zone of first 
encountered groundwater as described in the Irrigated Lands Regulatory Program’s MRP. 
Depth to groundwater measurements wells are conducted twice per year: during the Spring, 
normally during February for seasonal high data; and during the Fall, normally in October, 
for seasonal low data. 
 
Regulatory Information 
 
 The Coalition covers essentially the center of the Tulare Lake Basin. The State has 
recognized that the conditions present within this Basin are distinctly different from the 
conditions found in the San Joaquin or Sacramento River Basins, and that the Tulare Lake 
Basin is closed and isolated from the San Joaquin-Sacramento River delta under normal 
hydrologic circumstances. As such, a separate basin plan was developed to address the 
Tulare Lake Basin.   
 

Table 1 and Table 2 provide the Basin Plan Objectives (BPO) for surface water and 
groundwater, respectively, of the Tulare Lake Basin, as well as the spectrum of chemistries 
tested under the current monitoring and reporting program (MRP). Some of the BPO’s for 
water quality are derived  from standards in Title 22 of the California Code of Regulation. 
Many of the constituents listed do not have official numerical limits in place, although the 
interpretation of the narrative would lead to a zero tolerance. 
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Table 1:  MRP Chemistries Tested for and BPOs for Tulare Lake Basin Surface 
Waters 

  BASIN 
PLAN 

OBJECTIVE 

    BASIN PLAN 
OBJECTIVE 

  

CONSTITUENT UNITS CONSTITUENT UNITS 

Field Measurements     
Pesticides and 
303(d) 
Parameters 

    

Flow - cfs 
2,4-D Acids & 
Salts 

0.45 ug/L 

EC 700 umhos/cm Acetamiprid 0.01 ug/L 

Temperature Variable ºC Aldicarb 3 ug/L 

pH 6.5 – 8.3 pH units Atrazine 1 ug/L 

Dissolved Oxygen 5-7 (W/C) mg/L Azinphos-methyl 0.01 ug/L 

      Captan 0.01 ug/L 

Drinking Water     Carbaryl 2.53 ug/L 

E. Coli 235 MPN/100mL Carbofuran 0.5 ug/L 

TOC NA mg/L Chloropicrin 8.5 ug/L 

      Chlorothalonil 0.025 ug/L 

General Physical     Chlorpyrifos 0.015 ug/L 

Hardness NA mg/L Clothianidin 0.01 ug/L 

TSS NA mg/L Cyanazine 1 ug/L 

Turbidity Variable NTU DDD 0.001 ug/L 

      DDE 0.001 ug/L 

Metals     DDT 0.001 ug/L 

Arsenic 10 ug/L Demeton-s NA ug/L 

Arsenic (Dissolved) 150 ug/L Diazinon 0.1 ug/L 

Boron 700 ug/L Dichlorvos 0.085 ug/L 

Cadmium Variable ug/L Dicofol NA ug/L 

Copper Variable ug/L Dieldrin 0.056 ug/L 

Lead Variable ug/L Dimethoate 1 ug/L 

Molybdenum 10 ug/L Disulfoton 0.05 ug/L 

Nickel Variable ug/L Diuron 2 ug/L 

Selenium 5 ug/L Endrin 0.036 ug/L 

Zinc Variable ug/L Glyphosate 700 ug/L 

      Imidacloprid 0.002 ug/L 

Nutrients     Linuron 1.4 ug/L 

Ammonia-N 0.025 mg/L Malathion 0.1 ug/L 

Nitrate-N 10 mg/L Mancozeb 1 ug/L 

Nitrite-N 1 mg/L Methamidophos 0.35 ug/L 

Orthophosphate-P NA mg/L Methidathion 0.7 ug/L 

      Methiocarb 5 ug/L 

Water Toxicity     Methomyl 0.52 ug/L 

Ceriodaphnia dubia     Methoxychlor 0.03 ug/L 

Pimephales promelas     Methyl Parathion 0.08 ug/L 

Selenastrum 
capricornutum 

    Molinate 13 ug/L 

Sediment Toxicity           

Hyalella azteca           
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  BASIN PLAN 
OBJECTIVE 

    BASIN PLAN 
OBJECTIVE 

  

CONSTITUENT UNITS CONSTITUENT UNITS 

Pesticides and 303(d) 
Parameters 

    

Pesticides and 
Sediment 
Parameters 

    

Norflurazon 0.011 ug/L Bifenthrin - ng/g 

Oryzalin 0.3 ug/L Chlorpyrifos - ng/g 

Oxamyl 50 ug/L Cyfluthrin - ng/g 

Oxyfluorfen 0.003 ug/L Cypermethrin - ng/g 

Paraquat 3.2 ug/L Esfenvalerate - ng/g 

Paraquat Dichloride 0.19 ug/L Fenpropathrin - ng/g 

Pendimethalin 0.07 ug/L 
Lambda 
cyhalothrin 

- ng/g 

Phorate 0.7 ug/L Permethrin - ng/g 

Phosmet 140 ug/L Piperonyl Butoxide - ng/g 

Pyraclostrobin 0.0029 ug/L       

Pyrethrins 0.1 ug/L       

Pyridaben 0.01 ug/L       

Simazine 4 ug/L       

Tebuconazole 0.0102 ng/L       

Thiobencarb 3.1 ng/L       

Trifluralin 5 ug/L       

Ziram 1 ug/L       
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Table 2:  MRP Chemistries Tested for and BPOs for Tulare Lake Basin Ground 
Waters 

 
CONSTITUENT 

BASIN 
PLAN 

OBJECTIVE 

 
UNITS 

Field Measurements   

EC 900-1,600 umhos/cm 

Temperature Variable ºC 

pH 6.5 – 8.3 pH units 

Dissolved Oxygen 5-7 (W/C) mg/L 
   

Inorganic Chemicals   

Nitrate as Nitrogen (N) 10 mg/L 

   

Total Dissolved Solids (TDS) 500-1,000 mg/L 

   

General Minerals   

Anions   

Carbonate (as CaCO3) NA mg/L 

Bicarbonate (as CaCO3) NA mg/L 

Chloride 500 mg/L 

Sulfate 500 mg/L 

   

Cations   

Boron NA ug/L 

Calcium NA mg/L 

Sodium NA mg/L 

Magnesium NA mg/L 

Potassium NA mg/L 

 
 

Program Background 
 

Surface Water Monitoring 
 

The requirement for a comprehensive testing program as part of the Agricultural 
Discharge Waiver (now Irrigated Lands Regulatory Program) was put in place July 2003 with 
the installation of a new discharge waiver. The program was revised in January 2008 to 
incorporate additional requirements for the selection of sample sites and the development 
of management plans, if triggered. Most recently, a new order (R5-2013-0120) adopted by 
the RWQCB in September 2013 for the Tulare Lake Basin which has led to the dissolution of 
the SSJWQC and the establishment of numerous coalitions, each focus on those concerns 
specific to the subbasin of the former combined coalitions. 
 

Limited laboratory testing (water column toxicity) along with physical parameter 
measurements (dissolved oxygen [DO], electrical conductivity [EC], pH, and temperature) 
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were started on a systematic schedule in 2004. The water column toxicity tests included an 
evaluation of algae growth (Selenastrum capricornutum), fathead minnow (Pimephales 
promelas), and water flea (Ceriodaphnia dubia) survival. Each represents an important step 
in the aquatic food chain and when combined with the physical parameters, would be 
indicative of some form of water contamination. The laboratory test results for 
exceedances were transmitted to the Regional Board as an indicator of whether an 
exceedance existed in the Waters of the State within the Coalition. 

 
Starting in June 2006, the testing of surface waters was expanded to include general 

chemistry (dissolved metals), nutrients, and pesticides that the Regional Board felt were 
important, and were consistent with other testing done under the Surface Water Ambient 
Monitoring Program (SWAMP). The surface water monitoring program was revised in 2008 
to give the Coalitions greater flexibility in selecting the sampling sites, frequency of sampling, 
and constituents tested for as long as each change from the previous program could be 
adequately justified. Sampling of surface waters was increased to once per month for all 
monitoring sites. Reporting requirements under the program were also adjusted to 
quarterly reports of accumulated data (in a SWAMP compatible format) and one annual 
report of the data collected instead of two reports per year. The increased frequency of data 
reporting was to help the Regional Board see trends sooner, and the single report by the 
Coalitions was to help reduce costs. 
 
 The annual testing of surface waters was categorized as either Assessment or Core 
monitoring, with differing requirements for each. Surface water monitoring assessment sites 
are those sites that are new to the program and thus have no historical data associated with 
them. 
 
 Surface water monitoring core sites are those with historical data and are used for 
the monitoring of trends within the waterways of the Coalition. Both type of sites are 
monitored intensely for a one-year period, then only lightly sampled (lower chemistry test 
requirements) for the following two years, unless problems are detected during the first 
year. 
 A third type of surface water monitoring site to be monitored is a Special Project 
Monitoring Site, where research into a specific question is undertaken. Once sufficient data 
has been collected at such a site, it can be discontinued if no issues  were identified. 
 

Groundwater Quality Trend Monitoring  

 
Previous to the implementation of the IRLP, monitoring of groundwater quality was 

performed under two Regional Water Quality Control Board programs: the Dairy General 
Order R5-2007-0035 adopted in May of 2007, and the individual Waste Discharge 
Requirements (WDR); along with two State Water Resources Control Board programs for 
the Division of Drinking Water and the Groundwater Ambient Monitoring and Assessment 
Program (GAMA), expanded in 2007. With the adoption of the ILRP General Order R5-2013-
0120 by the RWQCB in September 2013, monitoring of waters of the State was expanded to 
include the  determination of groundwater quality through  the evaluations consisting of 1) 
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Groundwater Quality Assessment Report (GAR), 2) Management Practice Evaluation 
Program (MPEP), and 3) Groundwater Quality Trend Monitoring Program (GQTMP). 

 
The purpose of the GAR  was to provide a technical basis for the scope and level of 

effort for implementation of the of the General Order’s groundwater monitoring and 
implementation provisions, accomplished by an assessment of all available, applicable, and 
relevant data and information to determine the high and low vulnerability areas where 
discharges from irrigated lands may result in groundwater quality degradation. At a 
minimum, the  GAR is required to be reviewed and updated by the Coalition on a 5-year basis 
incorporating new information and data. The GAR provides the necessary foundation for 
design of the MPEP and GQTMP and identifies the areas where a GQTMP must be 
implemented. In January of 2016 the TBWQC received conditional approval on the 
Coalition’s GAR. 

 
The purpose for developing the MPEP  was to evaluate the effectiveness of current 

agricultural management practices for protection of groundwater quality, consistent with 
the General Order requirements. The TBWQC elected to participate in the group option for 
developing the Management Practice Evaluation Workplan required under the General 
Order.  The participants of the group plan include all of the Coalitions within the Tulare Lake 
Basin. 

 
The GAR’s initial groundwater assessment is the basis for development of the GQTMP. 

With the findings and data gaps identified in the GAR the TBWQC developed their 
Groundwater Quality Trend Monitoring Workplan (GQTMW) to further investigate the 
conditions of the existing groundwater quality and develop a plan for determining trends in 
groundwater quality for evaluation of the effects of irrigated agriculture on groundwater 
quality. The TBWQC received conditional approval from the Regional Board on their 
Groundwater Quality Trend Workplan in September 2018. 

 
Beginning in the Fall of 2018, the TBWQC was required to begin collecting 

groundwater quality samples from the monitoring network included in the GQTMW and 
annually in the summer thereafter. Constituents required to be sampled for annually by the 
MRP consist of field-tested physical parameters (electrical conductivity [EC], pH, dissolved 
oxygen [DO], temperature) and laboratory tested inorganic chemicals (nitrate as nitrogen). 
In addition to the annually tested constituents, the MRP requires laboratory tested 
constituent of total dissolved solids [TDS], general mineral anions (carbonate, bicarbonate, 
chloride and sulfate) and cations (boron, calcium, sodium, magnesium and potassium) be 
tested initially and once every 5 years thereafter. 
 
Decisions Made with Information Obtained from  Monitoring 
 
 The purpose of any testing program is to detect a constituent exceedance in the 
waters of the State as the first step. The second step is to evaluate the seriousness of the 
detection.  Once detection has been made, the approach of the Coalition is to trace the 
constituent exceedance to its potential source. This includes a physical survey of the 
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waterway for possible points of entry of applied irrigation waters (pipes, culverts, canal 
gates), evaluation and documentation of cropping patterns, and the eventual tracking of the 
application with the local agricultural commissioner. Once the likely source of the 
constituent exceedance has been identified, contact with the suspected grower(s) would 
begin so as to prevent future occurrences. A wide range of options are available, including 
improved irrigation waters management, changes in  chemicals applied, changes in 
application methods, or any other  procedure that would prevent the offsite movement of 
the detected constituent.   
 
 The data from the individual surface water and groundwater sampling points will be 
assessed according to the following beneficial use criteria: 
 
 
 

Table 3:  Coalition Sampling Points – Data Evaluation Criteria 

 

  

Site name Beneficial Use 
Deer Creek at Road 120 Freshwater Habitat 

Deer Creek at Road 176 Freshwater Habitat 

Deer Creek at Road 248 Freshwater Habitat 

Porter Slough near Road 192 Freshwater Habitat 

Tule River at North Fork Road 144 Freshwater Habitat 
Tule River at Road 92 Freshwater Habitat 

White River at Road 208 Freshwater Habitat 

GQTMP Supply Wells Municipal & Domestic Supply 
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ELEMENT 6:  PROJECT DESCRIPTION 

 

Surface Water Sample Sites Description  
 
 The Coalition has identified seven  natural channel locations where surface 
monitoring will be conducted under the monitoring program. The locations and schedule 
were identified as being the most  representative of the surface waters within the Coalition 
boundaries. For additional details concerning the choice of the individual monitoring 
locations and schedule, please refer to the TBWQC Surface Water Monitoring Plan (8/4/14) 
and the associated addendum (2/9/15).   
 
The monitoring locations are as follows: 
 

1. Deer Creek At Road 120 – Pixley, CA  Site Description 

The Deer Creek at Road 120 station is located approximately 3.5 miles southwest of Pixley, 
CA. The land use surrounding this location is predominantly irrigated agriculture, ranging 
between different row crops and permanent crops. The station is located within the Pixley 
Irrigation District. 
 

2. Deer Creek At Road 176 – Pixley, CA  Site Description 

The Deer Creek at Road 176 station,  a stream gaging station, located approximately 6 miles 
southeast of Pixley, CA. The land use surrounding this station is predominantly irrigated 
agriculture, consisting of permanent crops and limited row crops. This station is located 
within the Saucelito Irrigation District. 
 

3. Deer Creek At Road 248 – Terra Bella, CA  Site Description 

The Deer Creek at Road 248 station is located where the foothills of the Sierra Nevada 
Mountains meet the flat lands of the basin, approximately 2.5 miles northeast of Terra 
Bella, CA. At this location, the land use is primarily range land for cattle grazing. This 
location is not within an Irrigation District boundary. 
 

4. Porter Slough Near Road 192 – Porterville, CA  Site Description 

The Porter Slough Near Road 192 monitoring station is located approximately 4.5 miles 
northwest of the City of Porterville. Porter Slough is a natural distributary of the Tule River 
with the head works approximately 2.5 miles downstream of Success Dam. The Porter 
Slough channel traverses 12 miles through the City of Porterville and Porterville Irrigation 
District prior to terminating into a Lower Tule River Irrigation District (LTRID) canal. The 
sampling point is located within Porter Slough upstream of the discharge into the LTRID 
canal. This monitoring station is located within the Porterville Irrigation District. 
 

5. Tule River At Road 144 (North Fork) – Woodville, CA  Site Description 

The Tule River at Road 144 station is located approximately 3.5 northwest of Woodville, 
CA. The Tule River bifurcates at Road 192 into North and South Fork channels. 
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Downstream on the South Fork at Road 168, the South Fork further bifurcates into a Middle 
Fork and South Fork. At Road 144, the South Fork and Middle Fork rejoin as the South Fork 
and at Road 104 the South Fork and North Fork rejoin back into one main Tule River 
channel that continues to the Tulare Lake Bed. The Tule River at Road 144 monitoring site 
is located along the North Fork of the Tule River, just downstream of where a LTRID canal 
discharges CVP water from the Friant-Kern Canal into the Tule River. The land uses 
surrounding this station are predominantly agriculture, ranging from row crops to 
different permanent crops and is located in the northern central portion of Lower Tule 
River Irrigation District (LTRID). 
 

6. Tule River At Road 92 – Tipton, CA  Site Description 

The Tule River at Road 92 station is located approximately 4 miles northwest of Tipton, CA. 
The Tule River at Road 92 station is located downstream of where the North Fork, Middle 
Fork, and South Fork all merge together forming a single Tule River Channel to the Tulare 
Lake Bed. This station is surrounded by irrigated agriculture of row crops and  several 
permanent crops within the LTRID. 
 

7. White River At Road 208 – Earlimart, CA  Site Description 

The White River at Road 208 station is located approximately 4 miles southwest of  Ducor, 
CA. The monitoring station is located above the beginning of irrigated agriculture with the 
land use below this station planted predominantly with various permanent crops. The 
station is located within the Delano Earlimart Irrigation District (DEID). 
 
 Maps and coordinates of the sample site locations are included in Element 10 
(Sampling Process Design / Monitoring Points). 
 
Groundwater Sample Sites Description  
 

An  initial goal  of the selection of groundwater sampling sites was to identify existing 
irrigation/domestic wells of first encountered groundwater that have adequate physical 
information to ensure the trends analyzed over time are reliable. The spatial coverage for 
the selection from existing groundwater wells of the monitoring well network is proposed 
to be four wells per township with one well for each nine square miles of the Township.  In 
addition, for each “selected” well, a back-up or “secondary” well will be identified and utilized 
in case the selected well is damaged or is no longer in production. During the initial field 
verification and monitoring, the selected well will be included in the program to establish 
baseline groundwater depth and quality data.  After the initial monitoring, only the selected 
well will be sampled annually.  If the selected well is damaged permanently or is no longer 
in use, a replacement for the selected or secondary well will be identified at that time. The 
TBWQC covers in whole or in part twenty-nine (29) townships, identified as follows: 
   

1. Township 21 South, Range 25 East 

2. Township 22 South, Range 25 East 

3. Township 23 South, Range 25 East 
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4. Township 23 South Range 23 East; those four townships include the 

communities of Tipton, Pixley, Earlimart and Alpaugh 

5. Township 20 South, Range 27 East 

6. Township 21 South, Range 27 East 

7. Township 23 South, Range 27 East 

8. Township 24 South, Range 27 East; those four townships cover the City of 

Porterville and the communities of Strathmore, Terra Bella, Ducor and 

Richgrove 

9. Township 21 South, Range 26 East; covers the communities of Woodville 

and Poplar 

10. Township 24 South, Range 24 East; covers the small community of 

Allensworth 

11. Township 24 South, Range 25 East; covers urban sprawl of the community 

of Earlimart 

12. Township 24 South, Range 26 East 

13. Township 21 South, Range 28 East 

14. Township 21 South, Range 29 East 

15. Township 22 South, Range 28 East 

16. Township 22 South, Range 27 East 

17. The portion of the Tule Basin in Township 20 South, Range 26 East 

18. Township 22 South, Range 26 East 

19. Township 23 South, Range 26 East 

20. The portion of Township 25 South, Range 26 East; covered by the Delano-

Earlimart Irrigation District in Kern County 

21. The portion of Township 21 South, Range 23 East 

22. Township 22 South, Range 23 East 

23. Township 24 South, Range 23 East 

24. Township 21 South, Range 24 East 

25. Township 22 South, Range 24 East 

26. Township 23 South, Range 24 East 

27. Township 23 South, Range 28 East 

28. Township 24 South, Range 28 East 

29. The portion of Township 22 South, Range 29 East 

 

Map of the Tule Basin Water Quality Coalition Boundary is included in Element 10. 
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Summary of Work Performed for Surface Water and Groundwater Sampling 
 
Sampling Procedures for Surface Water  
 

The following is a description of the surface water sampling techniques to be used 
under this QAPP. The basic processes used to collect samples will remain unchanged from 
the previous MRP/QAPP although incorporation of the frequency of monitoring will require 
a more real-time determination of the sampling windows. Sampling, site photographs and 
reports will continue on a monthly basis for each surface water monitoring site. 
 
 Prior to the sampling event, physical parameter equipment will be recalibrated using 
known laboratory standards and according to the manufacturer’s instructions. This 
equipment includes pH meters, EC meters, and DO meters. Known standards are brought to 
the field to recheck the calibration (pH, EC) at each site prior to sample collection.   
 
 Field samples of the water are collected in bottles provided by the laboratory 
(chemistry) or in one-gallon amber jugs specially purchased for the sampling event (water 
column toxicity). The containers are marked with site identification description, date and 
time of collection along with any preservative added by the lab on water resistant labels.  
Photo documentation is performed at each surface monitoring site each month. 
 
 Glass bottles are wrapped to prevent breakage during transport to the collection 
sites, and after collection, “blue” or gel ice packs are placed with the samples to reduce the 
sample temperature as low as possible in the field. Once all sampling points are collected, 
the samples will be transported to a location where they will be repacked for transportation 
to the laboratory. Samples will then be packed in “wet” ice and delivered to the laboratory 
on the same day of collection. The samples are packed with sufficient ice to lower the sample 
temperature to ≤6°C but not frozen.  
 
 Chains of custody are filled out with matching information (sample ID, sample date 
and time, site, and tests required) and are given to either the courier or the lab representative 
when the samples change hands. 
 
 The hold time for the water column toxicity samples is 36 hours, and the samples are 
shipped no later than the morning after collection. Ice levels are rechecked prior to shipment. 
 
Sampling Procedures for Groundwater 
 

The physical parameter equipment shall be calibrated at the beginning and once 
during each sampling day in accordance with the equipment manufacturer’s specifications, 
as outlined in the instruction manual for the EC meter used. This equipment includes pH 
meter, EC meter, and DO meter.  
 

Water supply wells shall be sampled by purging the well for a period of time adequate 
to purge the pump riser pipe. If the well is currently pumping, the sample may be taken 

Appendix E



without purging the well. Water samples shall then be collected from the discharge point 
nearest the well head. Samples shall be collected directly into laboratory-prepared bottles. 
Samples may not be taken from any location after any treatment of the water for domestic 
use, such as from a faucet within the house. 
 

Field measurements of temperature, pH, dissolved oxygen (DO), Electrical 
Conductivity (EC), will be conducted and recorded of aliquots of groundwater and not 
determined in the laboratory. Field water quality measurements and instrument calibration 
details will be recorded on the Well Sampling Record. 

 
Efforts will be made to handle, store, and transport supplies and samples safely. 

Exposure to dust, direct sunlight, high temperature, adverse weather conditions, and 
possible contamination shall be avoided. Immediately following collection, samples shall be 
placed in a clean chest that contains ice or “blue” ice, and transported to the subcontracted 
laboratory as soon as practical. Samples should be chilled at 4°C to prevent degradation. 

 

After samples have been collected and labeled, they shall be maintained under chain-
of-custody procedures. These procedures document the transfer of custody of samples from 
the field to the laboratory. Each sample sent to the laboratory for analysis shall be recorded 
on a Chain of Custody record, which will include instructions to the laboratory for analytical 
services. 

 

If the samples are to be left at a BSK sample drop-off location, the original chain-of-
custody shall be sealed inside a plastic bag within the ice chest, and the chest shall be sealed 
with custody tape which has been signed and dated by the last person listed on the chain-of-
custody. The laboratory shall sign as a receiver once samples are received. 
 
Analytical Procedures 
 
 Once received by the laboratory, the samples will be checked for temperature and 
preservation requirements. Bottles will be inspected for integrity and any deviations noted 
as part of the sample conditions on receipt documentation. Any anomalies will be 
communicated to the Project Coordinator and corrective actions taken as required. At a 
minimum, the discrepancies will be noted as part of the Case Narrative included with the 
laboratory results. 
 
 Samples will be processed according to the test methods required by the General 
Order. All laboratory data will undergo a tertiary review process to ensure that the data 
meets the requirements of the method and the data quality objectives of the Order. The 
Laboratory Project Manager will create the Certificate of Analysis (Report). A case narrative 
will be written to identify any anomalies, QC failures or other material issues that do not 
meet the quality objectives of the Order. 
  
 A preliminary report will be provided to the Coalition within ten (10) business days 
of sample collection, and will include all partial laboratory results that are reviewed and 
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completed by then. The preliminary and final reports will be sent via email to the Project 
Coordinator and QA Manager. 
 

 Finally, the laboratory will prepare the required electronic data deliverables (EDD) 
as required by the MRP of the Order. Prior to delivery to the Project Coordinator, the 
laboratory personnel will evaluate the EDD using the SWAMP data integrity validation 
program as provided by the California Environmental Data Exchange Network (CEDEN) for 
surface water analysis results or the GeoTracker Electronic Submittal of Information (ESI) 
“Check EDD” tool for groundwater analysis results. Any critical failures observed will be 
addressed and the EDD will be reevaluated. Once complete with no critical errors, the EDD 
will be sent to the Project Lead along with a copy of the error log returned by the CEDEN or 
GeoTracker validation program.  
 
Resource and Time Constraints 
 

 There are no significant resource constraints associated with the Surface Water 
Monitoring Plan (SWMP) or the Groundwater Quality Trend Monitoring Workplan 
(GQTMW). Both the Coalition and the laboratories have adequate resources to effectively 
perform the tasks required under the Plan and the General Order.  
 

The responsibility of surface water sampling will be that of the primary laboratory, 
BSK. BSK has offices in the Fresno and Bakersfield areas. The Fresno location will be the 
primary respondent and operate as the base for crew and the sample receiving location. 
Multiple personnel will be trained on the sample collection procedures to ensure that BSK 
can respond to the sampling events with a minimal amount of notification. In the event of a 
scheduling conflict, staff from BSK’s Bakersfield location will be dispatched to collect 
samples for the Coalition.  

 
Coalition staff is responsible for collecting groundwater samples and have multiple 

staff members stationed in Visalia trained to use field instruments and procedures required 
for sample collection. The Fresno-based laboratory has extensive equipment and personnel 
to accommodate the water quality analysis workload generated under the SWMP and 
GQTMW. 
  

Time represents the most significant restraint for both surface water and 
groundwater monitoring. The sample collection will require the close coordination of both 
Coalition and Laboratory personnel. Coalition personnel will closely monitor both the 
scheduled irrigation program and the regional weather forecast as well as sample date 
coordination with well owners to ensure a timely notification of sampling requirements. 
Laboratory and Coalition personnel will have the required water sampling equipment and 
materials (e.g. field instruments, sample containers, ice chests, etc.) on hand as a matter of 
practice to minimize the time requirements for the commencement of field sampling. The 
primary laboratory, BSK has a sample drop-off location in Visalia that facilitates the 
transportation of samples. 
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ELEMENT 7:  QUALITY OBJECTIVES AND CRITERIA 

 
 The primary goal of any sampling and analyses program is to produce data that is of 
known and documented quality and is suitable for its intended use. The data generated 
under the TBWQC’s SWMP and GQTMP will be used to make decisions regarding water 
quality in the Coalition, ensuring the preservation of the environment and the protection of 
human health. To that end, the data quality objectives set forth in the SWMP and GQTMW 
are established to ensure that (1) the collection of samples  are representative of the 
environmental conditions associated with agricultural activities, that (2) the samples are 
handled and processed in a manner consistent with the requirements of the methods used 
and the practices set forth in this QAPP, and that (3) the data generated from the project are 
of sufficient quality to make sound decisions regarding the impact of agricultural activities 
on the waters of the State. 
 
Performance Criteria Goals 
 
 The success of any given monitoring event will be determined based on the 
characteristic of completeness. The quality of completeness is a function of the number of 
successful checks or evaluations made on a project versus the total number of observations 
made. The overall completeness goal for each monitoring event is 90%. A discussion of 
completeness for both the sampling and the analytical portions of the SWMP and the GQTMW 
will follow below. 
 
Quantitation Limits  
 
 The data generated as part of the SWMP and the GQTMW must be at a level of 
sensitivity low enough to detect and quantify constituents of concern at levels needed for 
preservation of the environment and human health. With that, the majority of the chemical 
testing is done to the parts-per-billion level.  
 
Chemistry 
 
 The laboratory will establish reporting limits (RLs) at a level at or below the 
requirements of the General Order. These RLs will be based on a calibration point at or below 
the equivalent sample concentration. The laboratory will not report any value below the RL 
without qualification as an estimated value. All reported results will be bracketed by a 
calibration point. 
 
 To determine the low value at which the laboratory can detect the presence of a target 
analyte, the laboratory will conduct a Method Detection Limit (MDL) study in accordance 
with the procedure set forth in 40 CFR Part 136 Appendix B. This value is the lowest 
concentration at which the lab can state the compound is present with 99% confidence that 
it is truly non-zero. 
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 Some methods are not amenable to conducting method detection limits studies.  
These methods are identified in Table 8 with a “-“ in the column labeled MDL. This table 
reflects the MDLs in existence at the time this QAPP is approved. As per the requirements of 
the Order, the MDLs will be regenerated or verified by the laboratory at least every two years 
or when a material change is made in the method or equipment used to generate the original 
MDL study. 
 
 To provide the program with the most sensitive data possible but with the statistical 
confidence that a result is not a false positive, the laboratory will report results that exist 
between the MDL and the RL. As these values are outside of the calibration range of the 
equipment used, there exists some uncertainty as to the accuracy of the result return. For 
values reported between the MDL and RL, the laboratory will identify these as estimated 
values by applying a qualifier to indicate the uncertainty of the measurement (e.g. “J-
Flagged”). 
 
Toxicity 
 
 Water toxicity tests will be considered significant at the 95% level of significance. 
TIEs will not be initiated until 50% survival or below is reported. Phase I TIE testing, along 
with a retest of the failed test, will begin as quickly as practical by the laboratory. 
 

Table 8 summarizes the analytes,  ILRP PQLs, method detection limits and reporting 
limits for this project. 
 
Quality Control Measurements 
 
 Every effort will be made to provide quality from both the field sampling activities 
and from the fixed facility laboratory activities. Field and laboratory personnel are trained 
on proper sampling and analysis techniques appropriate to the tasks performed. All 
activities will be performed in accordance with established standard operating procedures 
(SOPs). See the Table 6 for listing of the applicable SOPs. 
 
 The results of the field and analytical activities will be gauged on a number of 
characteristics.  Those characteristics are: 
 
1. Representativeness.  The monitoring sites selected for the SWMP and GQTMP by the 

Coalition  will be indicative of the water quality within the Tule Basin. The surface water 
monitoring sites selected by the Coalition reflect the quality of the flows into and out of 
the Coalition. Samples will be collected based on real-time assessments of water flows, 
including those associated with storm events. Samples will be handled to ensure they 
maintain the conditions at they exist in the field and will be released to the laboratory in 
a timely manner to ensure that hold times are met. 

 
The monitoring sites selected for the GQTMW by the Coalition must be consistent with 
and indicative of the water quality relevant to irrigated agriculture. The groundwater 
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monitoring wells selected by the Coalition represent both high and low vulnerability 
areas, as well as areas contributing significant recharge to urban and rural communities 
where groundwater serves as a significant source of supply. Groundwater sampling will 
be collected on an annual basis. Samples will be handled to ensure they maintain the 
conditions at they exist in the field and will be released to the laboratory in a timely 
manner to ensure that hold times are met.  

 
2. Comparability.  All samples are to be collected in the same manner, from approximately 

the same location at each monitoring site. All conditions will be maintained as consistent 
as possible to ensure that testing performed across multiple monitoring events is 
comparable with variation only due to field conditions. Furthermore, tests used by the 
laboratory will be in accordance with the General Order requirements to ensure 
comparability to historical data generated for each of the sampling locations. 

 

3. Sensitivity, Contamination, Accuracy, Recovery and Precision is determined based on the 
performance of the method on one or more quality control indicators.   

 

Sensitivity is an assessment of the ability of the method to detect the analytes of interest 
at levels that are significant to the Plan. Numerous factors can affect sample results such 
that the reporting limits would need to be elevated. These factors include dilutions due 
to target or non-target interferences, insufficient sample volumes, internal standard 
suppression, etc. Sensitivity will be assessed by comparing the Order required reporting 
limits to those actually observed for all samples. 
 
Contamination is an assessment of the field and laboratory background by the 
examination of a blank matrix known to be free of contaminants. The blank matrix 
(Method Blank) is carried through the entire analytical process and then assessed for the 
presence of the target constituent. The presence of such constituents in the blank 
indicates that the field conditions or laboratory background may be responsible for the 
presence of a target constituent in the sample. 
 
Accuracy is the ability of the method to generate a result within a prescribed range of its 
actual true value. For the test methods employed in this Plan, accuracy will be 
determined based on the use of a standard reference material (SRM) or Laboratory 
Control Sample (e.g. LCS, Blank Spike) that is free of interferences. 
 
Recovery is the ability of the method to produce an accurate result given the potential 
interferences of a sample matrix. This is accomplished by fortifying a sample matrix with 
a small amount of the target compounds. The fortified matrix (or matrix spike [MS]) is 
carried through the analytical process to determine if the sample matrix somehow 
interferes with the method itself, either via suppression or enhancement of the matrix 
spike result. 
 
Precision is the ability of the method to reproduce the same result within a prescribed 
acceptance range. For the test methods employed, precision will be assessed by the 
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analysis of a Laboratory Control Spike Duplicate, a Matrix Spike Duplicate or a Laboratory 
Sample Duplicate. The laboratory duplicate differs from a field duplicate in that the lab 
duplicate will be a secondary aliquot taken from the same container as the parent sample. 
A field duplicate is a second sample collected from the source and is treated as a separate 
unique sample that is “blind” to the laboratory. 

 
4. Completeness. Completeness will be determined based on the measurement of the 

amount of valid data obtained per monitoring event (by site) versus the amount planned. 
The target of the Plan is to achieve 90 percent completeness at each event.  Efforts to 
prevent sample loss include careful packaging of the sample for transport, and collection 
of adequate volumes for analysis, laboratory losses (errors, QC failures, and equipment 
failure). The laboratory shall determine the volumes required for the tests requested, and 
it is assumed that this final volume contains sufficient surplus to account for laboratory 
issues. As such, they have specified or provided the necessary containers for the sampling 
collection process.  

 

Completeness will be determined at two levels: Field and Transport, and Laboratory with 
levels reported within each quarterly report. As BSK does the surface water sampling for 
the Coalition, the calculation of completeness will be performed by them. The following 
describes the Completeness calculation to be used. 

 
Field and Transport completeness will include:  completion of the site inspection report 
elements as specified on the Field Data Sheet, results of field instrument calibration 
checks, actual test results for physical parameters, completion of the Chain of Custody 
with the requested analyte list with no broken sample containers, and all samples 
received within temperature requirements. Chain of Custody forms (Appendix A.1) are 
provided by the lab and are pre-populated to include the analyses requested as 
determined by the Core vs. Assessment sampling schedule. The samples are inspected 
prior to packing with ice for breakage. Bottle counts are done when the labels are affixed 
to the containers. The Field and Transport evaluation program ends with the signed 
Chain of Custody, the reporting of the conditions of the samples as they are unpacked by 
the lab. Laboratory failures (e.g. breakage of sample container, samples received out of 
hold time, temperature exceedance, etc.) will be documented. All other measures beyond 
this point are associated with the Laboratory Completeness assessment. 
 
Photo documentation shall constitute 100 percent Completeness for those times 
when no sample water is available at surface water monitoring sites. 

 
The logbook sheets used for documentation of the Field and Transport portion of the 
monitoring event is included in Appendix A.2. An example of the spreadsheet used for 
the determination of the Field and Transport completeness is provided in Appendix A.4. 
 
Completeness for the Field and Transport activities will be determined based on the 
number of assessment points satisfying the expected criteria versus the total number 
assessed per sample site (22 individual assessment criteria per location).  
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Laboratory Completeness is achieved via an exhaustive examination of the results of 
both, field samples and the quality control indicators for each of the laboratory analyses. 
The laboratory completeness assessment is based on the characteristics of laboratory 
data listed above: sensitivity, contamination, accuracy, recovery and precision. 
 
Completeness for the Laboratory activities will be determined based on the number of 
sample results that are not materially impacted by  data quality issues. The calculation is 
the number of unaffected sample results versus the total number of data points 
generated for the sampling event. 
 
An example of the spreadsheet used in the determination of Laboratory Completeness is 
included in Appendix A.3. 

 
 

Table 4:  Data Quality Objectives – 
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Physical Parameters 
(EC, pH, DO, temp) 

X  X  X X 

Toxicity X X X NA X X 
Pathogens X X   X X 
Nutrients/Anions X X X X X X 
Carbonate/Bicarbonate 
Alkalinity 

X X X  X X 

TDS X X X  X X 
TSS X X   X X 
Metals X X X X X X 
Carbamates X X X X X X 
Organochlorines X X X X X X 
Organophosphates X X X X X X 
Pyrethroids X X X X X X 
Herbicides X X X X X X 
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ELEMENT 8:  SPECIAL TRAINING NEEDS / CERTIFICATIONS 

 
 As of this time, there are no Coalition staff members with specialized training in 
chemistry or laboratory procedures, outside of the coursework taken as part of their general 
educational curriculum. BSK personnel involved in the project have been performing sample 
collection procedures for many years and are familiar with the maintenance and calibration 
of the equipment used and the sampling techniques involved.  Technical questions are 
fielded by the contracted labs and their sampling crew. 
 

 BSK’s Quality Assurance Manager is responsible for the oversight of training. The QA 
Manager will ensure that adequate training is provided to the laboratory personnel on the 
requirements of this Program. The training will consist of both written review and hands-on 
training, all documented and contained within the Laboratory’s record keeping system. The 
training files are maintained by the Laboratory’s Quality Assurance Department. 
 

 BSK’s field technicians undergo initial training and annual refresher training 
thereafter on proper sample collection techniques for both water and sediment. Initial 
training consists of a review and acknowledgement of understanding of the laboratory’s 
standard operating procedure on sample collection. This is followed by hands on sample 
collection working in conjunction with one of BSK’s experienced samplers. This hands-on 
training will continue until the trainer witnesses and documents the satisfactory 
understanding demonstration of proper technique. Once the Field Technician has 
demonstrated sufficient knowledge and understanding of the project, the training will be 
documented and included in the laboratory’s training records. The field technicians are 
trained according to the following SOPs: Field Sampling from Streams, Rivers and Canals (SR-
SP-0015), and Safety for Stream and Canal Sampling (SF-SP-0010). 
 

Coalition field technicians undergo an initial training on proper sample collection 
techniques for groundwater wells. Initial training consists of a review and acknowledgement 
of understanding of standard operation procedures on groundwater sample collection. This 
followed by a hands-on sample collection working in conjunction with one of BSK’s 
experienced samplers. This hands-on training will continue until the trainer witnesses and 
documents the satisfactory understanding demonstration of proper techniques.  
 

 BSK’s Project Manager will undergo initial training on the details of the QAPP and 
other project requirements. The training will be conducted by the Laboratory Program 
Manager or his designee. The training will consist of a reading of the QAPP and a follow up 
review with the Project Manager. Following this training, the first work order will be 
reviewed by the Project Manager as well, both on the initial receipt of samples and also at 
the time of reporting. This final stage of training will include a review of the final work 
product, the case narrative, the field logs and any other program requirements associated 
with the QAPP. Once the BSK Project Manager has demonstrated sufficient knowledge and 
understanding of the project, the training will be documented and included in the 
laboratory’s training records.  
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ELEMENT 9:  DOCUMENTS AND RECORDS 

 
Record keeping is a critical component to any research project. The data collected by 

the Coalition is maintained in multiple locations. Each lab is required to maintain a copy of 
the data for a specified period of time according to each laboratory’s standard record 
retention requirements.   
 
Record Handling 
 
 Copies of the data submitted by the labs to the Coalition are kept at the Coalition office 
in electronic and, where necessary, hardcopy format. Additional copies of the data are 
submitted to the Regional Board along with the quarterly and annual reports. Copies of this 
data are kept at the local Board office in Fresno, the Regional Board office in Rancho Cordova 
(and at the Coalition’s office). 
 
 Data is submitted to the Coalition by the BSK Laboratory in PDF format, and stored 
electronically. This is more efficient than paper copies of the reports, given the voluminous 
amounts of data generated. CD’s containing the data are routinely made and stored in a 
secure manner. 
 
 Data submission is to be in a CEDEN and GeoTracker ESI compatible excel 
spreadsheet, for SWAMP and GQTMP respectively, prepared by the individual laboratories 
(in addition to the additional data formats submitted), which will be combined into a single 
spreadsheet for submission to the Regional Board. Staff at the Regional Board will be 
responsible for the upload of data into the CEDEN database. Coalition staff will be 
responsible for the upload of data into the GeotTracker ESI database, 
 
 Data collected and held by the Coalition will be stored for a minimum of seven years 
at the Coalition office. How long the data submitted to the Regional Board is held is unknown. 
The Laboratories will store the raw data in both hardcopy and electronic format in 
accordance with their respective record retention requirements. For CA ELAP certified 
laboratories – a required credential for this program – laboratories are required to maintain 
all records for a minimum of five years. Sufficient records must be maintained to allow 
complete reconstruction of the data. 
 
 Documents retained by the Coalition may include: paper copies of the field data 
sheets, executed Chains of Custody, purchase orders for lab services, and printed copies of 
the Chemistry, Microbiology and Water Column Toxicity results. All of which are also backed 
up electronically. 
 
 Each data submission to the Regional Board will be a standalone file stored 
electronically with the Coalition. Once SWAMP analysis results are submitted and accepted 
by the Regional Board, the data will be integrated into the CEDEN database as maintained by 
the Central Valley Regional Data Center (CV RDC). GQTMP analyses results with be submitted 
to the  Regional Board through the GeoTracker ESI system. 

Appendix E



 The QAPP, will be submitted to the Regional Board in the form of a CD. Two versions 
will be submitted, one containing proprietary information regarding chemical testing and 
the other for public viewing. They will be clearly labeled. A paper copy of each version will 
be provided to the Regional Board for review on request. 
 
 Once the QAPP is approved by the Regional Board and signed by all required parties, 
an official copy will be maintained and controlled by the Coalition Quality Assurance 
Manager. The QA Manager will be responsible for distributing the official copy to the 
recipient list specified in Element 3. Due to its size, the official copy will be distributed via 
CD, sent either through mail (or similar delivery) or hand delivered to each recipient’s 
location. In the event of a change in the QAPP, the QA Manager will be responsible for 
ensuring the timely delivery of the latest revision.  
 
Report Format 
 
 Reports for the Chemistry, Microbiology and Water Column Toxicity will be provided 
in a manner consistent with this QAPP required content. 
 
 Documentation of the field activities will include copies of field logs with anomalies 
noted, results for field measurements, executed chains of custody, and any additional forms, 
records, or logs that contain information critical to the quality of the data obtained from the 
sampling event. 
 
 Analytical Reports or Certificates of Analysis will contain the following information: 
 

a. Project Name 

b. Sample Description 

c. Sample Date and Time of Collection 

d. Collection Technique (e.g. grab, composite) 

e. Sample Type (e.g. field sample, field blank, field duplicate) 

f. Preparation and Test Method 

g. Parameter 

h. Result 

i. Dilution Factor 

j. Reporting and Detection Limit 

k. Units 

l. Date / Time Prepared and Analyzed 

m. Data Qualifies 

n. Quality Control Data including Blanks, Spikes, Duplicates, Surrogates 

o. Case Narrative explaining all data anomalies or deficiencies 

p. Chain of Custody 

q. Sample Conditions on Receipt Summary 

r. Subcontract Reports 
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Record Distribution 
 
 The Project QA Manager will have the responsibility of ensuring that the stakeholders 
have the current version of all relevant documentation including the QAPP.  The QA Manager 
will issue control copies of the current QAPP to each QAPP recipient listed in Element 3 of 
this QAPP. On a change or revision, the QA Manager will retract the old version of the 
document and replace with the most current version. The same process will be used for all 
other documents required by this Plan. 
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ELEMENT 10:  SAMPLING PROCESS DESIGN 

 
 Sampling will be conducted according to the schedule mandated within the MRP, with 
visits of all surface water monitoring sites on a monthly basis and groundwater monitoring 
of wells on an annual basis. The date for the surface water sampling event is held open with 
Coalition as the presence of water at each sampling location is uncertain. This allows the 
contracted lab to work with the Coalition staff to determine the appropriate date for surface 
water sampling collection to maximize the collection of a sample at a  time of water flow. The 
groundwater sample collection will be conducted during the summer months of each year. 
 
Surface Water Sampling Process Design 
 

The sampling design is to test for the specified chemistries at each of the identified 
surface water monitoring sites, thus creating defined areas that can be easily addressed 
should detection occur. Modifications to the list of tested chemistries are planned once 
cropping patterns and pesticide usages are analyzed. 
 
 The SWMP study design is a simple one because of the nature of the waterways 
involved.  Nearly all of the river and creek systems within the Tulare Lake Basin have been 
optimized for irrigation deliveries. The flow in the Tule River below Success Dam is 
controlled by the Army Corps of Engineers, while Deer Creek and White River are smaller 
watersheds and uncontrolled streams. The Plan is designed to detect any occurrence of 
chemical contamination of these waterways, and then to trace the source. The method for 
the connection of any chemical contamination to its source and, ultimately, the management 
practices or runoff related events  are outlined in the SWMP. 
 
 All surface water monitoring sites listed within the MRP will be visited during each 
month. It is anticipated that several of the sampling sites will only require photo 
documentation for the majority of the sample dates. This is due to infrequent flow in the 
waterway. Specific sampling points at each location have been identified and the rationale 
for each point is detailed in the SWMP.   
 
 Should a site become inaccessible due to field conditions that prevent a Coalition or 
Laboratory representative to safely access the site, the condition of the site will be 
documented and the sampling site revisited as soon as conditions allow. This documentation 
will be included with the report submitted for the follow up (or make up) sampling event. 
Resampling due to accessibility problems will be addressed on a case by case basis and 
coordinated between the contract Laboratory and the Coalition. However, as noted in the 
SWMP, part of the rationale for the selection of the sampling points was the reliability of each 
to be accessible at all but the most extreme conditions.   
 

However, in some cases, resampling may not be an option due to inclement weather 
or some other water management constraint.  In the event that it is determined a surface 
water sample must be collected, the specific sampling point may need to be modified. The 
Coalition Program Manager and Technical Lead will make the determination if this 
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modification is required. If so, the Program Manager will have the responsibility of informing 
the Board of the modified sampling point and the rationale for doing so.   
 
 The occurrence of an exceedance at any of the surface water monitoring sites will 
trigger a review of the possible sites where the detected chemical could have been used.  
Also, a physical survey may be undertaken to determine where the chemical could have 
entered into the waterway. The exact course of action will depend upon the chemistry 
detected, and the conditions that were present when the sample was collected. 
 
 One or more of the surface water sampling sites may be wet during the full course of 
the year.  For these samples, a full set of chemical tests (as specified by the MRP) will be  
analyzed during the first year of the program. Samples will be grab samples of ambient 
water. 
 
 A duplicate sample will be randomly collected from those sites with water present.  
However, given that some sites are more likely to be dry a portion of the year, those sites 
having water most of the year will likely be disproportionately chosen during most sampling 
events for the field duplicate. One duplicate will be collected for each event. 
 
 The only sources of natural variation within the testing program are the EC values.   
These sources of variation are natural, and as such, uncontrollable. 
 
 No known sources of bias exist within the testing program. Field instruments, which 
could be considered a source of bias, are constantly checked for calibration against known 
standards and rechecked at the field during the course of the day. The laboratories 
constantly recalibrate their instrumentation as per method, so that source of variation is 
minimized as well, the resultant data having no more variation than that inherently 
contained within the test methods employed. 
 

Surface water sampling points for the coalition are identified in Table 5.  
   

Table 5:  Coalition Surface Water Sampling Point Coordinates 

Site name CEDEN Code Latitude Longitude 
Deer Creek at Road 120 558DCR120 35.912400 -119.303729 

Deer Creek at Road 176 558DCR176 35.946256 -119.181017 

Deer Creek at Road 248 558DCR248 35.9929 -119.017900 
Porter Slough near Road 192 558SPR192 36.116285 -119.134132 

Tule River at Plano Street Bridge TBD 36.055865 -119.133987 

Tule River at North Fork Road 144 558TRA144 36.129178 -119.246882 

Tule River at Road 92 558TRAR92 36.092952 -119.366727 
White River ar Road 208 TBD 35.858597 -119.107887 

 
 All data collected as part of the sampling (pH, EC, temperature, turbidity, flow) will 
be considered critical to the program. All data will be used in the assessment of ambient 
conditions of the overall water quality. Field observations such as outside temperature, wind 
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directions, time of the day, etc. will be considered informational and not critical to the Plan.  
However, such observations should be documented as they may help explain any possible 
anomalies in the analytical data such as unexpected detections for parameters that are 
historically low or absent in the watershed. 
 
 The sampling schedule for each location is included in the SWMP. 
 

 
Figure 2: Tule Basin Water Quality Coalition Surface Water Monitoring Sites 

 
 

 
Figure 3:  Deer Creek at Road 120 Site Map 
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Figure 4:  Deer Creek at Road 176 Site Map 

 

 
Figure 5:  Deer Creek at Road 248 Site Map 

 
Figure 6:  Porter Slough near Road 192Site Map 
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Figure 7:  Tule River at Plano Street Bridge Aerial Site Map 
 

 
Figure 8:  Tule River at North Fork Road 144 Site Map 

 

Figure 9:  Tule River at Road 92 Site Map 
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 Figure 10:  White River at Road 208 Site Map 
 

 
 

Groundwater Sampling Process Design 

 
The groundwater monitoring network as outlined in the GQTMW consists of sampling 

four wells per township, within both the High and Low Vulnerability areas within the 
TBWQC, provided, adequate existing wells are available. Domestic and shallow irrigation 
wells considered for the network are required to have permission from owners, be 
constructed in the upper most aquifer,  with construction details, typically in the form of well 
completion reports. 
 

Before wells are included in the monitoring program they must be reviewed and 
approved by the RWQCB to meet the requirements outlined in the MRP. Wells are presented 
to the RWQCB accompanied with GPS coordinates, well completion reports and construction 
details including: well depth, perforation intervals, seal information, and casing material. 
 
 The GQTMW for the TBWQC was designed in a two phased approach, see Figure 10. 
Phase 1 encompasses the township and ranges associated with disadvantaged communities 
(DACs) in the Coalition, with selection and monitoring of well beginning  during the first year 
of the program (2018). Phase 2 makes up the remaining township and ranges within the 
Coalition and selection and monitoring of wells commencing in the second year (2019) of 
the program. In the third year of the program all wells will be sampled on the same schedule. 
 

Wells in the GQTMP monitoring network will be sampled on an annual interval for a 
select group of water quality parameters and sampled every five years for a more extensive 
set of parameters. Monitoring includes field tested water quality parameters and laboratory 
analysis of nitrate as nitrogen and general minerals. Constituents and their frequency for 
analysis are outlined in the MRP. 
 

Water samples shall be obtained from the wellhead, or as near the wellhead as 
possible, not from any point after the pressure tank. Samples shall not be collected from a 
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faucet inside the home.  Wells without these physical capabilities for field sampling were not 
considered for the trend monitoring well, unless a spigot is installed at or near the wellhead. 

 
If the well goes dry (Drought conditions), or if a well is not selected due to field 

conditions or access limitations, another well will be identified to replace the well that 
cannot or can no longer be used. The identification of the secondary well, should the selected 
well be abandoned, in the nine square mile areas of each township will allow time for 
identification of a replacement without a gap in data within the township. The Coalition 
Program Manager and Technical Lead will make the determination if  a replacement is 
required. If so, the Program Manager will have the responsibility of informing the RWQCB of 
the replacement sampling well location and the rationale for doing so. 

 
Wells used for the monitoring network are included in the GQTMW and periodic 

updates to network development will be provided to the RWQCB.  
 

Figure 11:  GQTMP Well Network  
 

  

Appendix E



ELEMENT 11:  SAMPLING METHODS  

 
 A more detailed description of the sample collection procedures are listed in the SOP 
in Appendix B.1. As part of the sample collection, photo documentation of the monitoring 
site will occur. Field technicians will photo log the location, both upstream and downstream 
of the sampling point as well as the actual point of collection. GPS coordinates will be 
confirmed and if the point of collection changes, new GPS coordinates will be recorded. A 
change in the location will only occur on notification and approval of the Project Coordinator. 
 
 In the case that the sampling crew is responding to a stormwater event and cannot 
sample at the exact coordinates indicated in this QAPP, samples will be collected upstream 
and the Project Coordinator will be notified as soon as possible. Sample analysis will not 
begin until the location has been approved by the Project Coordinator or his designee. If 
there is a material difference in the location of actual collection versus the targeted location 
(>75 yds), the Coalition Project Coordinator will be responsible for notifying the RWQCB. 
 

Safety precautions and procedures in the SOPs for Field Sampling must be followed 
by the sampling crew. Sampling cannot be conducted if the water conditions at the site are 
deemed hazardous or unsafe. The Project Coordinator will be notified as soon as possible 
when samplings cannot be performed.  
 
General Sampling Requirements 
 
 For the surface water sample to be deemed acceptable, the following criteria must 
be met: 
  

1. Water must be present at the sampling location. 
2. The sampler must remain downstream of the sample bottle while the sample is 

being collected. 
3. A delay between samples must occur to allow any disturbed sediment to clear the 

area of sample collection. 
4. The Water Column Toxicity sample bottles should be rinsed with sample water 

before the final sample is collected. 
5. The samples must be kept chilled prior to packing with ice for transport. 

 
Unacceptable surface water samples would include samples from waters that are too 

shallow to completely submerge the sample container without excessive disturbance of the 
sediment. 

 
For the water supply well sample to be deemed acceptable, the following criteria 

must be met:  
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1. Prior to collecting a water sample from a supply well, the water well shall be 
allowed to run for a period of time that is sufficient for water quality parameter 
readings for temperature, pH, EC, dissolved oxygen, and turbidity to stabilize to 
within 10 percent.   

2. If the well is currently pumping, the sample may be taken without purging the 
well.   

3. Water samples shall be collected from the discharge point nearest the well head.   

4. Samples shall be collected directly into laboratory-prepared bottles. and  shall not 
be taken from a location after treatment of the water for domestic use. 

5. The samples must be kept chilled prior to packing with ice for transport. 
 

Surface Water Sediment Sample Collection Requirements 
 
Sediment samples are considered acceptable if the depth of the sediment collected 

does not exceed 1 inch or 2.5 cm (per method). The sediment must be collected within a 
reasonable distance of the water collection site, and in sufficient volume to perform an 
adequate analysis. 

 
Unacceptable sediment samples are those collected from depths in excess of 1 inch or 

2.5 cm, from distances too far away from the monitoring site (potentially representing 
different conditions than those present when water samples are collected), and samples of 
insufficient volume. Failure to transport the sample at controlled temperatures would also 
constitute an unacceptable sample. 

 
As a safety precaution, sediment collection should only be performed in a shallow, 

slow flowing stream or canal waterway, where the water is between a minimal surface flow 
of a few inches to a maximum depth that is below the height of the sampler’s knee. The 
stream or canal flow must be slow flowing of less than one foot per second. Sampling 
attempted in conditions exceeding these limitations must be conducted with special safety 
harness, retrieval gear or rescue apparatus. 

 
Sample Collection Volumes 

 
The volume of collected samples are designated by the contracted laboratory to allow 

for sufficient volume to test, plus additional volume for retesting in the event of laboratory 
errors (spillage, instrument failure, operator error). Breakage, unfortunately, cannot be 
anticipated once the sample is delivered to the lab, so no contingency plan is available for 
such an occurrence. The only recourse is to fully duplicate all samples, which is impractical 
for all concerned. 

 
 

 
 

Sample Collection Procedures 

Appendix E



 
Pre-Collection 
The sequence of events for a sampling event is as follows: 
 
1. Several days before the event, all bottles are collected and labeled for the event.  

They are then packed into labeled ice chests for transport. 
2. The day before the event, the calibration of the field instruments is performed 

according to manufacturer specifications. Adequate supplies of standard 
solutions are placed within the field equipment box for instrumentation checks 
while at the monitoring sites. Battery issues with field instruments are addressed 
at this time. 

3. The day of the sample, chests are loaded into the vehicle along with a chest filled 
with frozen “blue ice” sample temperature maintaining blocks. 

 
During Collection 
Once at a site, the sequence is as follows: 
 
1. One team member begins the filling out of the sample sheet for the site (field sheet 

and chain of custody), and takes a photo of the site. The monitoring site where the 
sample is collected does not change from event to event so the GPS coordinates 
remain the same from event to event. The names of the sampling crew are 
recorded on the sample sheet. 

2. Ice chests to be used at the site are carried from the vehicle to the sample site. 
3. Date, sampler, and time of sample are recorded on the bottles within the chests. 
4. Field instruments are checked against the standard solutions (pH and EC) where 

appropriate, and the data recorded. 
5. Field sampling technician will don powder free, nitrile gloves to guard against 

contamination. 
6. If entry into the water is required, field technician approaches the sampling point 

from downstream to minimize the chance of sediment in the collection field. If 
sediment is materially disturbed, the zone must be allowed to clear before 
collecting a sample. (surface water sampling) 

7. Samples will be taken with a large carboy to minimize the number of bottles 
carried into the water body. Once filled, the contents of the carboy will be 
transferred into the actual preserved sample containers. 

8. After all bottles have been filled, a fresh sample is analyzed for field parameters: 
pH, EC, temperature and dissolved oxygen. The stream velocity is also measured 
and recorded on the field log for surface water sampling. 

9. Water samples are collected until all bottles are filled. Care is exercised to repack 
the bottles to prevent breakage. 

10. If a duplicate sample is to be collected at the site, steps 5 – 9 are repeated. 
11. Site photos are taken, with photos of the sampling point, upstream and 

downstream. (surface water sampling) 
12. “Blue” or gel ice is placed in the chests once they are carried back to the vehicle. 
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 Following Collection 
 

After the samples are returned to the office, and offloaded from the vehicle, 
cubed ice is packed into the chests (blue ice is removed). Chemical test samples are 
then transported to the lab. Water Column Toxicity samples are stored within the 
office for transport the next morning if the sampling crew returns too late in the day 
to package and ship to the aquatic toxicity laboratory. 
 

The Laboratory will provide additional sample containers for the Field 
Duplicate and Site Specific QC (MS/MSDs). The laboratory will identify the bottles by 
location and by sample type (Dup, MS/MSD). It is critical that the sampling crew fill 
ALL bottles provided in the manner specified by the laboratory. Failure to fill all 
containers may result in insufficient quality control data to meet the project data 
quality objectives. 

 
There is limited sampling equipment required for the collection of both 

aqueous and sediment samples. For the aqueous samples, a large 3-L carboy is the 
only container that may be reused between sampling location. To that end, the carboy 
will be triple rinsed between sampling locations using 300mL of laboratory grade 
deionized water. The use of any detergent as a cleansing agent could be problematic 
given the low reporting limit requirements of the program. Once triple rinsed, the 
carboy will be sealed and remain closed until the next sampling location.  Prior to 
collection at the next site, the carboy  shall be rinsed  under the above matrix prior to 
collecting any samples. 

 
Alternatively, the Laboratory may elect to use virgin bottleware for the 

collection of samples. If so, no decontamination procedures are required. Additional 
carboys and any other sampling devices will be carried in the event that there is a 
problem with the carboy or other device that might be shared between locations. 

 
For the sediment samples, the trowel or large scoop is the only device that may 

be in contact with each sample. Therefore, after use it will be first rinsed with water 
from the stream where the sample was collected. This is done to remove any 
remaining solids. It will then be triple rinsed with deionized water, stored in a clean 
Zip-lock bag and kept sealed till the next sampling site. Once at the next location, it 
will be rinsed in the river or stream prior to the collection of the next sample. 

 
Post Collection Handling 
 

Transport represents the greatest risk to the sample once collected, and every effort 
shall be made to package the samples in protective materials. Glass containers are wrapped 
in “bubble-wrap” both before and after sample collection. Care is exercised when placing the 
“blue-ice” temperature control materials within the ice chests after the sample is collected, 
to prevent breakage. Travel speeds on unimproved roads are also limited. 
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Water Column Toxicity samples are collected in 1-gallon cubitainer jugs, with 6 
gallons of sample per site.  Each jug is rinsed using sample water prior to filling with the final 
sample. Headspace is left at top of bottle to reduce risk of bottle breakage at lab.   
 
 As stated in the SOP section (Appendix B.1), the field instruments are rinsed in 
distilled water after the second (duplicate) reading, and stored within the instrument case.  
The pH meter is returned to a container containing pH 7 solution for transport. 
 
 Problems are always unforeseen. Barring a technical failure in the field 
instrumentation or an accident during or between the sampling events, most anticipated 
issues can be dealt with in a manner that will not substantially affect data usability.  However, 
technical failures will result in the loss of all data generated by the field instrument from the 
point of failure on due to the need to return the instrument to the manufacturer for repairs. 
Battery issues are eliminated by inspecting the instrument during calibration and by 
maintaining backup supplies for field activities. 
 
 Automobile accidents or the dropping of a sample container are by nature 
unpredictable. 
 
 Access restrictions to the monitoring site are likely to be rare, and corrected (if 
practical) by hiking to the site. 
 
 Sufficient staff exists to cover a sampling event in the event of scheduling conflict or 
illness. 
 
 The only samples that require homogenization are the sediment samples, which are 
collected across the entire main waterway. Individual containers of approximately 1L will be 
collected with a sufficient number filled to cover all the testing required including the Toxic 
Identification Evaluation (TIE) if required. Once transported back to the Laboratory, all 
individual containers will be emptied and combined into a single sample. The sample will be 
homogenized in a large stainless steel container and once thoroughly mixed, returned to the 
original containers. These individual containers will then be distributed to the primary 
contract Laboratory as well as any subcontract laboratories.   
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ELEMENT 12:  SAMPLE HANDLING AND CUSTODY 

 
 Samples are to be collected only in containers provided by the laboratory.  Substitute 
containers are strictly forbidden as the integrity of such containers  would be unknown.  Any 
alternative containers provided to the laboratory will be rejected unless otherwise 
authorized in writing by the Project Coordinator and Program QA Manager. 
 
 Using the correct container is critical as each test method has specific preservation 
requirements. Samples are preserved to ensure that the condition of the sample at the time 
of analysis is consistent with the conditions as it existed in the field. The laboratory uses a 
variety of conditions to inhibit bacterial growth that would degrade target analytes, to 
prevent certain constituents from precipitating and falling out of solution, to prevent 
oxidation/reduction of the various constituents, and to prevent parameters from evolving 
off as a gas. The preservation technique and storage requirements for each test method are 
listed in Table 6. 
 
 Once collected, each sample and analysis has a finite amount of time before it must be 
prepared or analyzed. If the time period (known as the holding time) expires, the results may 
be considered invalid and would normally be a cause for rejection of the subsequent data. 
The holding times for each test method are listed in the following Table 6. 
 
Table 6:  Method Preservation, Storage and Holding Time Requirements  

Parameter Preservative Container Storage Hold Time 
to Prepare 

Hold Time 
to Analyze 

Ammonia/Ammonium H2SO4 Plastic <6°C 28 Days - 
Carbamates None Clear Glass <6°C 7 Days 40 Days 
Carbonate/Bicarbonate None Plastic <6°C - 14 Days 
Glyphosate Na2S2O3 Amber Glass <6°C 14 Days - 
Hardness (Calc) HNO3 Plastic Ambient - 180 Days 
Herbicides None Amber Glass <6°C 7 Days 40 Days 
Metals HNO3 Plastic Ambient - 180 Days 
Metals (Dissolved) None Plastic Ambient - 180 Days 
Nitrate, Nitrite None Plastic <6°C - 48 Hours 
OCl Pesticides None Amber Glass <6°C 7 Days 40 Days 
OP Pesticides None Amber Glass <6°C 7 Days 40 Days 
o-Phosphate None Plastic <6°C - 48 Hours 
Paraquat Na2S2O3 Amber Plastic <6°C 7 Days 21 Days 
Pathogens Na2S2O3 Acrylic <6°C 8 Hours - 
Pyrethroids (Sediment) None Clear Glass <6°C 14 Days 40 Days 
Solids (TDS and TSS) None Plastic <6°C - 7 Days 
TOC H3PO4 Clear Glass <6°C - 28 Days 

Toxicity 
Chilled to 

<6°C/wet ice 
Plastic <6°C - 36 Hours 

Triazine Pesticides None Amber Glass <6°C 7 Days 40 Days 
Turbidity None Plastic <6°C - 48 Hours 
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 Samples are transported within ice chests that contain “blue ice” blocks to maintain 
low temperatures until the samples can be packed with wet ice. Glass bottles are wrapped in 
bubble wrap to prevent breakage (it also insulates the samples before they are packed in 
ice). Toxicity samples are repacked in ice (or have the levels checked) the next morning prior 
to transport. 
 
 Chains of custody forms are provided by the contracted lab and include all of the 
required information for the proper handling of the samples collected. As the sample passes 
from the control of one entity to another, the form is signed off by the responsible parties. 
Copies of the completed custody forms are provided with the final lab reports.   
 
 The Quality Assurance Manager and Laboratory Coordinators are responsible for the 
review and filing of the chains of custody forms. 
 
 Once at the lab, the condition of the samples is logged, with copies of the log appended 
to the lab report. Barcodes are attached to the samples and logged in a computerized tracking 
system. 
 
 Storage of the samples, once they are released to the lab, will be at the condition 
specified above. Any exceptions to the holding times listed above are noted in the laboratory 
report and are addressed on a case by case basis. Sample preservation is effectively handled 
by the chemistry lab as the bottles supplied are pre-treated with the proper preservation (if 
required, see above Table 6). Samples with pH preservation will be checked on receipt to 
verify that the sample has reached the proper pH. Any deviations from the method 
preservation requirements will be brought to the attention of the Project Lead. The 
laboratory will not proceed with the analysis of any improperly preserved samples without 
the approval of the Project Lead. Any samples analyzed that were not received under proper 
preservation will be noted in the report case narrative. 
 
 Records are maintained within the contracted lab that includes the checking in and 
out of samples during the analytical process as well as the disposal of samples following 
completion of the analytical process and archival. Samples are held under proper storage 
conditions until all analyses are conducted. Once complete, samples will be moved to a 
temporary archive where they await disposal. Samples are held by the laboratory for 60 days 
prior to being disposed. 
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ELEMENT 13:  ANALYTICAL METHODS AND FIELD MEASUREMENTS 

 
Standard Operating Procedures 
 
 The contract laboratory utilizes a number of EPA or Standard Methods preparation 
and determinative methods. The laboratory has SOPs for each method employed as well as 
SOPs for the procedural activities in the laboratory. The following Table 7 lists the method 
specific SOPs for this project with the current revisions at the time of submittal of this QAPP. 
Laboratory SOPs are periodically reviewed and may be updated as necessary. 
 
Table 7:  Standard Operating Procedures 

Parameter Method Description Doc ID Rev. Date 

Ammonia Ammonia by Gas Diffusion and 

Automated Phenate 

IO-SP-0036-01 

 

1/16/15 

 

Anions Anions by Ion Chromatography IO-SP-0085-03 12/18/17 

Alkalinity Alkalinity by PC-Titrate IO-SP-0061-09 8/17/16 

Glyphosate Glyphosate by HPLC, Post Column 

Derivatization 

OR-SP-0009-06 7/28/17 

Hardness Hardness by Calculation IO-SP-0044-02 2/17/17 

Metals Metals by ICP-MS 

Metals by ICP-AES 

Total Recoverable Metals Preparation 

MT-SP-0008-01 

MT-SP-0007-01 

MT-SP-0001-01 

11/2/17 

11/6/17 

10/31/18 

Ortho-Phosphate and 

Phosphorus 

o-Phosphate and Phosphorus by Ascorbic 

Acid Reduction 

IO-SP-0072-04 6/20/16 

Paraquat Paraquat by SPE, HPLC-UV OR-SP-0011-06 5/25/17 

Pathogens Multi-Tube Fermentation for Total and 

Fecal Coliform, and E. Coli 

WM-SP-0002-04 11/14/17 

Pesticides – N,P, 

Pyrethroids 

Nitrogen, Organophosphorous Pesticides 

Pyrethroid Pesticides by GC/MS 

OR-SP-0034-02 2/17/17 

Pesticides – OCl Organochlorine Pesticides by GC-ECD OR-SP-0019-04 3/28/17 

Solids (TDS and TSS) Solids by Gravimetric Determination IO-SP-0020-05 3/29/16 

Total Organic Carbon TOC by TOC analyzer (SM 5310C) IO-SP-0067-07 12/18/17 

Toxicity – Algae Chronic toxicity EPA-821-R-02-013 2002 

Toxicity – Flea Acute toxicity EPA-821-R-02-012 2002 

Toxicity - Minnow Acute toxicity EPA-821-R-02-012 2002 

Toxicity - Hyalella 10 Day Sediment Survival and Growth 

Test – Hyalella azteca 

EPA-600-R-99-064 2000 

Turbidity Turbidity by Nephelometry IO-SP-0029-04 4/20/15 

Sample Collection Field Sampling from Streams, Rivers and 

Canals 

SR-SP-0015-01 6/8/16 

Sample Collection Safety for Stream and Canal Sampling SF-SP-0010-00 6/6/16 

 
Copies of these SOPs can be found in Attachment B. These SOPs are considered proprietary 
information by the laboratory and will be redacted for the purpose of the public version of 
this QAPP. 
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Instrumentation 
 
 The contract laboratory will utilize a wide range of equipment in the performance of 
the analytical testing. While not exhaustive in content, the following list of equipment 
represents the minimal amount of instrumentation required to perform the testing under 
this Plan. The list does not indicate each individual piece of equipment as the laboratory 
maintains redundant equipment in many cases. 
 

See Tables 11, 12 and 13 for a listing of field and laboratory instrumentation. 
 
Field Monitoring 
 
 All field measurements will be performed at the time of sampling. There will be no in 
situ or continuous monitoring of field conditions at the specific monitoring sites. Any 
information about the conditions at the sampling points between sampling events would 
need to be inferred from other indirect sources such as water flows at points upstream or 
downstream or measurements made or samples collected and analyzed for other purposes.   
Otherwise, there are no other requirements for the deployment, maintenance, calibration or 
storage of related data for field equipment. 
 
Method and Instrument Performance Criteria 
 
 The contract laboratory performs testing for several watersheds in support of their 
ILRP monitoring requirements. The test methods employed have been tailored to meet the 
requirements of this Plan to ensure compliance with the General Order, WDR and QAPP 
guidelines. All methods utilized are based on approved, standardized methods.  There are no 
other “in-house” or non-standardized methods used for this Plan. 
 
The contract laboratory will observe the following list of performance criteria for the testing 
done in support of this Plan. 
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Quantitation and Detection Limits 
 
Table 8:   Methods, Reporting Limits and Detection Limits 

  BSK Reporting Information 

Constituent ILRP PQL RL MDL1 Units Method 

Physical Parameters           

Flow  1 -   - cfs  Field 

pH  0.1 0.1   - pH Units  Field 

EC 100 5   -  umhos/cm Field 

DO 0.1  0.1  -  mg/L Field 

Temp 0.1  -  - °C  Field 

Turbidity 1 0.1 - NTU SM 2130B 

TDS - 10 - mg/L SM 2540C 

TSS 10 10 - mg/L SM 2540D 

Hardness as CaCO3 10 0.41 - mg/L SM 2340B 

TOC - 0.5 0.086 mg/L SM 5310C 

Percent Solids / Moisture - 0.1 - % SM 2540B 

Pathogens           

Fecal Coliform 2 1.8 - MPN/100mL SM 9221E 

E. coli 2 1.8 - MPN/100mL SM 9221F 

Water Column Toxicity           

Algae  NA NA NA 
Cell/mL,  

% Growth  EPA 821-R-02-013 

Water Flea  NA NA NA % Survival  EPA 821-R-02-012 

Fathead Minnow  NA NA NA % Survival   EPA 821-R-02-012 

Sediment Toxicity           

Hyalella azteca  NA NA  NA % Survival    EPA 600-R-99-064  

Carbamates           

Aldicarb 0.5 0.4 0.017 ug/L EPA 8321A 

Carbaryl 0.5 0.1 0.022 ug/L EPA 8321A 

Carbofuran 0.5 0.1 0.021 ug/L EPA 8321A 

Methiocarb 0.5 0.4 0.014 ug/L EPA 8321A 

Methomyl 0.5 0.1 0.018 ug/L EPA 8321A 

Thiobencarb - 0.5 0.0065 ug/L EPA 8270C 

Oxamyl 0.5 0.4 0.021 ug/L EPA 8321A 

Organochlorines          

DDD 0.02 0.01 0.00072 ug/L EPA 8081A 

DDE 0.01 0.01 0.00061 ug/L EPA 8081A 

DDT 0.01 0.01 0.0007 ug/L EPA 8081A 

Dicofol 0.1 0.1 0.015 ug/L EPA 8270C 

Dieldrin 0.01 0.01 0.00097 ug/L EPA 8081A 
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  BSK Reporting Information 

Constituent ILRP PQL RL MDL1 Units Method 

Endrin 0.01 0.01 0.00081 ug/L EPA 8081A 

Methoxychlor 0.05 0.01 0.00091 ug/L EPA 8081A 

Toxaphene - 0.5 0.035 ug/L EPA 8081A 

Organophosphates           

Azinphos-methyl (Guthion) 0.1 0.1 0.032 ug/L EPA 8270C 

Chlorpyrifos 0.015 0.015 0.0029 ug/L EPA 8270C 

Diazinon 0.02 0.02 0.0036 ug/L EPA 8270C 

Dichlorvos 0.1 0.1 0.0048 ug/L EPA 8270C 

Dimethoate 0.1 0.1 0.0075 ug/L EPA 8270C 

Demeton-S (Demeton [O,S]) 0.1 0.1 0.025 ug/L 
EPA 8270C or 

EPA 8321A 

Disulfoton 0.05 0.05 0.025 ug/L 
EPA 8270C or 

EPA 8321A 

Malathion 0.1 0.1 0.0046 ug/L EPA 8270C 

Methamidophos 0.2 0.2 0.022 ug/L 
EPA 8270C or 

EPA 8321A 

Methidathion 0.1 0.1 0.011 ug/L EPA 8270C 

methyl Parathion 0.1 0.1 0.003 ug/L EPA 8270C 

Phorate 0.2 0.1 0.0033 ug/L EPA 8270C 

Phosmet 0.2 0.2 0.03 ug/L EPA 8270C 

Herbicides           

Atrazine 0.5 0.5 0.029 ug/L EPA 8270C 

Simazine 0.5 0.5 0.024 ug/L EPA 8270C 

Cyanazine 0.5 0.5 0.036 ug/L EPA 8270C 

Diuron 0.5 0.4 0.022 ug/L EPA 8321A 

Molinate - 0.5 0.0043 ug/L EPA 8270C 

Glyphosate 5 5 2.1 ug/L EPA 547 

Paraquat 0.5 0.4 0.21 ug/L EPA 549.2 

Linuron 0.5 0.4 0.014 ug/L EPA 8321A 

Trifluralin 0.05 0.05 0.0056 ug/L EPA 8270C 

Metals (Total /Dissolved)          

Arsenic 1 0.2 0.059 ug/L EPA 200.8 

Boron 10 10 4.6 ug/L EPA 200.8 

Cadmium 0.1 0.1 0.075 ug/L EPA 200.8 

Calcium - 0.1 0.046 mg/L EPA 200.7 

Copper 0.5 1.1 0.49 ug/L EPA 200.8 

Lead 0.5 0.2 0.041 ug/L EPA 200.8 

Magnesium - 0.1 0.046 mg/L EPA 200.7 

Molybdenum 1 0.5 0.32 ug/L EPA 200.8 

Nickel 1 1 0.20 ug/L EPA 200.8 
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  BSK Reporting Information 

Constituent ILRP PQL RL MDL1 Units Method 

Potassium - 2 0.91 mg/L EPA 200.7 

Selenium 1 1 0.76 ug/L EPA 200.8 

Sodium - 1 0.46 mg/L EPA 200.7 

Zinc 1 1 0.68 ug/L EPA 200.8 

Nutrients           

Nitrate-N 0.05 0.06 0.028 mg/L EPA 300.0 

Nitrite-N 0.05 0.05 0.020 mg/L EPA 300.0 

Ammonia 0.1 0.1 0.038 mg/L EPA 350.1 

Orthophosphate (as P) 0.01 0.01 0.0049 mg/L SM 4500-P E 

Phosphorus-P - 0.01 0.0015 mg/L SM 4500-P E 

       General Mineral       

Carbonate as CaCO3 - 3 - mg/L SM 2320B 

Bicarbonate as CaCO3 - 3 - mg/L SM 2320B 

Chloride - 1 0.51 mg/L EPA 300.0 

Sulfate - 1 0.40 mg/L EPA 300.0 

Pyrethroids / Chlorpyrifos           

Chlorpyrifos - 10 0.36 ug/Kg EPA 8270C 

Bifenthrin 1.0  1.0 0.12 ug/Kg EPA 8270C 

Cyfluthrin  1.0  2.0 0.39 ug/Kg EPA 8270C 

Cypermethrin  1.0  2.0 0.54 ug/Kg EPA 8270C 

Deltamethrin - 2.0 0.47 ug/Kg EPA 8270C 

Esfenvalerate (+Fenvalerate)  1.0  1.0 0.45 ug/Kg EPA 8270C 

Fenpropathrin  1.0  1.0 0.077 ug/Kg EPA 8270C 

Permethrin (cis-Permethrin)  1.0  1.0 0.11 ug/Kg EPA 8270C 

Lambda Cyhalothrin  1.0  1.0 0.062 ug/Kg EPA 8270C 

Piperonyl Butoxide - 0.5 0.19 ug/Kg EPA 8270C 

1. The MDLs listed are those in existence at the time this QAPP was written.  MDLs may change over time 
as the laboratory conducts ongoing studies due to changes in the method or equipment or is required 
to do so as per the SWAMP requirements. 

 
Method Performance 
 
 The laboratory will observe the following method and instrument criteria for this 
project. 
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Table 9:  Laboratory Method QC Criteria 

Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

Ammonia 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

10%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<RL 1 per batch 

of 20 

samples,  

90-110% 

1 per batch 

of 20 

samples, 

20% RPD 

1 per batch 

of 20 

samples,  

90-110% 

1 per batch 

of 20 

samples, 

20% RPD 

≤25% RPD N/A 

Carbamates 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

10%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<MDL 1 per Batch 

of 20 

Samples,  

50-150% 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 20 

Samples,  

50-150% 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, 

50-150% 

          

Glyphosate 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

20%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 20% 

<MDL 1 per batch 

of 20 

samples,  

70-130% 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per batch 

of 20 

samples,  

70-130% 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, 70-

130% Rec 
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Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

Hardness (Calc) Performed by 

Calculation. See 

Metals QC 

Criteria. 

Performed by 

Calculation. See 

Metals QC Criteria. 

<RL 

 

Performed 

by 

Calculation. 

See Metals 

QC Criteria. 

Performed 

by 

Calculation. 

See Metals 

QC Criteria. 

Performed 

by 

Calculation. 

See Metals 

QC Criteria. 

Performed 

by 

Calculation. 

See Metals 

QC Criteria. 

≤25% RPD N/A 

Herbicides 5 Pts Min. 

(Linear Fit, 

R≥0.995 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

30%, 

Continuing 

Verification every 

20 field samples, 

%Diff ≤ 15% 

<MDL 1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 10 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

Metals Single Point 

calibration plus 

Calibration 

Blank, multi-

point curves 

must be fit 

using Linear 

Regression, 

R≥0.995 

2nd Source 

Verification 

following 

calibration, %Diff ≤ 

10%, 

Reporting Limit 

Verification 

following 

calibration, %Diff ≤ 

10%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<2.2x 

MDL 

1 per batch 

of 20 

samples,  

85-115% 

1 per batch 

of 20 

samples, 

20% RPD 

1 per batch 

of 20 

samples,  

70-130% 

1 per batch 

of 20 

samples, 

20% RPD 

≤25% RPD N/A 
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Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

Anions –  

Nitrate, Nitrite, 

Chloride, Sulfate 

5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

10%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<RL 1 per batch 

of 20 

samples, 90-

110% 

1 per batch 

of 20 

samples, 

20% RPD 

1 per batch 

of 10 

samples,  

80-120% 

1 per batch 

of 10 

samples, 

20% RPD 

≤25% RPD N/A 

OCl Pesticides 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

30%, 

Continuing 

Verification every 

20 field samples, 

%Diff ≤ 15% 

<MDL 1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

OP Pesticides 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

30%, 

Continuing 

Verification every 

20 field samples or 

12 hours , %Diff ≤ 

20% 

<MDL 1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 
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Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

o-Phosphate 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

15%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<RL 1 per batch 

of 20 

samples,  

90-110% 

1 per Batch 

of 20 

Samples, 

20% RPD 

1 per batch 

of 20 

samples,  

80-120% 

1 per Batch 

of 20 

Samples, 

20% RPD 

≤25% RPD N/A 

Phosphorus 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

15%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<RL 1 per batch 

of 20 

samples,  

90-110% 

1 per Batch 

of 20 

Samples, 

20% RPD 

1 per batch 

of 20 

samples,  

80-120% 

1 per Batch 

of 20 

Samples, 

20% RPD 

≤25% RPD N/A 

Paraquat 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

20%, 

Continuing 

Verification at the 

beginning of the 

run, every 8 hours 

or 20 samples 

minimally 

<MDL 1 per batch 

of 20 

samples,  

70-130% 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per batch 

of 20 

samples,  

70-130% 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD N/A 
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Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

thereafter, %Diff ≤ 

20% 

Pathogens N/A N/A <RL1 N/A1 N/A N/A N/A ≤25% RPD N/A 

          

          

Pyrethroids 5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

30%, 

Continuing 

Verification every 

20 field samples or 

12 hours , %Diff ≤ 

20% 

<MDL 1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

Solids (TDS, TSS) N/A N/A <RL (TDS Only) 

1 per Batch 

of 20 

Samples, 70-

130% 

N/A N/A <20% RPD 

(Lab Dup) 

≤25% RPD N/A 

Toxicity N/A N/A 0% 0% NA NA NA NA NA 

Triazine 

Pesticides 

5 Pts Min. 

(Linear Fit, 

R≥0.995) 

6 Pts Min. 

(Non-linear fit.  

R²≥0.99) 

2nd Source 

verification 

following 

calibration, %Diff ≤ 

30%, 

Continuing 

Verification every 

20 field samples or 

<MDL 1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

1 per Batch 

of 20 

Samples, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 

1 per Batch 

of 20 

Samples, 

30% RPD 

≤30% RPD Applied to 

all samples 

and QC, Rec 

Range 

Varies, Avg. 

Rec ± 3SD, 

See attached 

specification 

sheet 
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Parameter Calibration Calibration 
Verification 

Method 
Blank 

Laboratory 
Control 
Spike (LCS) 

LCS 
Duplicate 

Matrix 
Spike (MS) 

Matrix 
Spike 
Duplicate 
(MSD), Lab 
Duplicate 

Field 
Duplicate 

Surrogate 
Recovery 

12 hours , %Diff ≤ 

20% 

 

 

         

Turbidity Single Point 

calibration plus 

Calibration 

Blank, 

dependent on 

expected range 

of use 

2nd Source 

Verification 

following 

calibration, %Diff ≤ 

10%, 

Reporting Limit 

Verification 

following 

calibration, %Diff ≤ 

10%, 

Continuing 

Verification every 

10 field samples, 

%Diff ≤ 10% 

<RL N/A N/A N/A <20% RPD 

(Lab Dup) 

≤25% RPD N/A 

Alkalinity - 

Carbonate, 

Bicarbonate 

N/A N/A <RL 1 per Batch 

of 20 

Samples, 80-

120% 

1 per Batch 

of 20 

samples, 

20% RPD 

N/A <20% RPD 

(Lab Dup) 

≤25% RPD N/A 

          

1. Pathogen analysis requires a daily positive control and negative control.  BSK also performs a daily sterility check on prepared media. 
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Disposal Procedures 
 
 Most of the sample collected for any given monitoring event will be consumed as part 
of the analyses. However, as noted above, the contract laboratory will retain the remaining 
sample volume for a period of 60 days from receipt of the samples, approximately 45 days 
from the completion based on the standard turnaround time of 10 business days. 
 
 Once identified for disposal, samples are segregated into groups according to their 
waste classification. Any samples identified as hazardous based on the outcome of their 
testing will be put into the laboratory’s waste streams and handled in accordance with EPA 
and DTSC regulations. Samples that are not determined to be hazardous based on the results 
of their testing will be disposed of according to their preservation type. Acidic and caustic 
samples will be neutralized and discarded down the sanitary sewer according to the local 
and Federal pre-treatment guidelines. Samples that are neutral are poured directly into the 
drain and flushed. Sample containers are rinsed and then recycled according to their 
material classification. 
 
 The laboratory maintains disposal records to indicate when each set of samples has 
been disposed. 
 
Corrective Action Measures 
 
 The laboratory will take a variety of corrective actions for material failures related to 
sample conditions, holding time failures, preservation problems and quality control failures. 
All failures and corrective actions will be documented in the form of a data qualifier and / or 
addressed in detail in the Case Narrative at the beginning of the laboratory report. The 
details of these responses are included in the various method SOPs and other related 
supporting documentation. However, the general corrective actions related to a number of 
common QC failures are listed below: 
 
 Calibration Linearity failures are often caused by instrumentation that is in need of 
maintenance. If a calibration curve fails to meet linearity criteria, the instrument will be 
repaired and likely a new set of calibration standards prepared. Once complete, the 
instrument will be recalibrated. 
 

Initial (ICV) and Continuing Calibration (CCV) failures occur periodically on the 
laboratory instrumentation. Often times these failures are associated with running large 
numbers of dirty samples which deteriorate the performance of the equipment. ICV failures 
will generally be handled by the preparation of a new set of calibration standards and ICV 
standard, and reanalysis of the ICV and CCV. This is often done in conjunction with 
maintenance performed consistent with that tied to calibration linearity problems. 
 
 Method Blank Contamination failures indicate that the ambient laboratory 
background may be contributing to sample contamination. The response to specific methods 
will vary but in general, any detection over a Reporting Limit (RL) will result in the re-
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preparation and reanalysis of the associated samples unless the sample results are greater 
than 10x that found in the blank. Certain methods have corrective action requirements for 
detections above the MDL or at a multiple of the MDL. Those will be addressed on a case by 
case basis. All detections in the Method Blanks having a material impact on the data as 
defined by the ILRP QAPP guidelines will be addressed in the report case narrative. 
 
 Laboratory Control Spike Recovery and Precision failures are indicative of a problem 
in the analytical procedure. Recovery failures are generally addressed by a re-preparation 
and reanalysis of all samples and QC indicators. Several exceptions may be made where 
recoveries exceed the upper control limit and samples are non-detected for the failed 
compound. Precision failures will generally follow the same corrective action plan unless the 
RPD limit is narrower than the acceptance range for Recovery performance.  Under those 
circumstances, the laboratory will not reject the results but will qualify the data to note the 
failure. 
 
 Matrix Spike Recovery and Precision failures indicate that the sample matrix itself 
may have some adverse effect on the method performance. However, if the LCS/LCSD 
recoveries meet control criteria, no corrective action will be needed. The problem at that 
point is assumed to be associated with the sample matrix itself and beyond the reasonable 
control of the laboratory. Sample results will be qualified and a note will be made in the case 
narrative. However, repeated failures for the same analyte will trigger an investigation as 
the ongoing failure may indicate that the method is poorly suited for a particular sample type 
and should be modified to address the performance issue. 
 
 Laboratory Duplicate failure may indicate a problem with sample homogeneity. On a 
Lab Duplicate failure, the sample itself will be examined for obvious matrix homogeneity 
issues. If there are no obvious reasons for the nature of the failure, the samples will be re-
prepared and reanalyzed. If an obvious cause is determined, the sample results will be 
qualified and a note made in the case narrative. However, laboratory duplicate failures that 
occur when sample results are less than 10x the RL will be ignored as the magnitude of the 
RPD can be disproportionately affected by low sample results. 
 
 Field Duplicate failures indicate homogeneity or sampling issues that occur in the 
field. No corrective action is taken with such failures with the exception of qualifying the data 
and making a notation in the case narrative. 
 
 Surrogate Recovery failures will be addressed on a case by case basis. Samples with 
failing surrogate recoveries may be biased either high or low. Surrogate failures on clean 
matrices with no obvious sample interferences will be re-extracted if possible. Repeated 
failures will be assumed to be caused by matrix interference. If no re-extraction is possible, 
the data will be qualified. High surrogate failures on non-detected samples will be treated as 
immaterial to data usability and qualified only to call attention to the failure. 
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ELEMENT 14:  QUALITY CONTROL 

 
The laboratory will perform the following QC measures listed in Table 10 under this Plan. 
 
Table 10:  Required Quality Control by Method 

 Samples 
per 
Batch 

Method 
Blank 

LCS / 
LCSD 

MS / 
MSD 

Lab 
Dup 

Surr. 
Spike 

Field 
Dup 

Ammonia 20 X X X  N/A X 
Bicarbonate/ 
Carbonate Alkalinity 

20 X X  X N/A X 

Carbamates 20 X X X  X X 
Glyphosate 20 X X X  X X 
Hardness (Calc) 20 X3 X3 X3  N/A X 
Herbicides 20 X X X  X X 
Metals 20 X X X  N/A X 
Anions 20 X X X  N/A X 
OCl Pesticides 20 X X X  X X 
OP Pesticides 20 X X X  X X 
o-Phosphate 20 X X X  N/A X 
Phosphorus 20 X X X  N/A X 
Paraquat 20 X X X   X 
Pathogens - X1 X1 N/A  N/A X 
Pyrethroids 20 X X X  X X 
TOC 20 X X X  N/A X 
TDS 20 X X2  X N/A X 
TSS 20 X   X N/A X 
Triazine Pesticides 20 X X X  X X 
Turbidity 20 X N/A N/A X N/A X 
Toxicity NA X4 X4 N/A NA N/A X 
        

1. Laboratory performs a sterility check, positive and negative control per day 

2. Laboratory analyzes a certified standard reference material for TDS 

3. QC for Hardness performed in analysis of Calcium and Magnesium which are used to determine Hardness 
by calculation 

4. Laboratory performs a 0% control per test batch and reference toxicant per test batch or monthly 
depending on the species. 

 
 
QC Definitions and Specifications - Chemistry 
 
Method Blank 
 

The method blank is a simulated sample comprised of a clean, interference-free 
matrix (typically deionized water) that is carried through the sample preparation and 
analysis procedure.  It is used to determine if the ambient laboratory background is free from 
contaminants that may influence sample results. The results of the Method Blank are 
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assessed against the MDL and RL, depending on the method. Contamination in a method 
blank may require corrective action as described in Element 13. 
 
Laboratory Control Spike / Duplicate (Blank Spike / Duplicate) 
 

The Laboratory Control Spike – sometimes referred to as Blank Spike – is an 
interference-free matrix that is fortified with the target analyte at a level reasonably 
expected to be found in the field sample. Alternatively, laboratories typically fortify at a level 
that is roughly the midpoint of the calibration range. The result obtained for this “spike” is 
compared to the level of fortification that results in a recovery value. The recovery is 
compared to a set of control limits to determine if the method is performing as expected. 
 
LCS or BS recovery is determined according to the following calculation: 
 

% Recovery =  
𝑅𝑒𝑠𝑢𝑙𝑡 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑

𝐹𝑜𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑒𝑣𝑒𝑙
 × 100 

 
LCS or BS Duplicate results are evaluated not only for recovery but also for Relative Percent 
Difference (RPD), a measure of precision. RPD is determined by the following calculation: 
 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  
|𝐿𝐶𝑆 𝑅𝑒𝑠 − 𝐿𝐶𝑆𝐷 𝑅𝑒𝑠|

𝐴𝑣𝑔 (𝐿𝐶𝑆, 𝐿𝐶𝑆𝐷)
 × 100 

 
 
Matrix Spike / Duplicate 
 
 The Matrix Spike (MS) is a sample that has been fortified in the same manner as the 
LCS or BS. The MS result demonstrates the impact of the sample matrix on the method 
performance. MS performance is also based on recovery that is calculated as follows: 
 

% Recovery =  
(𝑀𝑆 𝑅𝑒𝑠𝑢𝑙𝑡 − 𝑀𝑆 𝑃𝑎𝑟𝑒𝑛𝑡 𝑆𝑎𝑚𝑝𝑙𝑒 𝑅𝑒𝑠𝑢𝑙𝑡)

𝐹𝑜𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑒𝑣𝑒𝑙
 × 100 

 
The Matrix Spike is also performed in duplicate to provide the data user with an indication 
of the impact of the sample matrix on the precision or reproducibility of the method. The MS 
Duplicate is assessed by RPD which is calculated as follows: 
 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  
|𝑀𝑆 𝑅𝑒𝑠 −  𝑀𝑆𝐷 𝑅𝑒𝑠|

𝐴𝑣𝑔 (𝑀𝑆, 𝑀𝑆𝐷)
 × 100 

 
 
Laboratory and Field Duplicates 
 
 A Laboratory Duplicate is a second aliquot of a sample taken from the same container 
as the original sample that is run in parallel with the original parent sample. The duplicate 
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performance will indicate if the method and / or sample has some inherent variability that 
is atypical for the method. Like the LCSD or MSD, the Laboratory Duplicate is assessed based 
on RPD that is calculated in the same manner, comparing the result of the parent sample to 
that of the duplicate and dividing by the average of the two observations. 
 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  
|𝑃𝑎𝑟𝑒𝑛𝑡 𝑅𝑒𝑠 − 𝐷𝑢𝑝𝑙𝑖𝑐𝑎𝑡𝑒 𝑅𝑒𝑠|

𝐴𝑣𝑔 (𝑃𝑎𝑟𝑒𝑛𝑡, 𝐷𝑢𝑝𝑙𝑖𝑐𝑎𝑡𝑒)
 𝑋 100 

 
 A Field Duplicate is a second collection of a sample, captured in its own unique 
container. The Field Duplicate is treated in the same manner as all other samples and is 
likewise assessed based on the same RPD calculation shown for the laboratory duplicate. 
 
 A failure of either the Laboratory or Field Duplicate indicates a potential lack of 
homogeneity in the sample collection or subsampling procedures.   
 

• On failure of a Field Duplicate, the laboratory will inspect the sample containers for 
any observable differences between the primary and duplicate samples. If a material 
difference is observed (e.g. significant suspended or settled matter, differences in 
color or other physical characteristics), the laboratory will review both the field logs 
and the sampling procedure for any potential sources of variation. If there is an 
indication that a sampling error occurred, then the Coalition will be notified to make 
a determination regarding the usability and representativeness of the sample. If no 
problems are identified, the data will be qualified to indicate the discrepancy between 
results and reported to the Coalition. 

 

• On failure of a Laboratory Duplicate, the laboratory will inspect the individual sample 
container used for the duplicate to ensure a correct subsampling occurred.  If there is 
no obvious source of error, the laboratory will reanalyze the sample in duplicate to 
assess the situation. If a repeated error occurs, then the original data will be qualified 
and reported to the Coalition. If the error is no longer observed, then the original 
results will be discarded and the reanalysis will be reported. If there is an observable 
homogeneity issue that the laboratory cannot overcome, the results will be qualified 
as estimated values and reported to the Coalition. 

  
 
QC Definitions and Specifications – Microbiology 
 
Method Blank (Sterility Check) 
 

The “method blank” for microbiology is a sterility check conducted on all the 
materials used in the analysis of all field samples, if the sterility check confirms there to be 
no ambient microbial background which could contribute to the presence of bacteria in the 
field samples. Positive growth in a sterility check would indicate that the materials used in 
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the analysis of the samples may be contaminated and therefore all associated results should 
be rejected as suspect. 

 
Negative Control 
 
 A Negative Control is used to ensure that the media used in the analysis of samples 
does not support growth for any pathogen other than that specifically targeted by the 
method. Should a Negative Control exhibit growth, it would indicate that the media in use is 
not specific enough for the pathogen and that growth observed for the samples may be 
attributable to species other than that of interest for the project. 
 
Positive Control 
 
 The Positive Control sample ensures that the media used in the analyses of a pathogen 
is suitable for growing the species of interest. If a positive control exhibits no growth, then 
sample results are suspect as potential false negatives. The positive control must exhibit 
some growth to prove that the media can support the culturing of the target species. 
 
 
QC Definitions and Specifications – Toxicology 
 
0% Control 
 
 The 0% Control is used to assess the cleanliness of the laboratory environment and 
the quality of the laboratory grade water used for sample dilution. The control should not 
experience any mortality, as this would be indicative of a toxic substance in the dilution 
water which is adding to any toxicity attributable to the sample. 
 
Reference Toxicant 
 
 The Reference Toxicant is a known toxicant that is tested with the organisms to 
evaluate their response.  This demonstrates that the method performance is within plus or 
minus two standard deviations from the mean of past tests conducted with a particular 
organism. 
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ELEMENT 15:  INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

 
 The ready availability of equipment shall be maintained by the contract laboratory 
and the TBWQC as they  are responsible for both the field and in-house laboratory analyses 
 
Field Instrumentation / Equipment 
 
 Field units are maintained constantly as they are subject to use on applications other 
than under this Plan. The instruments are used for non ILRP activities, and any indication of 
failure can quickly be addressed as the need arises. Batteries are replaced on a regular 
schedule to insure against failure in the field. Backup batteries and other parts subject to 
failure will be maintained in supply to ensure no material downtime. The instruments are 
regularly checked for calibration against known standards. Calibration will be documented 
as required below. 
 
 The field sampling crew will be responsible for ensuring that all support equipment 
is maintained and in good working order. Equipment that is damaged in a way that will 
adversely affect usage will be replaced. The equipment will be cleaned according to standard 
operating procedures in place for environmental field sampling prior to the sampling event 
and between sample monitoring sites. 
 
 The field instrumentation requiring Inspection, Maintenance and Calibration 
includes: 
 
Table 11:  BSK Field Instrumentation  

Instrument Make Model 

DO Meter Oakton DO 300 

EC, pH Meter, Temperature Oakton PC 10 

Flow Meter Global Water FP 211 

 
Table 12:  TBWQC Field Instrumentation  

Instrument Make Model 

DO, EC, pH, Temperature Meter YSI  Pro 

 
Laboratory Instrumentation 
 
 The contract laboratories have sufficient redundancy in their instrumentation to 
recover from the failure of any particular instrument.  Calibrations are ongoing, as are MDL 
studies and other indicators of method performance. The laboratory maintains service 
contracts for key pieces of equipment where redundant equipment is not feasible due to the 
substantial cost of replacement.  
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Compliance with method procedures is a must.  Instrument failures or anomalous 
data are documented in the laboratory report either in the form of a data qualifier or in the 
case narrative at the beginning of the laboratory report. 
 
Table 13:  Laboratory Instrumentation 

Instrument Make Model 
pH, EC, Alkalinity Titrator Mansci PC-Titrate 
Nutrient Analyzer Westco SmartChem 200 
Continuous Flow Analyzer Skalar 3000 
Ion Chromatograph Metrohm 930 Compact IC Flex 
HPLC-UV/Vis, Fluor, PDA Thermo Separations AS 3000 
HPLC-MS/MS AB Sciex 4000 
GC-ECD Agilent 7890 
GC-MS Agilent 6890/5975, 6890/5973 
TOC Analyzer Tekmar Phoenix 8000 
Turbidimeter HF Scientific DRT-15CE 
ICP Perkin Elmer Optima 8300 RL 
ICP-MS Perkin Elmer ELAN DRC IIe 
Oven VWR 1380FM 
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ELEMENT 16:  INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 

 
Field Instrumentation 
 
 Laboratory field technicians and the TBWQC are responsible for ensuring the 
inspection, maintenance, and when appropriate, the calibration of field instruments and 
equipment.   
 
 Field instruments are calibrated (or verified as being in calibration) prior to the 
beginning of the sampling event, and rechecked in the field using known standards.  
Instruments that require calibration checks include the EC, pH, and DO meters listed above.  
Calibration procedures will be conducted according to the contract laboratory SOPs and 
consistent with manufacturer recommendations. 
 

See Element 15 for a listing of equipment requiring calibration. 
 
Laboratory Instrumentation 
 
 Laboratory analysts and technicians are responsible for the inspection, maintenance, 
operation and, where appropriate, calibration of their assigned laboratory instrumentation. 
 
 Calibration at the laboratory is conducted according to method requirements.  
Specific schedules are outlined in the laboratory specific SOPs provided in Appendix B 
(Proprietary copy only). Checks include initial and continuing calibration verifications to 
demonstrate the instrumentation remains in calibration and operating normally. The 
laboratory will run a calibration point or a calibration verification check at or below the 
equivalent of the project reporting limit. This ensures that the instrumentation has adequate 
sensitivity to achieve the levels needed for the project. 
 

All calibration runs are documented and maintained by the laboratory in a manner 
consistent with its standard record retention requirements. Any deficiencies will be 
addressed according to the laboratory standard operating procedures. Corrective actions 
and additional details will be maintained in the laboratory’s log books and raw data.  Where 
applicable, these deficiencies will also be documented in the report Case Narrative should 
they have any material impact on data usability. 

 
See Element 15 for a listing of the equipment requiring calibration. 

  

Appendix E



ELEMENT 17:  INSPECTION / ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

 
The contract laboratory will be solely responsible for the procurement, inspection 

and acceptance of supplies and consumables. Given the substantial volume of samples 
processed and the requirements of the ISO-17025 based quality system, the laboratory has 
policies and procedures in place to qualify and determine the suitability of each material for 
use. Suppliers of reagents, standards, consumables, parts and other supplies are limited by 
the laboratory purchasing system to ensure that the laboratory always receives supplies it 
has determined are suitable for use. A single person within the contract laboratory is 
responsible for the ordering and receiving of supplies. 

 Standards and reagents are tracked within the laboratory using a system of 
identification numbers. This system allows the laboratory to be able to trace the source of all 
measurements to a specific lot for any given critical supply. This is especially true of all 
standard and reference materials that serve as the basis for all laboratory calibrations.  
Certificates of Analysis for analytical standards and reagents are collected and retained by 
the Laboratory Quality Assurance Manager according to the Laboratory’s record retention 
requirements. 

 Bottles and sampling supplies are included in this tracking system. Reagents used for 
preservatives are tracked and each bottle includes a lot number that can be traced to the day 
it was produced, the person who added the preservative where applicable, and the identity 
of the preservative used on that day. This allows the lab to trace any potential problems with 
a sample container back to the production source, permitting a retraction of sample 
container by lot number if required. 

 

ELEMENT 18:  NON-DIRECT MEASUREMENTS 

 
The are no non-direct measurements used in this program. All  flow rates within the 

system are obtained from the hydrologists or watermaster that supervises the delivery of 
irrigation water and monitors waterway flows. These values are derived based on the 
known discharges into the designated waterways and validated using flow measurements 
at key points within defined flow channels along the flow path. The flow rates are accurate 
to within 10% of the actual flows and deemed sufficiently accurate for the purposes of the 
program. Flow rates in the form of velocity measurements are one of the field parameters 
to be determined at the time of sample collection and will be the primary point of 
comparison when evaluating water flows at the time of collection. 
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ELEMENT 19:  DATA MANAGEMENT 
 

Presently, there are no In Situ or continuous measurements being made related to 
this Plan. Data production begins with field measurements and sample collection. All notes 
will be recorded on bound logbooks. Copies of the field documentation will be provided to 
the analytical laboratory for inclusion into the laboratory reports. The office where the 
sample crew originates will maintain the original records for a period of no less than five 
years, the same as the record retention policy of the laboratory. 

 
The data generated by the laboratory will exist in both electronic and hardcopy 

records, each held for a minimum of five years from the date of generation. This includes 
the Laboratory Information Management System database that houses all the results and 
supporting data associated with the samples. The contracted laboratory scans all hardcopy 
records into an electronic archival which is also maintained consistent with the record 
retention policy. 

 
Hardcopy data is held in a secure location controlled by the laboratory. Access is 

limited and records are disposed based on standard operating procedure. Electronic data – 
raw data files, scanned images, Adobe PDF reports, etc., – are held on secure company 
servers that are backed up daily. Backup media is rotated off site on a scheduled basis, a 
responsibility of the IT Department. 

 

Data will be provided to the Coalition in electronic format. The analytical report will 
be an Adobe PDF that includes all results, QC, case narrative, chain of custody and sample 
receipt documentation. Laboratory raw data, other than the raw data for the toxicity 
testing, will not be included in the analytical report. However, all laboratory raw data such 
as chromatograms, spectra, summaries of initial and continuing calibrations, sample 
injection or sequence logs, prep sheets, etc., will be retained by the laboratory for a 
minimum of five years and will be provided if specifically requested by the Coalition. 

 

In addition, the laboratory will create a CEDEN and GeaoTracker ESI compliant 
electronic data deliverable (EDD) for the SWAMP and GQTMP, respectively, that includes 
all required data for the programs. The EDD will be verified against the CEDEN data 
checker (http://ceden.org/CEDEN_checker/Checker/CEDENUpload.php) or Geotracker ESI 
data checker (https://geotracker.waterboards.ca.gov/esi) for content and structure. A copy 
of the error report will be provided to the Coalition in conjunction with the file for monthly, 
quarterly and annual reporting.  Data from both the primary laboratory and the 
subcontract lab (toxicity data) will be produced in separate files and sent via email to the 
Coalition once evaluated. 

 

 Data received by the Coalition will be given a cursory review for correct format and 
completeness. All data, electronic or paper copy, will be filed according to sample date and 
monitoring site. Electronic format data will be filed in a manner that allows for historical 
trends and summaries to be analyzed along with quick retrieval for quarterly and annual 
submittals. The Coalition will work with the contracted laboratory if any issues regarding 
data are encountered. 
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ELEMENT 20:  ASSESSMENT AND RESPONSE ACTIONS 

 
The Quality Assurance Manager, in cooperation with the Laboratory Coordinators, 

will review both sampling procedures and laboratory performance annually. Changes in the 
SOPs used by any of the contracted labs will be communicated between the QA Manager and 
the Laboratory Coordinators as they occur. Both the QA Manager and the Laboratory 
Coordinator have “stop work” authority should a situation arise that necessitates an 
immediate corrective action. 

 
The Laboratory Coordinator will have the responsibility of managing the contracted 

laboratory. Any issues encountered during the analysis of the samples are to be resolved by 
the Laboratory Coordinator and then communicated to the QA Manager. Any reported issues 
at the laboratories will be communicated to the Regional Board as needed and discussed in 
detail within the Annual Report.   

 
The Laboratory Coordinator will work directly with the Laboratory Project Manager 

to resolve issues as they occur on any given monitoring event. For ongoing performance 
issues or to address matters related to the adherence to the QAPP, the Laboratory 
Coordinator will work directly with the Laboratory Program Manager. These two will meet 
at least on an annual basis to review the contract lab performance and to address any 
procedural changes required to ensure ongoing success of the program. 

 
The laboratory QAPPs contained within the attached appendices all address the issue 

of analyst training and performance, as well as procedures for failed tests. These procedures 
closely match the Regional Board guidelines for standard laboratory practices and corrective 
actions. 
 
 A copy of the most recent MDL study is to be obtained on at least an annual basis along 
with a listing of the current SOPs. Material changes in any of the quality control practices, 
SOPs or other significant procedures may require a revision to this QAPP. 
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ELEMENT 21:  REPORTS TO MANAGEMENT 

  
Activities of the sampling staff are documented and reviewed as part of the 

submission to the laboratory for the monthly and annual monitoring events. The Laboratory 
Program Manager will have the responsibility to address any performance issues with the 
branch office where the sample crew for surface water sampling originated.  The TBWQC 
Technical lead shall address performance issues of groundwater sampling staff. Anomalies 
or other failures will trigger a Non-Conformance Report ultimately leading to a Corrective 
Action/Preventative Action (CAPA) event. This will include a root cause determination and 
a remedial corrective action where necessary. These corrective action reports will be made 
available to the Laboratory Coordinator on request. 

 
As a result of the meetings between the Laboratory Coordinator and the Laboratory 

Program Manager, the Coordinator will prepare a summary report of the outcomes of the 
meeting. The report will contain details on the performance of the contract laboratory, 
improvements or enhancements to be made that will improve the overall success of the Plan, 
and any remedial measures taken to address potential performance issue leading to 
deficiencies in data deliverables. 
 
 Quarterly reports (CEDEN formatted data) and annual reports (GeoTracker ESI) are 
prepared by the Laboratory Coordinators and submitted to the QA Manager for final review. 
Once the review is completed, the Project Coordinator will prepare a cover letter to 
accompany the data for the Regional Board. The Project Coordinator is responsible for the 
drafting of the yearly report for submission to the Regional Board. 
 
 Reports submitted to the Regional Board will be sent to the liaison within the Fresno, 
CA office. Additional copies of the integrated report are kept at the Coalition office. 
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ELEMENT 22:  DATA REVIEW, VERIFICATION AND VALIDATION 

 
Data submitted to the Coalition has undergone a thorough review process at the 

contracted labs. A statement that the data has been reviewed and is acceptable is provided 
with the lab report linked to each chain of custody.   

 
The laboratories follow a three tier review process. The primary analyst conducting 

the analysis is responsible for the generation of results. This analyst performs a double check 
of their work as part of the reporting process. Upon completion, the data package is then 
handed off to a peer review, most often the immediate supervisor or another qualified peer 
reviewer. The peer review consists of a check against all method requirements with 
documentation applied to any deficiencies. Once all results have undergone a peer or 
secondary review, the Laboratory Project Manager will review the report in its entirety, 
looking for agreement within the results and consistency with project requirements.  Partial 
results may be provided to the Coalition on a preliminary basis, if the results have been 
reviewed through the three-tier review process. 

 
For this QAPP, the report will undergo a final review by the Laboratory Program 

Manager or his designee. This person checks reports against the requirements of the QAPP 
and prepares the case narrative. This person generates the CEDEN electronic deliverable and 
evaluates the content using the CV RDC electronic data checker. Once complete, the report is 
finalized and sent to the Coalition. 

 
 Once received by the Coalition, the data is further reviewed by the QA Manager for 

exceedances, and the appropriate communication reports are prepared, if necessary, to the 
Regional Board. 
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ELEMENT 23:  VERIFICATION AND VALIDATION METHODS 

 
 The Coalition QA Manager is responsible for the final review and determination of the 
validity and usability of the data. The determination of completeness is performed at both 
the level of the field activities and the in-house laboratory activities. Any questions or 
anomalies resulting from this review will be addressed directly with the laboratory prior to 
making the final determination. The overall completeness goal for the project is 90%. 
  

Appendix E



ELEMENT 24:  RECONCILIATION WITH USER REQUIREMENTS 

 
 The purpose of the sampling program is to determine if any constituents of concern 
exceed water quality standards in the water samples. If such detections are made, the 
Coalition will then open an inquiry as to the persistence of the detection (is it in more than 
one site, is it still present in the next sample period), review the conditions prior to the 
sampling event that produced the detection, and begin to research the potential sources of 
the detection. 
 
 The data, as reported by the lab, is considered valid if no problems are identified 
within the laboratory report and case narrative. In the event that the laboratory data quality 
indicators do not meet the criteria listed in Table 8 (or exceed other requirements listed in 
the cited analytical method), then the data will be annotated with data qualifiers that identify 
the deficiency. Laboratory reports containing notations that indicate QC failures or other 
issues that do not meet QAPP requirements will need to be assessed for impact. Not all 
failures result in the rejection of data but scrutiny will be applied to all failures or QAPP 
deviations. It is the responsibility of the QA Manager to make the final determination of data 
usability and its suitability for intended use. All QC failures or other known deficiencies will 
be indicated on the laboratory Certificate of Analysis, either in the form of a data qualifier 
and/or noted in the detailed Case Narrative provided therein.  These deficiencies represent 
the possible limitations on the use of the data but will nonetheless be reported in order for 
the Coalition and Board to determine their suitability for use. 
 
 All data will be uploaded into the SWAMP Information Management System or 
GeoTracker ESI. At this point the Board may use the data in the overall evaluation of the 
surface water and groundwater quality in the Tule Basin watershed. Future decisions for 
water regulations will be made, in part, on the information provided under this Plan. 
 

Questions will always arise when a toxicity level shows an exceedance, but the 
chemistry data taken at the same time fails to show a toxic substance that might cause the 
problem. Given the relatively limited list of monitoring parameters versus the number of 
both known and unknown potential contaminants, it is not inconceivable that a constituent 
could contribute to toxicity but fail to be identified from the chemistry testing. Continuing 
discrepancies between the outcome of the toxicity testing and the chemistry testing should 
be further evaluated in an attempt to determine the possible presence of a persistent, 
harmful parameter. 
  
 Any concerns or unanswered questions that arise from the data will be addressed as 
comments or footnotes within the written reports submitted to the Regional Board. 
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ELEMENT 25:  DEFINITIONS 

 

Term Definition 

BPO Basin Plan Objective 

BS/BSD Blank Spike / Blank Spike Duplicate 

CAPA 

CEDEN 

CA ELAP 

Corrective Action / Preventative Action 

California Environmental Data Exchange Network 

California Environmental Laboratory Accreditation Program  

CV RDC Central Valley Regional Data Center 

EDD 

ESI 

Electronic Data Deliverable 

Electronic Submittal of Information 

General Order (Order) 

 

GQTMP 

GQTMW 

CA Central Valley Regional Board Order #R5-2013-0120 (Amended by R5-2014-
0143 and R5-2015-0115) 

Groundwater Quality Trend Monitoring Program 

Groundwater Quality Trend Monitoring Workplan 

ISO International Organization for Standardization 

IT Information Technology 

LCS/LCSD 
Laboratory Control Spike / Laboratory Control Spike Duplicate.  Often used 
interchangeably with BS/BSD. 

ILRP Irrigated Lands Regulatory Program 

MDL Method Detection Limit 

MRP Monitoring and Reporting Program 

MS/MSD 

NTC 
Matrix Spike / Matrix Spike Duplicate 

PQL Practical Quantitation Limit 

QA Quality Assurance 

QAPP Quality Assurance Program Plan 

QC Quality Control 

RDC Regional Data Center 

RL Reporting Limit 

RPD Relative Percent Difference 

SOP Standard Operating Procedure 

SSJVWQC Southern San Joaquin Valley Water Quality Coalition 

SWAMP Surface Water Ambient Monitoring Program 

SWMP (Plan) Surface Water Monitoring Plan (Tule Basin SWMP) 

TBWQC Tule Basin Water Quality Coalition 

TIE Toxicity Identification Evaluation 
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APPENDIX A.1 
 

Chain of Custody 
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APPENDIX A.2 

Field Sample Collection Logs 
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APPENDIX A.2 

Field Sample Collection Logs 
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APPENDIX A.2 

Field Sample Collection Logs 

Appendix E



APPENDIX A.3 
 

Example Laboratory Data Completeness Worksheet 
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APPENDIX A.4 
 

Example Field and Transport Completeness Worksheet 

 

 

 

Field Data Completeness Worksheet

Date Sampled

Activity Sample Point 1 Sample Point 2 Sample Point 3 Sample Point 4

Field Sampling

Water Present at Location?

Photo documentation captured?

Field Equipment Rinsed?

All containers for all samples filled?

Sample Labels Verified to COC?

Lat. / Long. Recorded?

Field Conditions Recorded?

Field Measurements Collected

Flow

Temp

pH

EC

Dissolved Oxygen

Sample Transport

Were samples packed on ice?

COC signed by sampler?

Was COC included in cooler?

Sample Receipt

Samples received within temperature?

If no, received on ice on date collected? 

All bottles unbroken and intact?

Bottle labels agree with COC?

Were bottles correct for tests requested?

Sufficient sample received for all tests?

Arrived at lab within hold times?

Passing Criteria 0 0 0 0

Total Assessments 0 0 0 0

% Complete

% Completeness - Field Activities

Sampling Locations

Appendix E
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Appendix F  

Groundwater Sampling Form 

 

 

 

 

 

 

 

 

 



Well Type: �  Monitor � Extraction Other:

Well Material: �  PVC �  St. Steel Other:
(Signature) Date: Time:

 Pump No.:

  �  Other Type:

Depth in ft (BTOC):

__________.0408=
TD (feet) D (Inches) # Vols

Start:______________
Elapsed:

Minutes Since 

Pumping Began:
pH

Cond. 

(μ Mhos/cm)
T�C°     �F°

Meter Nos.:

SAMPLING METHOD
�Same As Above

Sample Series:__________________________

Sample No. Lab

Original Sample No. Sample No. 

QUALITY CONTROL SAMPLES
Duplicate Samples Blank Samples Other Samples

Duplicate Sample No. Type Sample No. 

CommentsVolume/ Cont. Analysis Requested Preservatives

�Sanitary Sewer               �Storm Sewer     

DISCHARGE WATER DISPOSAL: 

SAMPLE DISTRIBUTION

� Other - Type:_______________________________

�Grab - Type:________________________________

 �  Submersible     �•Centrifugal   �  Bladder;  Pump No.:_______________________

Type

WELL PURGING
PURGE METHOD

Casing Diameter (D inches):  � 2   �4   � 6    �Other:____

Total Depth of Casing (TD in feet BTOC):

Water Level Depth (WL in feet BTOC):

Number of well volumes to be purged (# Vols):  

�3          �4            �5           �10              �Other:

Screen Interval in ft (BTOC):

From_____________ To____________

  �  Submersible     �•Centrifugal   �  Bladder;  

PUMP INTAKE SETTING

�  Bailer - Type:___________________________________

ACTUAL PURGE VOLUME

  �Near      �Bottom       �Near Top         Other:  

2

�  Other:______________________________________

(______________)
PURGE VOLUME CALCULATION:

WELL SAMPLING

Other:

FIELD PARAMATER MEASURMENTS:

 �•  Bailer - Type:___________________________________

Stop:______________
________________________=____________ gallons


Calculated Purge Volume

_________________________gallons

PURGE TIME PURGE RATE

GW (feet)

OBSERVATIONS DURRING PURGING              (Well 

Condition, Turbidity, Color, Odor):

Initial:_____________ gpm
Final: ______________gpm

Sheet ______ of ________

PURGE VOLUME 

Sampled By:_________________________________________________

Job Name:_______________________________________________
Job Number:_____________________________________________

Recorded By:____________________________________________

Well No./ I.D._______________________________________________

  ___________(____________) -

Groundwater Sampling
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CHAPTER 2:  TULE SUBBASIN SETTING  §354.12 

 

The Tule Subbasin is located in the southern portion of the San Joaquin Valley Groundwater Basin 

in the Central Valley of California (see Figure 2-1).  The area of the Tule Subbasin is defined by 

the latest version of CDWR Bulletin 118 (CDWR, 2016) and is shown on Figures 2-1 and 2-2.  

The Tule Subbasin area is approximately 744 square miles (475,895 acres) and includes the 

jurisdictional areas of multiple water management and service entities.  The subbasin has been 

divided into seven individual Groundwater Sustainability Agencies (GSAs): Eastern Tule GSA, 

Lower Tule River GSA, Pixley GSA, Delano-Earlimart GSA, Alpaugh GSA, Tri-County Water 

Authority GSA, and Tulare County GSA (see Figure 2-3). 

Communities within the subbasin include Porterville, Tipton, Pixley, Earlimart, Richgrove, Ducor 

and Terra Bella (see Figure 2-2).  Neighboring CDWR Bulletin 118 subbasins include the Kern 

County Subbasin to the south, the Tulare Lake Subbasin to the west, and the Kaweah Subbasin to 

the north.  

2.1 Hydrogeologic Conceptual Model  §354.14 

 

The hydrogeologic conceptual model is a description of the groundwater flow system of the Tule 

Subbasin and how it interacts with surface water and land use of the area.  The conceptual model 

includes a description of the geologic setting, geologic structure, and boundary conditions 

including the principal aquifers and aquitards.  The hydrogeologic conceptual model of the Tule 

Subbasin, as described herein, has been developed in accordance with the requirements of 

California Code of Regulations, Title 23, Division 2, Chapter 1.5, Subchapter 2, Article 5, 

Subarticle 2 (§354.14) and in consideration of California Department of Water Resources’ 

(CDWR) Best Management Practices (BMP) for the preparation of hydrogeologic conceptual 

models.  The hydrogeologic conceptual model forms the basis for the numerical groundwater flow 

model of the subbasin. 

§ 354.12. Introduction to Basin Setting 

This Subarticle describes the information about the physical setting and characteristics of the basin and current 

conditions of the basin that shall be part of each Plan, including the identification of data gaps and levels of 

uncertainty, which comprise the basin setting that serves as the basis for defining and assessing reasonable 

sustainable management criteria and projects and management actions. Information provided pursuant to this 

Subarticle shall be prepared by or under the direction of a professional geologist or professional engineer. 

 

§ 354.14. Hydrogeologic Conceptual Model 

(a) Each Plan shall include a descriptive hydrogeologic conceptual model of the basin based on technical studies 

and qualified maps that characterizes the physical components and interaction of the surface water and 

groundwater systems in the basin. 
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2.1.1. Sources of Data 

Compilation, review and analysis of multiple types of data were necessary to develop the 

hydrogeologic conceptual model and water budget of the Tule Subbasin.  The various types of data 

included geology, soils/lithology, hydrogeology, surface water hydrology, climate, crop types/land 

use, topography, remote sensing, and groundwater recharge and recovery.  Data were obtained 

from multiple sources: 

Geological Data including geologic maps and cross sections were obtained from the United States 

Geological Survey (USGS), the California Geological Survey (CGS), and Kenneth D. Schmidt & 

Associates (KDSA) (Schmidt, 2018).  Geophysical logs were obtained from the California 

Division of Oil, Gas and Geothermal Resources (DOGGR), Angiola Water District, Alpaugh 

Irrigation District, Kern-Tulare Water District (KTWD), KDSA, and private well owners. 

Soils/Lithological Data were obtained from drillers’ logs and reports from the CDWR, the City 

of Porterville, the USGS and the United States Department of Agriculture (USDA).  

Hydrogeological Data including groundwater levels and pumping tests were obtained from the 

California Statewide Groundwater Elevation Monitoring (CASGEM) website, the Deer Creek and 

Tule River Authority (DCTRA), Angiola Water District, Alpaugh Irrigation District, KTWD, 

Delano-Earlimart Irrigation District (DEID), the City of Porterville, Kern County Water Agency, 

4Creeks Inc., Schmidt (2011) and Schmidt (2018).  Additional hydrogeological information was 

obtained from USGS reports, Semitropic Water Storage District Groundwater Banking Project 

Biennial Reports, and the Tulare Lake Bed Groundwater Management Plan. 

Groundwater Quality Data including nitrate and electrical conductivity (EC) data from the Tule 

Basin Water Quality Coalition, multiple reports and studies associated with the Tulare Lakebed 

Municipal Delisting program, and contaminants identified in the California State Water Resources 

Control Board Geotracker website (Geotracker, 2018). 

Groundwater Recharge and Recovery Data including spreading basin locations and 

dimensions, artificial recharge, water well construction, well locations, groundwater production, 

surface water diversions, canal losses, and river losses were obtained from Lower Tule River 

Irrigation District (LTRID), CDWR, Tule River Association (TRA) annual reports, and DCTRA 

annual reports. 

Hydrological (i.e. Surface Water) Data consisting of stream gage data along the Tule River, 

Deer Creek, and White River were obtained from the USGS, DCTRA reports and TRA annual 

reports.  Imported water deliveries were obtained from the United States Bureau of Reclamation 

(USBR) and the individual agencies within the subbasin. 

Climate Data was acquired from CDWR’s California Irrigation Management Information System 

(CIMIS) and the Western Regional Climate Center website.  
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Land Use Data was obtained from the CDWR, LTRID, the Kern County Department of 

Agriculture and Measurement Stands, and the USGS Earth Resources Observation and Science 

Center.  Political boundaries were obtained from the California Cal-Atlas Geospatial 

Clearinghouse, Kern-Tulare Water District, and the LTRID. 

In addition to the various types of data, numerous historical reports on the geology, hydrogeology 

and groundwater management of the Tule Subbasin were reviewed and analyzed.  These reports 

included USGS publications, CDWR reports and bulletins, consultant reports, and academic 

publications.  Publications relied on for the hydrogeological conceptual model and water budget 

are summarized in the References Section (Section 2.5). 

2.1.2. Geologic Setting  §354.14 (b)(1) 

 

The Tule Subbasin is located in the Tulare Lake Hydrologic Region of the Central Valley of 

California (see Figure 2-1).  The Central Valley is a geographically significant structural 

depression that extends from the Cascade Range on the north to the Tehachapi Mountains on the 

south (Faunt, 2009). The Central Valley groundwater basin has been subdivided on a regional scale 

into the Sacramento Valley Groundwater Basin north of the Sacramento River Delta, and the San 

Joaquin Valley Groundwater Basin south of the Sacramento River Delta.  The Tulare Lake 

Hydrologic Region is located in the southern portion of the San Joaquin Valley Groundwater 

Basin.  The Tulare Lake Hydrologic Region is defined by a surface water drainage watershed that 

includes the Sierra Nevada Mountains to the east, the Tehachapi Mountains to the south and 

southeast, and the Coast Ranges to the west.  The northern boundary of this hydrologic region is 

defined by the drainage divide between the San Joaquin River to the north and the Kings River to 

the south. 

The portion of the Central Valley structural depression that is beneath the Tulare Lake Hydrologic 

Region is filled with marine and nonmarine sediments, which extend to depths of more than 32,000 

feet in places (Planert and Williams, 1995). The deepest sediments were deposited within a marine 

environment associated with an inland sea that inundated the valley between 200 million years ago 

(Jurassic Period) and 2 million years ago (end of the Tertiary Period) (Croft, 1972).  The deeper 

marine sediments are overlain by as much as 9,000 ft of nonmarine continental deposits associated 

with Quaternary (2 million years to present) lacustrine and alluvial deposition (Planert and 

Williams, 1995).  The current depositional environment consists of multiple coalescing alluvial 

§ 354.14. (b) The hydrogeologic conceptual model shall be summarized in a written description that includes the 

following: 

(1) The regional geologic and structural setting of the basin including the immediate surrounding area, 

as necessary for geologic consistency. 

(2) Lateral basin boundaries, including major geologic features that significantly affect groundwater 

flow. 
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fans along the basin margins with localized lacustrine deposits at the terminus of the fans in the 

central portion of the basin. 

The Tule Subbasin is located on a series of coalescing alluvial fans that extend toward the center 

of the valley from the Sierra Nevada Mountains (see Figure 2-4).  The alluvial fans merge with 

lacustrine deposits of the Tulare Lake bed in the western portion of the subbasin.  Land surface 

elevations within the Tule Subbasin range from approximately 850 ft above mean sea level (amsl) 

along the eastern margins of the subbasin to approximately 180 ft amsl at the western boundary 

(see Figure 2-4).   

Geologic formations observed at the land surface and in the subsurface beneath the Tule Subbasin 

can be grouped into five generalized geologic units, described below in order of increasing age: 

Unconsolidated Continental Deposits – These sediments consist of fluvial (i.e. streambed 

deposits), alluvial, flood plain, and lacustrine (i.e. lake bed) deposits (labeled “surficial 

deposits” on Figure 2-4).  The unconsolidated continental deposits range in thickness from 

0 ft at the eastern contact with the Sierra Nevada Mountains to more than 3,000 ft near the 

margins of Tulare Lake in the western part of the subbasin (see  

Figure 2-5; Lofgren and Klausing, 1969).  Subsurface alluvial sediments consist of highly 

stratified layers of more permeable sand and gravel interbedded with lower permeability 

silt and clay.  Clear correlation of individual sand or clay layers laterally across the Tule 

Subbasin is difficult due to the interbedded nature of the sediments.  However, it is noted 

that the thickness of clay sediments in the upper 1,000 ft below ground surface (bgs) 

generally increases in the vicinity of Tulare Lake.  The unconsolidated continental deposits 

form the primary groundwater reservoir in the Tule Subbasin.   

The unconsolidated continental deposits range in age from recent in near-surface stream 

channels to Upper Pliocene (approximately 2.6 million years before present) at depth.  In 

the eastern portion of the Tule Subbasin, Pleistocene sediments (2.6 million to 11,700 years 

before present) crop out at the land surface along the base of the Sierra Nevada Mountains, 

forming what is referred to as the dissected uplands (Lofgren and Klausing, 1969).  These 

older continental deposits are semi-consolidated and contain a high percentage of clay.  As 

such, they generally do not yield significant water to wells. 

The lowermost portion of unconsolidated continental deposits is generally correlated with 

the Tulare Formation.  The Tulare Formation is notable in that it includes the Corcoran 

Clay, a regionally extensive confining layer that has also been referred to as the “E-Clay” 

(see Figure 2-5) (Frink and Kues, 1954).  The Corcoran Clay consists of a Pleistocene 

diatomaceous fine-grained lacustrine deposit (primarily clay; Faunt, 2009).  In the Tule 

Subbasin, the Corcoran Clay is as much as 150 ft thick beneath the Tulare Lake bed but 

becomes progressively thinner to the east, eventually pinching out immediately east of 

Highway 99 (Lofgren and Klausing, 1969). 
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Pliocene Marine Deposits – These sediments underlie the continental deposits and consist 

of consolidated to loosely consolidated marine siltstone with minor interbedded sandstone 

beds.  The marine siltstone unit thickens to the west, ranging from approximately 500 ft 

thick near State Highway 65 to more than 1,600 ft beneath State Highway 99 (Lofgren and 

Klausing, 1969; see Figures 2-5 and 2-6).  The marine siltstone beds dip sharply from the 

base of the Sierra Nevada Mountains on the east to the central portion of the valley in the 

west. The Pliocene marine strata have relatively low permeability and do not yield 

significant water to wells. 

Santa Margarita Formation – This formation occurs beneath the Pliocene marine strata 

and consists of Miocene (approximately 5.3 to 23 million years before present) sand and 

gravel that is relatively permeable and yields water to wells.  The formation is 

approximately 150 to 520 feet thick and occurs at depths ranging from 1,200 feet near State 

Highway 65 to greater than 3,000 feet beneath State Highway 99.  This formation is a 

significant source of groundwater to wells in the southeastern portion of the Tule Subbasin 

near the community of Richgrove. 

Tertiary Sedimentary Deposits – Beneath the Santa Margarita Formation exists an 

interbedded assemblage of semi-consolidated to consolidated sandstone, siltstone and 

claystone of Tertiary age (approximately 2.6 to 66 million years before present).  Some 

irrigation wells in the southeastern part of the Tule Subbasin are known to produce fresh 

water from the Olcese Sand Formation, which is in the uppermost portion of the unit (Ken 

Schmidt, 2019.  Personal Communication).  The water quality of the groundwater in the 

Tertiary sedimentary deposits becomes increasingly saline to the southwest and most of 

the groundwater in the unit is not useable for crop irrigation or municipal supply except 

near Highway 65.   

Granitic Crystalline Basement – Sedimentary deposits beneath the Tule Subbasin are 

underlain by a basement consisting of Mesozoic granitic rocks that compose the Sierra 

Nevada batholith (Faunt, 2009).  At depth, the basement rocks are assumed to be relatively 

impermeable. 

There are no significant faults mapped in the Tule Subbasin that would form a groundwater flow 

barrier or affect groundwater flow. 

2.1.3. Lateral Basin Boundaries  §354.14 (b)(2) 

The lateral boundaries of the Tule Subbasin are defined in CDWR Bulletin 118 and include both 

natural and political boundaries.  The eastern boundary of the Tule Subbasin is defined by the 

surface contact between crystalline rocks of the Sierra Nevada and surficial alluvial sediments that 

make up the groundwater basin (see Figure 2-4).  The northern boundary is defined by the LTRID 

and Porterville Irrigation District (PID) boundaries.  The western boundary is defined by the Tulare 
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County/Kings County boundary, except for a portion of the Tulare Lake Basin Water Storage 

District that extends east across the county boundary and is excluded from the subbasin.  The 

southern boundary is defined by the Tulare County/Kern County boundary except for the portion 

of the Delano-Earlimart Irrigation District (DEID) that extends south of the county boundary and 

is included in the subbasin.  The total area of the Tule Subbasin is approximately 744 square miles 

(475,895 acres). 

2.1.4. Bottom of Basin  §354.14 (b)(3) 

 

The physical bottom of the Tule Subbasin is defined by the interface between the Tertiary 

sedimentary deposits and the relatively impermeable granitic bedrock below them.  This depth 

ranges from zero at the eastern margins of the subbasin where the continental deposits meet the 

granitic bedrock to approximately 5,000 feet below ground surface in the western portion of the 

subbasin (Planert and Williams, 1995).   

The physical bottom of the subbasin is deeper than the bottom of the fresh water aquifer.   The 

total dissolved solids (TDS) concentration of the groundwater generally increases with increasing 

depth such that below a certain level, the groundwater is not suitable for municipal, irrigation or 

other beneficial uses.  Accordingly, a better measure of the bottom of the basin is the fresh 

water/brackish water interface, as defined in Page (1973) by an electrical conductivity of 3,000 

micromhos per centimeter (mohs/cm), which is approximately correlative to a total dissolved 

solids (TDS) concentration of 2,000 milligrams per liter (mg/L). 

In the Tule Subbasin, the fresh water/brackish water interface varies across the subbasin but is 

generally 1,500 to 3,000 feet below land surface (Page, 1973; Planert and Williams, 1995).  The 

deepest fresh water occurs in the western portion of the Tule Subbasin.  Agricultural irrigation 

wells in the western Tule Subbasin are as deep as 1,500 feet and some agricultural wells west of 

the Tulare/Kings County boundary are as deep as 2,200 feet.  The bottom of the effective 

groundwater basin, based on the fresh water/brackish water interface, is shown on Figures 2-5 and 

2-6.  

§ 354.14. (b) (3) The definable bottom of the basin. 
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2.1.5. Surface Water Features  §354.14 (d)(5) 

 

2.1.5.1. Tulare Lake 

Although now largely a dry lake bed, prior to the mid-1800s Tulare Lake was the largest fresh 

water lake, by area, west of the Mississippi River.  The original area of the lake was approximately 

570 square miles and was fed from surface water discharges at the terminus of the Kern River, 

Tule River, Kaweah River, and Kings River.  Beginning in the mid-1800s, surface water from the 

rivers feeding the lake was diverted for agricultural irrigation and municipal supply.  By 1900, the 

lake was dry except for residual marshes and wetlands and occasional flooding.  This condition 

continues to the present. 

2.1.5.2. Lake Success 

Lake Success is a manmade reservoir created by the construction of Success Dam that was 

completed in 1961 and serves as a flood control and water conservation project for the Tule River.  

Success dam and reservoir are managed by the United States Army Corps of Engineers (ACOE).  

Water storage in Lake Success is subject to the ACOE’s flood control diagram and released as 

directed by the ACOE and downstream water rights holders as administered by the Tule River 

Association (TRA), in accordance with the Tule River Water Diversion Schedule and Storage 

Agreement (TRA, 1966). 

2.1.5.3. Tule River 

The Tule River is the largest natural drainage feature in the Tule Subbasin.  From its headwaters 

in the Sierra Nevada Mountains, the Tule River flows first into Lake Success and then, through 

controlled releases at the dam, flows through the City of Porterville where it is diverted at various 

points before flowing into the LTRID.  A significant diversion point is the Porter Slough, which 

flows to the north and semi-parallel to the main river channel and is used to convey surface water 

to various recharge facilities and canals.  Downstream of Porterville, the Tule River ultimately 

discharges onto the Tulare Lakebed during periods of above-normal precipitation.  Stream flow is 

measured via gages located below Success Dam, at Rockford Station downstream of Porterville, 

and at Turnbull Weir (see Figure 2-7).  From water years 1986/87 to 2016/17, releases from Lake 

Success to the Tule River, quantified in TRA annual reports as the sum of Pioneer Water Company 

diversion and stream flow at the Below Success Dam gage, has ranged from 8,820 acre-ft in water 

year 2014/15 to 439,125 acre-ft in water year 1997/98 with an annual average during this time 

period of approximately 118,300 acre-ft. 

§ 354.14. (d) (5) Surface water bodies that are significant to the management of the basin. 
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Releases of water below Lake Success dam are diverted from the Tule River channel at various 

locations in accordance with TRA (1966).  Diversion points along the river are located at the Porter 

Slough headgate, Campbell and Moreland Ditch Company, Vandalia Water District, Poplar 

Irrigation Company, Hubbs and Miner Ditch Company, and Woods-Central Ditch Company.    The 

lower portion of the Tule River channel is also used as a conveyance mechanism to convey 

imported water from the Friant-Kern Canal to the PID and LTRID.  Within the PID and LTRID, a 

combination of natural stream flow and imported water are further diverted into unlined canals for 

distribution to artificial recharge basins and farmers.  Any residual stream flow left in the Tule 

River after diversions is measured at the Turnbull Weir, located at the west end of the LTRID (see  

Figure 2-7). 

2.1.5.4. Deer Creek 

Deer Creek is a natural drainage that originates in the Sierra Nevada Mountains, flowing in a 

westerly direction north of Terra Bella and into Pixley (see Figure 2-7).  Although the Deer Creek 

channel extends past Pixley, discharges rarely reach the historical Tulare Lakebed.  Stream flow 

in Deer Creek has been measured at the USGS gaging station at Fountain Springs from 1968 to 

present time.  Average annual flow at this gage between water year 1986/87 and 2016/17 was 

approximately 17,800 acre-ft/yr with a low of approximately 2,000 acre-ft in water year 2014/15 

and a high of approximately 88,000 acre-ft in water year 1997/98.  Stream flow has also been 

measured at a second USGS gaging station on Deer Creek at Terra Bella although the period of 

record (1971 through 1987) is not as complete as the station at Fountain Springs.  Friant-Kern 

Canal water is also diverted and monitored into Deer Creek and again measured at Trenton Weir 

before being delivered to riparian lands via unlined canals (see Figure 2-7).  During wet years, 

water that reaches the terminus of Deer Creek is discharged into the Homeland Canal. 

2.1.5.5. White River 

The White River drains out of the Sierra Nevada Mountains east of the community of Richgrove 

in the southern portion of the Tule Subbasin (see Figure 2-7).  Stream flow in the White River has 

been measured at the USGS gaging station near Ducor from 1972 to 2005.  Data after 2005 has 

been interpolated.  Average annual flow between water year 1986/87 and 2016/17 was 

approximately 5,800 acre-ft/yr with a low of approximately 250 acre-ft in water year 2014/15 and 

a high of approximately 37,000 acre-ft in 1997/98.  The White River channel extends as far as 

State Highway 99 but does not reach the historical Tulare Lakebed. 
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2.1.5.6. Imported Water §354.14 (d)(6) 

 

Most of the water imported into the Tule Subbasin is from the Central Valley Project (CVP) and 

delivered via the Friant-Kern Canal (see Figure 2-7).  Angiola Water District also imports water 

from other various sources including the King’s River and State Water Project.  The water is 

delivered to farmers and recharge basins via the Tule River and Deer Creek channels, unlined 

canals, and pipeline distribution systems of PID, LTRID, Terra Bella Irrigation District, Teapot 

Dome Water District, DEID, and Saucelito Irrigation District.  

Distribution of stream flow diversions and imported water occur via a system of manmade canals 

and pipeline distribution systems that extend throughout the Tule Subbasin.  The largest of these 

is the Friant-Kern Canal, which supplies imported water through the Federal Central Valley Project 

(CVP).  The Friant-Kern Canal is concrete lined and trends approximately north-south through the 

eastern part of the Tule Subbasin (see Figure 2-7).  Numerous other canals and pipeline distribution 

systems are located within the Tule Subbasin to convey surface water from the Friant-Kern Canal, 

Tule River and Deer Creek to various recharge facilities and agricultural areas.  The canals are 

unlined and occur primarily in the LTRID, Pixley Irrigation District, PID, Alpaugh Irrigation 

District, and Atwell Island Water District.  The Angiola Water District receives deliveries from 

the Tule River and Kings River via the Homeland Canal and distributes that water via an internal 

system of unlined canals.  

Many of the irrigation districts and water districts in the Tule Subbasin that receive imported water 

from the Friant-Kern Canal distribute the water exclusively via pipeline distribution systems.  

These districts include the Delano-Earlimart Irrigation District, Kern-Tulare Water District, Terra 

Bella Irrigation District, Saucelito Irrigation District, and Tea Pot Dome Water District.  

2.1.6. Areas of Groundwater Recharge and Discharge §354.14 (d)(4) 

 

Groundwater recharge in the Tule Subbasin occurs within stream channels, unlined canals, in 

managed recharge basins, and in areas of the subbasin with irrigated agriculture.  Favorable areas 

for deep percolation of surface water are characterized by relatively permeable surface soils (see 

Figure 2-8), and lack of subsurface impediments to groundwater recharge.   

The University of California at Davis has developed a Soil Agricultural Groundwater Banking 

Index (SAGBI) that identifies favorable areas of recharge based on deep percolation potential, root 

§ 354.14. (d) (6) The source and point of delivery for imported water supplies. 

 

§ 354.14. (d) (4) Delineation of existing recharge areas that substantially contribute to the replenishment 

of the basin, potential recharge areas, and discharge areas, including significant active springs, seeps, 

and wetlands within or adjacent to the basin. 
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zone residence time, topography, chemical limitations, and soil surface condition.  The SAGBI 

zones for the Tule Subbasin are shown on Figure 2-9.  In general, the most favorable areas for 

recharge are within the stream channels of the Tule River, Deer Creek and White River, in the 

Porterville area, and in a north-south zone in the west-central portion of the subbasin.  Areas that 

are not favorable for deep percolation of surface water and recharge of groundwater are in the 

furthest east portion of the subbasin along the base of the Sierra Nevada Mountains and in the 

furthest west portion of the subbasin coincident with Tulare Lake lacustrine deposits.  It is noted 

that the SAGBI zones shown on Figure 2-9 are limited to the surface deposits and any areas to be 

considered for additional recharge basins should be further investigated with boreholes and 

recharge tests to confirm the recharge potential of the location.   

There are no areas of groundwater discharging at the land surface in the Tule Subbasin due to the 

depth of the groundwater.  The primary source of groundwater discharge is pumping from wells 

(see Section 2.3.1.1.4), which occurs across most of the subbasin. 

2.1.7. Principal Aquifers and Aquitards  §354.14 (b)(4) 

 

2.1.7.1 Aquifer Formations  §354.14 (b)(4)(A) 

In general, there are five general aquifer/aquitard units in the subsurface beneath the Tule Subbasin 

(see Figures 2-5 and 2-6): 

1. Upper Aquifer 

2. The Corcoran Clay Confining Unit 

3. Lower Aquifer 

4. Pliocene Marine Deposits (generally considered an aquitard) 

5. Santa Margarita Formation and Olcese Formation of the Southeastern Subbasin 

§ 354.14. (b) (4) Principal aquifers and aquitards, including the following information: 

(A) Formation names, if defined. 

(B) Physical properties of aquifers and aquitards, including the vertical and lateral extent, 

hydraulic conductivity, and storativity, which may be based on existing technical studies or 

other best available information. 

(C) Structural properties of the basin that restrict groundwater flow within the principal aquifers, 

including information regarding stratigraphic changes, truncation of units, or other features. 

(D) General water quality of the principal aquifers, which may be based on information derived 

from existing technical studies or regulatory programs. 

(E) Identification of the primary use or uses of each aquifer, such as domestic, irrigation, or 

municipal water supply. 
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The upper aquifer occurs across the entire Tule Subbasin area.  This aquifer is generally unconfined 

to semi-confined.  The upper aquifer occurs in the upper 450 ft of sediments on the western side 

of the subbasin and shallows to the east to less than approximately 100 ft of sediments in the 

Porterville area.  In the southeastern portion of the basin, the upper aquifer is generally considered 

unsaturated although there may be local areas of groundwater. 

The Corcoran Clay confining unit occurs beneath the upper aquifer in the western half of the Tule 

Subbasin (see Figures 2-4, 2-5 and 2-6).  This unit consists primarily of blue or green diatomaceous 

clay although in places it is interbedded with sandy sediments.  The Corcoran Clay is thickest in 

the western part of the subbasin and thins to the east, pinching out approximately two to three 

miles east of State Highway 99 (see Figure 2-4).  It is noted that, in places, the Corcoran Clay, as 

formally defined in Frink and Kues (1954) and later Davis et al. (1959), is bounded above and 

below by fine-grained clay not specifically associated with the Corcoran Clay.  As such, the 

thickness of the Corcoran Clay unit, as shown on Figures 2-5 and 2-6 has been defined to include 

these adjacent clays.  

The lower aquifer extends across the entire western portion of the Tule Subbasin and beneath the 

northeastern portion of the subbasin.  The total depth of this aquifer ranges from approximately 

400 bgs in the eastern Tule Subbasin to more than 2,000 feet in the western portion of the subbasin.  

This aquifer is confined beneath the Corcoran Clay where this confining layer exists, and beneath 

other clay lenses in other parts of the subbasin.  The lower aquifer system is conceptualized to be 

semi-confined in the northeastern portion of the subbasin east of the Corcoran Clay. 

In the southeastern portion of the Tule Subbasin, the lower aquifer is separated from the underlying 

Santa Margarita Formation aquifer by a relatively thick (500 to 1,600 feet) layer of Pliocene marine 

deposits.  These deposits consist primarily of siltstone with minor interbedded sandstone and are 

conceptualized as a confining unit that separates the deep alluvial aquifer from the Santa Margarita 

Formation aquifer.  Some wells in the southeastern portion of the Tule Subbasin are perforated 

partially within this unit but the contribution of groundwater from the formation is low (Lofgren 

and Klausing, 1969). 

The Santa Margarita Formation and Olcese Formation underlie the Pliocene marine deposits and 

forms a localized aquifer in the southeastern portion of the Tule Subbasin.  This aquifer is a primary 

source of groundwater for agricultural irrigation in the southeastern portion of the subbasin.  The 

aquifer is relatively permeable and well yields greater than 1,500 gallons per minute have been 

reported (Kern-Tulare Water District, 2018).  Until additional data are collected, this localized 

aquifer is conceptualized as hydrologically separate from the deep aquifer in the rest of the 

subbasin. 
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2.1.7.2 Aquifer Physical Properties §354.14 (b)(4)(B) 

Where saturated in the subsurface, the permeable sand and gravel layers form the principal aquifers 

in the Tule Subbasin and adjacent areas to the north, south and west.  Individual aquifer layers 

consist of lenticular sand and gravel deposits of varying thickness and lateral extent.  The aquifer 

layers are interbedded with low permeability silt and clay lenses.  In general, shallow saturated 

sediments in the Tule Subbasin are unconfined to semi-confined.  The aquifer beneath the 

Corcoran Clay unit in the western portion of the basin is confined.  The hydrologic characteristics 

of the deeper aquifer system in the western portion of the subbasin are unknown but are expected 

to change with depth.  

The ability of aquifer sediments to transmit and store water is described in terms of the aquifer 

parameters transmissivity, hydraulic conductivity, and storativity.  The most reliable estimates of 

these parameters are obtained from long-term (e.g. 24-hr or more constant rate) controlled 

pumping tests in wells.  In the absence of this type of test, estimates can be obtained through short-

term pumping tests and/or assignment of literature values based on the soil types observed in 

driller’s logs.  Long-term pumping test data was obtained from KDSA and DEID for wells located 

in the southern part of the subbasin.  Short-term pumping test data was obtained from driller’s 

logs, KDSA for Angiola Water District and City of Porterville wells, and KTWD for selected 

wells.  Where pumping test data were not available, aquifer parameters were assigned from 

literature values in published in Faunt (2009). 

Transmissivity is a measure of the ability of groundwater to flow within an aquifer and is defined 

as the rate of groundwater flow through a unit width of aquifer under a unit hydraulic gradient 

(Fetter, 1994).  Transmissivity was estimated from short-term pumping test data based on Theis et 

al., 1963 and the following relationship: 

𝑇 =  
𝑆𝑐 𝑥 2,000

𝐸
 

Where: 

  T  =  Transmissivity (gpd/ft); 

  Sc  =  Specific Capacity (gpm/ft); 

  E  = Well Efficiency (assumed to be 0.7) 

Transmissivity values at individual wells were converted into hydraulic conductivity (i.e. aquifer 

permeability) by dividing by the aquifer thickness (in this case the perforation interval of the well).  

Horizontal hydraulic conductivity values for the upper aquifer are shown on Figure 2-10 and range 

from less than 5 ft/day to greater than 160 ft/day, the higher values indicating more permeable 
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sediments.  Hydraulic conductivity values for the lower aquifer are shown on Figure 2-11 and 

range from less than 5 ft/day to greater than 80 ft/day.   

Storage properties of the upper aquifer are expressed in terms of specific yield since the majority 

of this aquifer is conceptualized as unconfined.  Specific yield is the ratio of the volume of water 

sediment will yield by gravity drainage to the volume of the sediment.  Specific yield values for 

the upper aquifer were assigned based on a USGS texture analysis published in Faunt (2009).  

Textural descriptions describe the percent coarse-grained sediment as inferred from drillers’ logs 

from boreholes or wells drilled within or immediately outside the Tule Subbasin.  Higher percent 

coarse-grained sediment descriptions are correlated with higher specific yield (see Figure 2-12).  

As shown, higher percent coarse-grained sediments are observed in the upper aquifer through most 

of the Tule Subbasin with the exception of the southwestern portion.  Values of specific yield for 

the upper aquifer range from 0.05 to greater than 0.2. 

The lower aquifer in the Tule Subbasin is confined to semi-confined and, as such, storage 

properties for this aquifer are expressed in terms of storativity.  Storativity is a measure of the 

volume of water an aquifer can release from, or take into, storage per unit of aquifer surface area 

per unit change in hydraulic head.  Storativity is derived from long-term pumping tests where 

pumping interference is measured in a monitoring well located a known distance from the pumping 

well.  As no pumping interference data are available for the Tule Subbasin, storativity values for 

the lower alluvial aquifer were originally based on values published in Faunt (2009) and modified 

during calibration of the numerical model for the Tule Subbasin.  Values for storativity in the deep 

aquifer range from 0.00015 to 0.001 (see Figure 2-13).  These values indicate confined to semi-

confined aquifer conditions. 

2.1.7.3 Geologic Structures that Affect Groundwater Flow   §354.14 (b)(4)(C) 

There are no significant faults mapped in the Tule Subbasin that affect groundwater flow. 

The Corcoran Clay unit is the most significant geologic feature that affects vertical groundwater 

flow in the Tule Subbasin.  In general, the aquifer system above the clay unit is unconfined to 

semi-confined and the aquifer system below it is confined.  The hydraulic head in the upper aquifer 

is higher than that of the lower aquifer, such that there is vertical downward hydraulic gradient 

between the two.  Despite the low vertical hydraulic conductivity of the Corcoran Clay, the area 

for downward flow is large (hundreds of thousands of acres), and the vertical gradients are 

relatively steep (commonly 20 to 40 feet per 100 feet).  This allows for significant downward flow 

of water through the clay on a regional basis.  In addition, many wells in the subbasin are perforated 

across both the upper and lower aquifers (composite wells) creating communication between the 

two.  As such, these wells facilitate some recharge of the lower aquifer from the upper aquifer.  

East of the Corcoran Clay, other localized confining beds are present that separate the upper aquifer 

from the lower aquifer. 
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2.1.7.4 Aquifer Water Quality  §354.14 (b)(4)(D) 

Groundwater quality in the Tule Subbasin varies across the subbasin and with depth in the aquifer 

system.  Overall, the native groundwater quality is generally very good, with historical EC 

measurements generally less than approximately 600 mohs/cm (Tule Basin Water Quality 

Coalition, 2017) (see Figure 2-14).  Groundwater quality issues in the subbasin include both 

regional non-point sources of groundwater quality degradation and point-source contaminant 

issues.   

On a regional level, non-point source constituents of concern for groundwater quality include 

nitrate, pesticides, 1,2-dibromo-3-chloropropane (DBCP), and 1,2,3, tricholoropropane (TCP) in 

the upper aquifer and arsenic, manganese, and, hydrogen sulfide for the lower aquifer.  In the 

western part of the subbasin, color and methane gas are also non-point constituents of concern. 

Nitrate is the primary non-point constituent of concern (Tule Basin Water Quality Coalition, 2017).  

Historical nitrate concentrations (reported as nitrate) in the subbasin range from non-detect to 

greater than 300 mg/L (see Figure 2-15).  The highest nitrate concentrations have been detected in 

shallow groundwater in the northwest portion of the subbasin and are likely correlated with 

overlying land use. 

Wells from which elevated EC values have been detected above the subbasin average occur in 

shallow groundwater in the northwest and southwest portions of the subbasin (see Figure 2-14).  

High EC values measured in groundwater in the northwest part of the subbasin are likely associated 

with overlying land use.  High EC has also been detected in shallow and locally perched 

groundwater in the southwestern part of the subbasin.  This area of the subbasin is on the historical 

Tulare Lakebed where the Regional Water Quality Control Board – Central Valley Region and 

California State Water Resources Control Board (SWRCB) has removed the municipal and 

agricultural beneficial use designation (SWRCB, 2017).   

For point-source contaminants, there are 26 active cleanup sites in the Tule Subbasin identified on 

the California Geotracker website (see Figure 2-16; Table 2-1).  Twelve of the point source 

contamination sites are associated with leaking underground storage tanks (LUSTs) for which the 

primary contaminant is petroleum hydrocarbons (gasoline, diesel and kerosene).  There are 14 

Regional Water Quality Control Board Cleanup Program or Department of Toxic Substance 

Control (DTSC) sites within the subbasin (see Figure 2-16).  Contaminants associated with these 

sites include metals, volatile organic compounds (VOCs), pesticides, herbicides, cyanide, and 

polyaromatic hydrocarbons (PAHs).  Groundwater contaminant plumes associated with these sites 

are highly localized.   
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2.1.7.5 Aquifer Primary Uses  §354.14 (b)(4)(E) 

The predominant beneficial use of groundwater in the Tule Subbasin is agricultural irrigation. 

Other beneficial uses include municipal water supply, private domestic water supply, and livestock 

washing and watering. 

2.1.8. Uncertainty in the Hydrogeologic Conceptual Model  §354.14 (b)(5) 

 

The primary sources of uncertainty in the hydrogeologic conceptual model include: 

• Knowledge of the hydraulic interaction between the shallow and deep aquifer 

• Lack of aquifer-specific groundwater levels with adequate spatial distribution to enable 

preparation of representative groundwater level maps of each aquifer in parts of the 

subbasin 

• Characteristics of the Santa Margarita Formation aquifer 

• Groundwater underflow into the alluvial aquifer system from the Sierra Nevada mountain 

block 

• Aquifer characteristics of hydraulic conductivity, transmissivity and storativity 

• Agricultural groundwater pumping 

• Well construction and pumping distribution between the shallow and deep aquifers 

• Canal seepage 

• Travel time for recharge from the land surface through the unsaturated zone to the 

groundwater 

Uncertainty in the hydrogeologic conceptual model is being addressed through a sensitivity and 

uncertainty analysis of the numerical model results from the Tule Subbasin model (TH&Co, 2020) 

(see Section 2.3.2.7).   

2.2 Groundwater Conditions  §354.16 

 

§ 354.14. (b) (5) Identification of data gaps and uncertainty within the hydrogeologic conceptual model 

 

§ 354.16. Groundwater Conditions 

Each Plan shall provide a description of current and historical groundwater conditions in the basin, including data 

from January 1, 2015, to current conditions, based on the best available information that includes the following: 
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2.2.1 Groundwater Occurrence and Flow  §354.16 (a) 

 

In general, groundwater in the Tule Subbasin flows from areas of natural recharge along major 

streams at the base of the Sierra Nevada Mountains on the eastern boundary towards a groundwater 

pumping depression in the west-central portion of the subbasin (see Figures 2-17 and 2-18).  The 

pumping depression has reversed the natural groundwater flow direction in the western portion of 

the subbasin, inducing subsurface inflow along the southern and western boundaries.    

In the upper aquifer, the pumping depression is most pronounced between the Tule River and Deer 

Creek west of Highway 99 and east of Highway 43.  The pumping depression has persisted in this 

area since at least 1987, even during periods of above-normal precipitation when groundwater 

levels temporarily recovered.  Recharge from the Tule River results in a groundwater flow divide 

in the upper aquifer along the northern boundary of the Tule Subbasin.  As such, upper aquifer 

groundwater on the north side of the river flows to the north and out of the subbasin.  Groundwater 

flow patterns in the upper aquifer have generally not changed significantly since 1990. 

In the lower aquifer, groundwater flows to the southwest toward a pumping depression in the 

western portion of the subbasin (see Figure 2-19).  This pumping depression extends from west of 

Corcoran in the northwest to the Alpaugh area in the southwestern Tule Subbasin west of Highway 

43.  There is inadequate data to prepare groundwater contour maps specific to the lower aquifer 

for spring and fall of 2017.  The groundwater contour map provided on Figure 2-19 for 2010 is the 

most recent year for which data were available to prepare a contour map. 

Groundwater level changes over time can be observed from hydrographs developed from wells 

monitored in the Tule Subbasin.  Despite a relatively wet hydrologic period between 1995 and 

1999 and periodic wet years (2005 and 2011), groundwater levels in upper aquifer wells show a 

persistent downward trend between approximately 1987 and 2017 (see Figure 2-20).  Groundwater 

level trends in wells perforated exclusively in the lower aquifer vary depending on location in the 

subbasin.  In the northwestern part of the subbasin, lower aquifer groundwater levels have shown 

a persistent downward trend from 1987 to 2017.  In the southern part of the subbasin, groundwater 

levels were relatively stable between 1987 and 2007 but began declining after 2007 (see  

Figure 2-21).   

Comparisons of hydrographs from wells perforated in the upper aquifer with wells perforated 

predominantly in the lower aquifer and in close proximity show that groundwater levels in the 

§ 354.16. (a) Groundwater elevation data demonstrating flow directions, lateral and vertical gradients, and 

regional pumping patterns, including: 

(1) Groundwater elevation contour maps depicting the groundwater table or potentiometric surface 

associated with the current seasonal high and seasonal low for each principal aquifer within the basin. 

(2) Hydrographs depicting long-term groundwater elevations, historical highs and lows, and hydraulic 

gradients between principal aquifers. 

 



 

Tule Subbasin Setting                                                                                                                 July 2022 

 

17 
 

upper aquifer are higher than groundwater levels in the lower aquifer (see Figure 2-22).  This 

indicates a downward hydraulic gradient and indicates that the upper aquifer is recharging the 

lower aquifer of the Tule Subbasin.  This is corroborated by depth-specific isolated aquifer zone 

testing conducted by the City of Porterville in three wells in which the equilibrated groundwater 

level (i.e. hydraulic head) in the deepest isolated zones, which also correspond to the lower aquifer, 

were as much as 180 ft lower than the groundwater level in the shallowest isolated zones (Schmidt, 

2009).  Faunt (2009) has suggested that the recharge of the lower aquifer via wells that are 

perforated across both aquifers has increased with the number of deep wells constructed in the San 

Joaquin Valley. 

2.2.2 Groundwater Storage  §354.16 (b) 

 

Changes in groundwater storage within the Tule Subbasin have been estimated through analysis 

of the water budget for the subbasin.  Annual change in groundwater storage in the subbasin 

between 1986/87 and 2016/17 is shown in Table 2-3 and is graphically presented on Figure 2-23.  

Comparison of the groundwater inflow elements of the water budget with the outflow elements 

shows a cumulative change in groundwater storage over the 31-year period between 1986/87 and 

2016/17 of approximately -4,948,000 acre-ft.  The average annual change in storage resulting from 

the groundwater budget is approximately -160,000 acre-ft/yr over this time period. 

2.2.3 Seawater Intrusion  §354.16 (c) 

 

Seawater intrusion cannot occur in the Tule Subbasin due to its location with respect to the Pacific 

Ocean.  The Tule Subbasin is approximately 110 miles inland of the Pacific Ocean (see  

Figure 2-1) and is separated from the ocean by approximately 90 miles of sedimentary rocks that 

make up the Coast Ranges.  These sedimentary rocks effectively separate the Pacific Ocean 

hydraulically from the aquifer system in the San Joaquin Valley.  Further, the Coast Ranges are 

dissected by multiple northwest trending faults, the largest of which is the San Andreas Fault.  

These faults form groundwater flow barriers, which further act to separate the San Joaquin Valley 

aquifers from the Pacific Ocean.  Accordingly, groundwater pumping in the Tule Subbasin cannot 

induce seawater intrusion. 

§ 354.16. (b) A graph depicting estimates of the change in groundwater in storage, based on data, demonstrating 

the annual and cumulative change in the volume of groundwater in storage between seasonal high groundwater 

conditions, including the annual groundwater use and water year type. 

§ 354.16. (c) Seawater intrusion conditions in the basin, including maps and cross-sections of the seawater 

intrusion front for each principal aquifer. 
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2.2.4 Groundwater Quality Issues  §354.16 (d) 

 

Groundwater quality issues have been designated based on agricultural and drinking water 

beneficial uses of groundwater in the Tule Subbasin.  The nine constituents of concern for drinking 

water beneficial uses are arsenic, nitrate, hexavalent chromium, dibromochloropropane (DBCP), 

1,2,3-Trichloropropane (TCP), tetrachloroethene (PCE), chloride, total dissolved solids (TDS), 

and perchlorate Concentrations.  Concentrations of these constituents of concern based on 2017 to 

2022 available data are shown on Figures 2-14a through 2-14i.  The three constituents of concern 

for agricultural uses are chloride, sodium, and TDS.  The available data from 2017 to 2022 for 

these constituents are shown on Figures 2-15a, 2-15b, and 2-15c.  

Existing groundwater quality monitoring programs within the Tule Subbasin are summarized in 

the following table:  

§ 354.16. (d) Groundwater quality issues that may affect the supply and beneficial uses of groundwater, including 

a description and map of the location of known groundwater contamination sites and plumes. 
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Programs or Data 

Portals 

Tule Subbasin 

Agency 

Coordinating with 

GSAs 

Parameters Monitoring Frequency Program Objectives 

AB-3030 and SB-

1938 Groundwater 
Management Plans  

Tule Subbasin 

GSAs, requirements 
incorporated into 

GSP Annual 
Reports  

• Water levels are typically monitored annually.  

• Ag Suitability analysis (limited suite of general 

minerals) monitoring frequency between annual 
to once every 3 years. 

Semiannual to Annual  - 

California SDWIS  Varies Public Water 

Systems  

Database for all public water system wells and 

historical sample results. Data available includes all 

Title 22 regulated constituents.  
 

• Title 22 General Minerals and Metals every 3 years.  

• Nitrate as N annually, if ≥ 5 ppm, sampled quarterly  

• VOCs and SOCs sampled every 3 years.  
• Uranium sampling depends on historical results but 

varies between 1 sample every 3 (when ≥ 10 pCi/L), 6 

(when < 10 pCi/L) or 9 (when no historical detection) 
years.  

Demonstrate compliance with Drinking Water 

Standards through monitoring and reporting 

water quality data.  
 

CV-SALTS  Tule Basin 

Management Zone, 
Tule Basin Water 

Foundation  

Sampling parameters required through Waste 

Discharge Requirements (WDR): typically include 
monthly sodium, chloride, electrical conductivity, 

nitrogen species (N, NO2, NO3, NH3), pH and 

other constituents of concern identified in the 
Report of Waste Discharge. A limited suite of 

general minerals is required quarterly from the 

source and annually from the wastewater.  

Most constituents sampled monthly, quarterly general 

minerals from source water and annual general 
minerals from waste discharge.  

To monitor degradation potential from 

wastewaters discharged to land application 
areas and provide interim replacement water 

when MCL for nitrate as N is exceeded while 

developing long term solutions for safe 
drinking water.  

Department of 
Pesticide Regulation  

County of Tulare  Pesticides  Annual  DPR samples groundwater to determine:  
(1) whether pesticides with the potential to 

pollute groundwater are present,  

(2) the extent and source of pesticide 
contamination, and  

(3) the effectiveness of regulatory mitigation 

measures.  

GAMA 

(Collaboration with 

SWQCB, RWQCB, 
DWR, DPR, NWIS, 

LLNL)  

  • Constituents sampled vary by the Program 

Objectives.  

• Typically, USGS is the technical lead in 
conducting the studies and reporting data. 

Varies • Improve statewide comprehensive e 

groundwater monitoring.  

• Increase the availability of groundwater 
quality and contamination information to the 

public.  

Geotracker and 
Envirostor 

Databases  

 

 Many contaminants of concern, organic and 
inorganic.  

Depends on program. Monthly, Semiannually, 
Annually, etc.  

Records database for cleanup program sites, 
permitted waste dischargers  

ILRP  Tule Basin Water 
Quality Coalition  

• Annually: static water level, temperature, pH, 
electrical conductivity, nitrate as nitrogen, and 

dissolved oxygen.  

• Once every five years: general minerals collection  

Annual and Every 5 years  Monitor impacts of agricultural and fertilizer  

USGS California 

Water Science 

Center  
 

 Conducted multiple groundwater quality studies of 

the Tule Subbasin.  

Reports, factsheet, and data publications range from 

1994through 2017.  

Special studies related to groundwater quality 

that provide comprehensive studies to 

characterize the basin.  



 

Tule Subbasin Setting                                                                                                                     July 2022 

 

20 
 

There are 26 active cleanup sites in the Tule Subbasin identified on the California Geotracker 

website (see Figure 2-16; Table 2-1).  Twelve of the point source contamination sites are associated 

with LUSTs for which the primary contaminant is petroleum hydrocarbons (gasoline, diesel and 

kerosene).  There are 14 Regional Water Quality Control Board Cleanup Program or Department 

of Toxic Substance Control (DTSC) sites within the subbasin (see Figure 2-16).  Contaminants 

associated with these sites include metals, VOCs, pesticides, herbicides, cyanide, and PAHs.   

2.2.5 Land Subsidence  §354.16 (e) 

 

Land surface subsidence in the Tule Subbasin as a result of lowering the groundwater level from 

groundwater production has been well documented (Ireland et al., 1984; Faunt, 2009; Luhdorff 

and Scalmanini, 2014).  Prior to 1970, as much as 12 ft of land surface subsidence was documented 

for the area immediately south of Pixley (Ireland et al., 1984).  As groundwater levels rose in the 

area throughout the 1970s and early 1980s, land subsidence was largely arrested.  During this time, 

monitoring for land subsidence that had previously been conducted along the portion of the Friant-

Kern Canal that is within the Tule Subbasin was discontinued. 

From the late 1980s into the 2000s, it is suspected that land subsidence in the Tule Subbasin was 

reactivated as groundwater levels declined.  Groundwater flow model simulations of land 

subsidence in the Central Valley by Faunt et al. (2009), which were calibrated to historical land 

subsidence that occurred in the 1960s, simulated an additional two to four feet of land subsidence 

between 1986 and 2003.   

The reactivation of land subsidence was confirmed in the late 2000s based on data from 

Interferometric Synthetic Aperture Radar (InSAR) satellites and one Global Positioning System 

(GPS) station located in Porterville, California.  InSAR data showed as much as four feet of 

additional land subsidence occurring in the northwestern portion of the Tule Subbasin between 

2007 and 2011 (see Figure 2-24) (Luhdorff and Scalmanini, 2014).  Approximately 0.4 ft of land 

subsidence occurred in the Porterville area between 2007 and 2011.  From 2015 through 2018, 

land subsidence in the Tule Subbasin, as observed from InSAR data, continued with as much as 

2.75 ft of additional land subsidence in the northwest portion of the subbasin and as much as 0.75 

ft of additional land subsidence at the Porterville GPS station (see Figure 2-25).  Based on 

benchmarks located along the Friant-Kern Canal and monitored by the Friant Water Authority, 

cumulative land subsidence along the canal between 1959 and 2017 has ranged from 

approximately 1.7 ft in the Porterville area to 9 feet in the vicinity of Deer Creek (see Figure 2-24). 

For the time period between 1987 and 2018, cumulative subsidence across the Tule Subbasin was 

estimated (in feet) based on model simulation results of land subsidence using a groundwater flow 

§ 354.16. (e) The extent, cumulative total, and annual rate of land subsidence, including maps depicting total 

subsidence, utilizing data available from the Department, as specified in Section 353.2, or the best available 

information. 

. 
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model equipped with a subsidence simulation package calibrated to observed land subsidence from 

InSAR and GPS data.  The highest cumulative land subsidence for the time period was estimated 

for the northwestern portion of the subbasin where approximately 12 feet was simulated.  The 

lowest rates of land subsidence were observed in the southeast portion of the subbasin between 

Delano and Richgrove where less than one foot of cumulative land subsidence was simulated.    

The rate of land subsidence in the Tule Subbasin varies both spatially, according the geology of 

the subsurface sediments, and temporally with changes in groundwater levels.  The average rate 

of change in land surface elevation between 1987 and 2018 for the area of maximum subsidence 

was estimated to be approximately 12 feet over the 32-year period for a rate of 0.4 ft/yr.  At the 

Porterville GPS station, the annual rate of subsidence between 2006 and 2013 was approximately 

0.09 ft/yr but increased to approximately 0.29 ft/yr between 2013 and 2019 (see Figure 2-25). 

2.2.6 Interconnected Surface Water Systems  §354.16 (f) 

 

Interconnected surface water is surface water that is hydraulically connected at any point by a 

continuous saturated zone to the underlying aquifer and the overlying surface water is not 

completely depleted.  As of January 2015, there are no areas within the Tule Subbasin where the 

depth to groundwater is within 25 ft of the land surface (see Figure 2-26).  Based on the depth to 

groundwater, it is assumed that an unsaturated zone exists between surface water features and the 

aquifer system during average and dry periods.  It is noted that there may be periods of time when 

the groundwater level temporarily rises to within 25 feet of the land surface in only a few relatively 

small areas of the Tule Subbasin, namely along the Tule River in and upstream of Porterville, and 

in the upper reaches of Deer Creek and White River.  However, this condition, if it occurs, would 

be temporary and is not the normal hydrologic relationship between surface water and groundwater 

in these areas. 

2.2.7 Groundwater Dependent Ecosystems  §354.16 (g) 

 

Groundwater dependent ecosystems require shallow groundwater or groundwater that discharges 

at the land surface.  Throughout the Tule Subbasin, the depth to groundwater is well below the 

level required to support riparian vegetation (vegetation that draws water directly from 

groundwater) or near surface ecosystems, except some areas along the Tule River east of 

Porterville.  Based on the CDWR Groundwater Dependent Ecosystems database 

§ 354.16. (f) Identification of interconnected surface water systems within the basin and an estimate of the quantity 

and timing of depletions of those systems, utilizing data available from the Department, as specified in Section 

353.2, or the best available information. 

 

§ 354.16. (g) Identification of groundwater dependent ecosystems within the basin, utilizing data available from 

the Department, as specified in Section 353.2, or the best available information. 
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(www.groundwaterresourcehub.org), the deepest root zones for groundwater dependent plants in 

the Tule Subbasin are for Valley Oak, which can reach a depth of approximately 25 feet.  Figure 

2-26 is a depth to groundwater map based on groundwater levels in January 2015.  As shown, there 

were no areas of the subbasin where the groundwater was within 25 feet of the land surface at that 

time.  It is noted that there may be periods of time when the groundwater level is within 25 feet of 

the land surface in some areas of the subbasin.  The areas most likely to support groundwater 

dependent ecosystems are along the Tule River in and upstream of Porterville, and in the upper 

reaches of Deer Creek and White River. 

2.3 Water Budget  §354.18 

 

2.3.1. Surface Water Budget  

The surface water budget for the Tule Subbasin was developed for the 31-year period from 1986/87 

to 2016/17 (see Table 2-2a for Inflow Terms and Table 2-2b for Outflow Terms).  Inflow terms 

for the surface water budget include precipitation, stream inflow, imported water, and discharge 

to the land surface from wells.  Outflow terms include infiltration of precipitation, 

evapotranspiration of precipitation from areas of native vegetation and crops, stream infiltration, 

canal loss, recharge in basins, return flow, and consumptive use. 

Ideally, the total surface water inflow to the subbasin would equal the total surface water outflow, 

indicating a complete and accurate accounting of water at the surface.  In reality, there is 

uncertainty in many of the surface water budget terms for the Tule Subbasin that does not allow 

for a perfect surface water accounting.  These include estimates for agricultural groundwater 

production, crop consumptive use, precipitation recharge, surface water outflow to Homeland 

Canal from Deer Creek, and others.  For the Tule Subbasin surface water budget, the percent 

difference between the average annual surface water inflow (1,477,000 acre-ft; Table 2-2a) and 

average annual outflow (1,474,000 acre-ft; Table 2-2b) is approximately 0.2 percent.  This 

represents a very good match between surface water inflows and outflows and indicates that the 

water budget is a good representation of actual conditions.  As additional data become available, 

it is anticipated that the surface water budget will become more accurate with time. 

It is noted that many of the surface water outflow terms are also groundwater inflow (i.e. 

groundwater recharge) terms.  Of the surface water outflow terms that become groundwater 

recharge, many are associated with water diverted in accordance with pre-existing water rights or 

§ 354.18. Water Budget 

(a) Each Plan shall include a water budget for the basin that provides an accounting and assessment of the total 

annual volume of groundwater and surface water entering and leaving the basin, including historical, current and 

projected water budget conditions, and the change in the volume of water stored. Water budget information shall 

be reported in tabular and graphical form. 
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purchased imported water.  Sources of surface water outflow that become groundwater recharge 

and are associated with existing rights and/or imported water deliveries are excluded from the 

Sustainable Yield estimate and are indicated with magenta-colored columns in Table 2-2b.  

Surface water losses that become groundwater recharge and are used to estimate Sustainable Yield 

are indicated with blue-colored columns in Table 2-2b.  Surface water losses that do not become 

groundwater recharge, such as through evapotranspiration, crop consumptive use, or surface water 

outflow are indicated with yellow-colored columns in Table 2-2b (page 2).   

Details of the individual surface water budget terms are provided in the following sections. 

2.3.1.1 Surface Water Inflow  §354.18 (b)(1) 

 

2.3.1.1.1. Precipitation 

The annual volume of water entering the Tule Subbasin as precipitation was estimated for the 

surface water budget based on the long-term average annual isohyetal map shown on Figure 2-27 

and the annual precipitation data reported for the Porterville precipitation station.  As annual 

precipitation values are not available throughout the entire Tule Subbasin, it was assumed that the 

relative precipitation distribution for each year was the same as that shown on the isohyetal map.  

The magnitude of annual precipitation within each isohyetal zone was varied from year to year 

based on the ratio of annual precipitation at the Porterville Station (see Figure 2-28) to annual 

average precipitation at the Porterville isohyetal zone multiplied by the isohyetal zone average 

annual precipitation.  Using this method, total annual precipitation in the Tule Subbasin between 

water years 1986/87 and 2016/17 ranged from approximately 99,000 to 728,000 acre-ft/yr with an 

average of 306,000 acre-ft/yr (see Column A of Table 2-2a). 

2.3.1.1.2. Stream Inflow 

Surface water inflow to the Tule Subbasin occurs primarily via three native streams: Tule River, 

Deer Creek, and the White River (see Columns B through D of Table 2-2a).  Flow in the Tule 

River is controlled through releases from Lake Success, which are documented in TRA annual 

reports.  For water years 1986/87 to 2016/17, annual surface water inflow to the Tule Subbasin via 

the Tule River, measured as releases from Lake Success, ranged from 8,820 to 439,125 acre-ft/yr 

with an average of 118,300 acre-ft/yr.  The long-term 114-year average (1904 to 2017) inflow to 

Lake Success via the Tule River channels is 139,187 acre-ft/year.   

§ 354.18. (b) The water budget shall quantify the following, either through direct measurements or estimates based 

on data: 

(1) Total surface water entering and leaving a basin by water source type. 
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Annual inflow from Deer Creek is measured at Fountain Springs by the USGS and has varied from 

approximately 2,000 to 88,000 acre-ft/yr with an average of 17,800 acre-ft/yr over water years 

1986/87 to 2016/17.  The long-term average inflow via Deer Creek for the period of record from 

1920 to 2017 is 22,035 acre-ft/year.  It is noted that although the Fountain Springs gage is located 

approximately five miles upstream of the Tule Subbasin, the creek flows over granitic bedrock 

between the gage and the alluvial basin boundary and losses along this reach are assumed to be 

limited to evapotranspiration. 

Surface water inflow from the White River is based on USGS stream gage data from the White 

River station near Ducor.  The measured data from this station is only available from 1971 to 2005.  

In order to estimate annual streamflow from 1986/87 to2016/17, it was assumed that the magnitude 

of flow in the White River is proportional to the magnitude of flow in Deer Creek.  TH&Co plotted 

monthly White River streamflow against monthly Deer Creek streamflow for the period 1971 to 

2005.  A linear regression through the data resulted in a correlation coefficient of 0.91, suggesting 

that the relationship is applicable (see Figure 2-29).  White River streamflow between 2006 and 

2017 was based on the linear interpolation of measured data.  Based on the measured and 

interpolated data, annual inflows from the White River ranged from approximately 250 to  

37,000 acre-ft/yr and averaged 5,800 acre-ft/yr from water years 1986/87 to 2016/17. 

2.3.1.1.3. Imported Water 

Imported water is delivered to eleven water agencies within the Tule Subbasin from the Friant-

Kern Canal (see Columns E through O of Table 2-2a).  Data from PID, Saucelito Irrigation District, 

Tea Pot Dome Water District, Alpaugh Irrigation District, Atwell Island Irrigation District, and 

Terra Bella Irrigation District was obtained from USBR Central Valley Operation Annual Reports.  

Imported water data for the other agencies was provided by the respective agencies.  Based on 

these data, an average of 345,600 acre-ft/yr was imported into the Tule Subbasin for the period 

from 1986/87 to 2016/17. 

2.3.1.1.4. Discharge to Crops from Wells 

Water applied to crops from wells is assumed to be the total applied water minus surface water 

deliveries from imported water and diverted streamflow (see Figure 2-30).  The total crop demand 

was estimated based on consumptive use estimates and an assumed irrigation efficiency of 79 

percent.  The estimated average annual discharge to crops from wells for water years 1986/87 to 

2016/17was approximately 664,000 acre-ft/yr (see Column P of Table 2-2a). 

2.3.1.1.5. Municipal Deliveries from Wells 

Groundwater pumping for municipal supply is conducted by the City of Porterville and small 

municipalities for the local communities in the Tule Subbasin.  From water years 1986/87 to 
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2016/17, municipal pumping from wells was estimated to average approximately 20,000 acre-ft/yr 

(see Column Q of Table 2-2a). 

It is noted that there are some households in the rural portions of the Tule Subbasin that rely on 

private wells to meet their domestic water supply needs.  However, given the low population 

density of these areas, the volume of pumping from private domestic wells is considered negligible 

compared to the other pumping sources. 

2.3.1.2 Surface Water Outflow 

2.3.1.2.1 Areal Recharge from Precipitation 

Areal recharge from precipitation falling on the valley floor in the Tule Subbasin was estimated 

based on Williamson et al., (1989).  As part of a regional hydrogeological study of the California 

Central Valley, Williamson et al., (1989) developed a monthly soil-moisture budget for the 

Sacramento Valley and San Joaquin Valley areas.  The soil moisture budget was based on 

precipitation records for the 50-yr period from 1922 to 1971. The analysis considered potential 

evapotranspiration, assumed plant root depth, soil moisture-holding capacity, and precipitation.  

Monthly precipitation that exceeded monthly potential evapotranspiration and soil-moisture 

storage was computed as net infiltration to the groundwater system.  The results were simplified 

with a linear regression model that estimates net infiltration (i.e. groundwater recharge) from 

annual precipitation (herby referred to as the Williamson Method).  The resulting relationship for 

the San Joaquin Valley region was: 

𝑃𝑃𝑇𝑒𝑥 = (0.64)𝑃𝑃𝑇 − 6.2 

Where: 

  PPTex  =  Excess Annual Precipitation (ft/yr); 

  PPT  = Annual Precipitation (ft/yr) 

   

It is noted that the Williamson Method applied to the San Joaquin Valley results in no groundwater 

recharge if average annual precipitation is less than 9.69 inches per year.  Results of the net 

infiltration analysis from Williamson et al., (1989) were used in the development of the Central 

Valley Groundwater Model developed by the USGS and documented in Faunt (2009). 

For each year, annual groundwater recharge from precipitation (i.e. PPTex) was estimated for each 

isohyetal zone (see Section 2.3.1.1.1 and Figure 2-27) using the above equation from the 

Williamson Method.  The resulting annual groundwater recharge from areal precipitation for the 

period 1986/87 to 2016/17ranged from 0 acre-ft/yr to 219,000 acre-ft/yr with an average of 

approximately 21,000 acre-ft/yr (see Column A of Table 2-2b) or approximately 7 percent of total 

precipitation. 
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2.3.1.2.2 Streambed Infiltration (Channel Loss) 

Tule River 

The Tule River is a losing stream such that infiltration of surface water within the stream channel 

recharges the groundwater system beneath it.  Total channel loss (i.e. streambed infiltration) in the 

Tule River between Lake Success and Oettle Bridge is based on TRA annual reports.  Streambed 

infiltration in the Tule River between Oettle Bridge and Turnbull Weir was estimated based on 

LTRID monthly water use summaries and TRA annual reports.  Measured channel loss includes 

infiltration as well as evapotranspiration.  Therefore, infiltration is equal to channel loss, as 

reported in TRA reports, minus evapotranspiration (described in Section 2.3.1.2.6). 

It is noted that there are two sources of water in the Tule River channel:  1) native flow associated 

with releases from Lake Success and 2) imported water from the Friant-Kern Canal. Surface water 

in the Tule River channel from Lake Success to Oettle Bridge is exclusively native water (Column 

B of Table 2-2b).  Surface water in the Tule River channel from Oettle Bridge to Turnbull Weir is 

primarily native flow but periodically includes imported water released to the channel from the 

Friant-Kern Canal. 

As there is no current accounting of Tule River channel loss from Oettle Bridge to Turnbull Weir, 

it was necessary to estimate it based on available data and an assumed loss factor.  The loss factor 

was based on the assumption that the ratio of streamflow to channel losses upstream of Oettle 

Bridge is the same as the ratio downstream.  Thus, the ratio of streamflow to channel losses 

observed upstream of Oettle Bridge (the “loss factor”) was applied to measured flow Below Oettle 

Bridge.  The loss factor was applied separately to native Tule River water and imported water 

releases to develop streambed infiltration estimates specific to both.  From water years 1986/87 to 

2016/17, average annual streambed infiltration from Success to Oettle Bridge was approximately 

16,500 acre-ft/yr (Column B of Table 2-2b). During the same time period, average annual 

streambed infiltration between Oettle Bridge and Turnbull Weir was approximately 

3,200 acre-ft/yr (see Column C of Table 2-2b).  

Deer Creek 

Deer Creek is a losing stream such that infiltration of surface water within the stream channel 

recharges the groundwater system beneath it.  Streambed infiltration (channel loss) is estimated 

for the stream reaches between the Fountain Springs gaging station and Trenton Weir and between 

Trenton Weir and Homeland Canal.   The difference in streamflow between Fountain Springs 

station and Trenton Weir is assumed to be total channel loss along this section.  Streambed and 

canal infiltration in the Deer Creek channel between Trenton Weir and Homeland Canal were 

estimated based on Pixley Irrigation District monthly water use summaries.  Measured channel 

loss includes infiltration as well as evapotranspiration.  Therefore, infiltration is channel loss minus 

evapotranspiration (described in Section 2.3.1.2.6). 
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It is noted that there are two sources of water in the Deer Creek channel:  1) native flow and 2) 

imported water from the Friant-Kern Canal.  Imported water is introduced into the Deer Creek 

channel by the Friant Water Authority via controlled and measured releases from the Friant-Kern 

Canal upstream of Trenton Weir.  Thus, until a stream gage is established upstream of the Friant-

Kern Canal/Deer Creek intersection, the separate accounting of losses associated with imported 

water and native Deer Creek surface flow will have to be approximated. 

Deer Creek channel loss from Fountain Springs to Trenton Weir was estimated based on the 

difference in measured flows between the two stations.  The surface flow between these two 

stations is assumed to be, for this water budget, native Deer Creek water.  Average annual 

infiltration from Fountain Springs to Trenton Weir was approximately 12,100 acre-ft/yr between 

water years 1986/87 to 2016/17 (see Column D of Table 2-2b). 

Flow in the Deer Creek channel from Trenton Weir to Homeland Canal is a combination of native 

Deer Creek water and imported water purchased by the Pixley Irrigation District for distribution 

in their service area.  For this water balance, it is assumed that all of the water that flows through 

Trenton Weir is either delivered to riparians and farmers or becomes channel or canal loss (i.e. 

there is no data available to document surface flow from the Deer Creek channel to Homeland 

Canal although it is known that this occurs during periods of above normal precipitation).  The 

infiltration of native Deer Creek water in the Deer Creek channel downstream of Trenton Weir is 

estimated for each month based on Pixley Irrigation District’s annual water use summaries in the 

following way: 

1. Imported water deliveries discharged from the Friant-Kern Canal to the Deer Creek 

channel were subtracted from the total flow measured at Trenton Weir to estimate the 

volume entering Pixley Irrigation District that is attributed to native Deer Creek flow. 

2. Pixley Irrigation District sales and deliveries to basins were subtracted from the total flow 

through Trenton Weir to determine the volume of water presumably lost as infiltration in 

the Deer Creek channel and canals. 

3. The total loss in No. 2 was multiplied by the ratio of Deer Creek water to total water 

measured at Trenton Weir to estimate the total losses attributed to native Deer Creek water. 

4. A ratio was developed for the length of Deer Creek channel versus the length of canals 

downstream of the Trenton Weir (0.21). 

5. The total loss attributed to native Deer Creek flow, as estimated from No. 3, was multiplied 

by the ratio of Deer Creek channel length to canal length from No. 4 to estimate the volume 

of native Deer Creek flow loss estimated to occur in the Deer Creek channel. 

6. The volume of native Deer Creek flow lost in canals was estimated as the total loss (No. 3) 

minus the loss estimated to occur in the Deer Creek channel (No. 5). 

Using the methodologies described above, average annual native Deer Creek infiltration from 

Fountain Springs to Trenton Weir for water years 1986/87 to 2016/17 was 12,100 acre-ft/yr (see 
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Column D of Table 2-2b).  The average annual native Deer Creek infiltration in the Deer Creek 

channel between Trenton Weir and Homeland Canal was approximately 700 acre-ft/yr (see 

Column E of Table 2-2b). 

White River 

All of the surface water flow measured or interpolated at the White River stream gage, after 

accounting for ET losses, is assumed to become streambed infiltration.  Average annual infiltration 

from White River flow for water year 1986/87 to 2016/17was estimated to be approximately 

5,600 acre-ft/yr (see Column F of Table 2-2b). 

2.3.1.2.3 Canal Losses 

Canal Losses from Tule River Diversions 

A portion of the native Tule River water that is diverted into unlined canals is lost through 

infiltration into the subsurface groundwater subbasin.  For PID, Vandalia Water District, and 

Woods-Central Ditch Co., delivery losses in unlined canals are accounted for in the portion of the 

water budget that address deep percolation of applied water.   

In the LTRID, canal losses attributed to Tule River diversions are estimated from the District’s 

annual water use summaries reports.  Total canal losses within the LTRID (which include both 

native river water and imported water) are estimated by subtracting streambed infiltration and ET 

from the total losses reported in the annual water use summaries.  Canal losses attributed to native 

Tule River water are based on the ratio of native Tule River water to imported water (Table 2-2b, 

Column G).  The average annual Tule River canal loss from water years 1986/87 to 2016/17 was 

approximately 22,300 acre-ft/yr.  

Canal Losses from Deer Creek Diversions 

It is assumed that canal losses from delivery of native Deer Creek water to riparians and farmers 

occur only within the Pixley Irrigation District.  To estimate canal losses within the Pixley 

Irrigation District, the estimated infiltration and ET within the Deer Creek channel (see Section 

2.3.1.2.6) was subtracted from total losses.  The average annual Deer Creek canal loss for water 

years 1986/87 to 2016/17was approximately 2,600 acre-ft/yr (see Column H of Table 2-2b). 

Canal Losses from Imported Water Deliveries 

With the exception of canal losses within the Angiola Water District and PID, imported water that 

infiltrates into the subsurface groundwater subbasin from the Tule River channel, Deer Creek 

channel, and unlined canals is grouped together.  Within the Angiola Water District and PID, canal 

losses are accounted for in the portion of the water budget that addresses deep percolation of 

applied water. 
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For the LTRID GSA and Pixley Irrigation District GSA areas, imported water losses in channels 

and canals are estimated by subtracting infiltration losses attributed to native Tule River and Deer 

Creek water from the total losses estimated to occur in the LTRID and Pixley Irrigation District 

service areas as documented in their respective annual water use summary reports.  The resulting 

estimate of average annual imported water canal loss for water years 1986/87 to 2016/17 was 

approximately 50,600 acre-ft (see Column I of Table 2-2b). 

2.3.1.2.4 Managed Recharge in Basins 

Managed Recharge of Tule River Diversions 

Managed recharge (i.e. recharge in basins) of diverted streamflow, imported water, and recycled 

water is accomplished within the Tule Subbasin via multiple recharge facilities (see Figure 2-7).  

Native Tule River water is diverted to basins for recharge by Pioneer Water Company, Campbell 

and Moreland Ditch Company, Vandalia Water District, PID, and LTRID.  All of the water 

diverted to basins by Campbell and Moreland Ditch Company and Vandalia Water District is 

native Tule River flow.  To estimate the portion of basin recharge attributable to native Tule River 

water in LTRID basins downstream of Oettle Bridge, TH&Co multiplied the ratio of Tule River 

gaged flow below Oettle Bridge to the total water delivered to the LTRID by the total recharge in 

basins reported in the LTRID annual water use summaries.  Using this methodology, the average 

annual Tule River recharge in basins from water years 1986/87 to 2016/17 was approximately 

11,600 acre-ft (see Column J of Table 2-2b). 

Managed Recharge of Deer Creek Diversions 

Managed recharge (i.e. recharge in basins) of diverted Deer Creek streamflow is accomplished via 

multiple recharge facilities (see Figure 2-7).  Native Deer Creek water is diverted to basins for 

recharge by Pixley Irrigation District and DCTRA.  Artificial recharge attributed to native Deer 

Creek water is estimated by multiplying the total recharge in basins reported in Pixley Irrigation 

District annual water use summaries by the ratio of native Deer Creek water to total water flowing 

through the Trenton Weir.  The average annual Deer Creek recharge in basins for water years 

1986/87 to 2016/17was estimated to be approximately 800 acre-ft/yr (see Column K of Table 

2-2b). 

Managed Recharge of Imported Water 

Managed recharge of imported water is accomplished via multiple recharge facilities within the 

LTRID, Pixley Irrigation District, PID, Teapot Dome Water District and DEID.  Managed recharge 

attributed to imported water in the LTRID is estimated by multiplying the total recharge in basins 

reported in annual water use summaries by the ratio of imported water to total surface water flow 

available.  Managed recharge attributed to imported water in the Pixley Irrigation District is 

estimated by multiplying the total recharge in basins reported in annual water use summaries by 
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the ratio of imported water to total water flowing through the Trenton Weir.  Volumes of imported 

water delivered to recharge in basins for PID, Teapot Dome Water District, and DEID were 

provided by the respective agencies.  The resulting estimated average annual imported water 

recharge in basins for water years 1986/87 to 2016/17 was approximately 11,100 acre-ft (see 

Column L of Table 2-2b). 

Recharge of Recycled Water in Basins 

A portion of recycled water from the City of Porterville is discharged to basins where it infiltrates 

into the subsurface.  Artificial recharge of recycled water was estimated as 75 percent of all 

available recycled water from 1990/91 to 2003/04 based on California Regional Water Quality 

Control Board Order No. R5-2008-0034.  Artificial recharge was assumed to be 2,000 acre-ft/yr 

from 2004/05 to 2009/10 based on Schmidt (2009).  The average annual recycled water recharge 

for water years 1986/87 to 2016/17 was estimated to be approximately 3,200 acre-ft/yr (see Table 

2-2b, Column M). 

2.3.1.2.5 Deep Percolation of Applied Water 

Deep Percolation of Applied Tule River Diversions 

A portion of native Tule River water that is delivered and applied for agricultural irrigation is 

assumed to infiltrate below the root zones of plants and become deep percolation to the 

groundwater.  Deep percolation from irrigated agriculture was applied to the various land uses in 

the Tule Subbasin according to the irrigation method (e.g. drip irrigation, flood irrigation, micro 

sprinkler, etc.) for each land use type reported in CDWR on-line land use maps.  Irrigation 

efficiencies were applied to the different irrigation methods based on tables reported in California 

Energy Commission (2006).  

Tule River water is diverted for agricultural irrigation by the Pioneer Water Company, Porter 

Slough Headgate, Porter Slough Ditch Company, Campbell and Moreland Ditch Company, Poplar 

Irrigation Company, Woods-Central Ditch Company, Hubbs and Miner Ditch Company, and 

LTRID.  In the LTRID, applied water attributed to native Tule River water is based on the ratio of 

total native Tule River water entering the LTRID to the total water available to the district 

(including imports) multiplied by the volume of water delivered for irrigation.  Using this 

methodology, the average annual deep percolation of native Tule River water for water years 

1986/87 to 2016/17was approximately 14,200 acre-ft/yr (see Column N of Table 2-2b). 

Deep Percolation of Applied Deer Creek Diversions 

The portion of native Deer Creek water delivered for agricultural use within the Pixley Irrigation 

District is estimated by multiplying the total deliveries reported in Pixley Irrigation District annual 

water use summaries by the ratio of native Deer Creek water to total water flowing through the 
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Trenton Weir. Deep percolation of applied Deer Creek diversions is estimated based on the 

irrigation method (e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) for each land use type 

reported in DWR on-line land use maps.  Irrigation efficiencies were applied to the different 

irrigation methods based on tables reported in California Energy Commission (2006). From water 

years 1986/87 to 2016/17, average annual deep percolation of native Deer Creek water was 

estimated to be approximately 300 acre-ft/yr (see Column O of Table 2-2b). 

Deep Percolation of Applied Imported Water 

The estimate of imported water delivered and applied to crops within the agencies that receive 

imported water is based on the total imported water delivery minus losses and recharge in basins.  

Deep percolation of applied imported water is estimated based on the irrigation method (e.g. drip 

irrigation, flood irrigation, micro sprinkler, etc.) for each land use type reported in DWR on-line 

land use maps.  Irrigation efficiencies were applied to the different irrigation methods based on 

tables reported in California Energy Commission (2006).  For water years 1986/87 to 2016/17, the 

estimated average annual deep percolation from imported water was approximately  

64,300 acre-ft/yr (see Column P of Table 2-2b). 

Deep Percolation of Applied Recycled Water 

The estimate of recycled water delivered and applied to crops was provided by the City of 

Porterville.  Deep percolation of applied recycled water is estimated based on the irrigation method 

(e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) for each land use type reported in DWR 

on-line land use maps.  Irrigation efficiencies were applied to the different irrigation methods based 

on tables reported in California Energy Commission (2006).  For water years 1986/87 to 2016/17, 

the estimated average annual deep percolation from recycled water was approximately  

400 acre-ft/yr (see Column Q of Table 2-2b). 

Deep Percolation of Applied Native Groundwater for Agricultural Irrigation 

The balance of agricultural irrigation demand not met by imported water or stream diversions is 

assumed to be met by groundwater pumping.  Deep percolation of applied native groundwater is 

estimated based on the irrigation method (e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) 

for each land use type reported in DWR on-line land use maps.  Irrigation efficiencies were applied 

to the different irrigation methods based on tables reported in California Energy Commission 

(2006).  For water years 1986/87 to 2016/17, average annual deep percolation from applied 

agricultural pumping was approximately 145,400 acre-ft/yr (see Column R of Table 2-2b). 

Deep Percolation of Applied Native Groundwater for Municipal Irrigation 

Deep percolation from applied landscape irrigation was estimated for the urbanized portions of the 

Tule Subbasin.  Because the cities within the Tule Subbasin do not have surface water rights on 



 

Tule Subbasin Setting                                                                                                                     July 2022 

 

32 
 

the Tule River or Deer Creek and do not purchase imported water, 100 percent of their water 

demand is met from groundwater pumping.  For the City of Porterville, landscape irrigation was 

estimated to be 47 percent of the total water delivered to each home based on an analysis of the 

total groundwater production and influent flows to the wastewater treatment plant (City of 

Porterville draft Urban Water Management Plan 2010 Update, 2014).  Of the water used for 

irrigation, 25 percent was assumed to become return flow. 

For the other smaller communities in the Tule Subbasin, wastewater discharge was assumed to be 

through individual septic systems.  For water discharged to septic systems, it was assumed that 

100 percent of the discharge became return flow.  As with the City of Porterville, 47 percent of 

total water use was assumed to be for landscape irrigation and 25 percent of the landscape irrigation 

is assumed to become return flow. 

For water years 1986/87 to 2016/17, average annual return flow from municipal production was 

estimated to be approximately 6,700 acre-f/yr (see Column S of Table 2-2b). 

2.3.1.2.6 Evapotranspiration 

Evapotranspiration of Precipitation from Crops and Native Vegetation 

Evapotranspiration (ET) is the loss of water to the atmosphere from free-water evaporation, soil-

moisture evaporation, and transpiration by plants (Fetter, 1994).  Evapotranspiration of 

precipitation is assumed to be the balance between total precipitation and areal recharge.  This 

value includes evapotranspiration of precipitation from crops as well as native vegetation.  From 

water years 1986/87 to 2016/17, evapotranspiration of precipitation was estimated to average 

approximately 286,000 acre-ft/yr (see Column T of Table 2-2b, Page 2). 

Evapotranspiration of Surface Water within the Tule River Channel 

Evapotranspiration of surface water within the Tule River channel is a function of the ET rate and 

wetted channel surface area.  The ET rate was based on published data for riparian vegetation in 

an intermittent stream (Leenhouts et al., 2005).  As the channel width of the Tule River varies, 

TH&Co identified reaches with similar average channel width using aerial photographs (Google 

Earth).  The ET rate was applied to the surface area of each reach to obtain an estimate of ET.  The 

sum of reach by reach ET estimates between Lake Success and the western Tule Subbasin 

boundary represents the total Tule River ET shown in Table 2-2b, Page 2, Column U.  The resulting 

average annual ET is approximately 700 acre-ft/yr for water years 1986/87 to 2016/17 (see Table 

2-2b, Page 2, Column V). 

Evapotranspiration of Surface Water within the Deer Creek Channel 

Evapotranspiration within the Deer Creek channel was estimated using the same methodology as 

for the Tule River.  Average annual ET within the Deer Creek channel was estimated to be 
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approximately 300 acre-ft/yr for water years 1986/87 to 2016/17 (see Table 2-2b, Page 2,  

Column X). 

Evapotranspiration of Surface Water within the White River Channel 

Evapotranspiration in the White River channel was estimated using the same methodology as for 

the Tule River.  For water year 1986/87 to 2016/17, the average annual evapotranspiration was 

estimated to be approximately 100 acre-ft/yr (see Column Y of Table 2-2b, Page 2). 

Evapotranspiration of Recycled Water in Basins 

 Evapotranspiration of recycled water delivered to recharge basins was estimated to be 

50 acre-ft/yr (see Column AB of Table 2-2b, Page 2) based on Schmidt (2009). 

Agricultural Consumptive Use 

Columns U, W, Z, AA and AC of Table 2-2b includes agricultural consumptive use of applied 

water, not including the portion of the consumptive use met by precipitation, which is included in 

Column T.  Historical agricultural crop water demand (i.e. applied water demand) was estimated 

based on records of the types and areas of crops grown, estimates of consumptive use for each 

crop, and estimates of the irrigation efficiency.  Information on the types and areas of crops for the 

LTRID and Pixley Irrigation District were obtained from annual crop surveys from each respective 

district.  The types and areas of crops in other parts of the Tule Groundwater Subbasin within 

Tulare County were estimated from land use maps and associated data published by the CDWR 

for 1993, 1999, and 2007 (see Figure 2-31).  For the portion of the Subbasin in Kern County 

(DEID), land use maps were obtained from CDWR (1990) and Kern County Department of 

Agriculture and Measurement Standards (1999 and 2007).  Consumptive use estimates for the 

various crop types were based on crop coefficients published in ITRC (2003).  In order to estimate 

a total agricultural irrigation water demand, the consumptive use estimates for each crop were 

multiplied by the area of the crop, which in turn was multiplied by a return flow factor reflecting 

the irrigation efficiency (see Section 2.3.1.2.5). 

The estimated average annual agricultural consumptive use for the period of the groundwater 

budget was approximately 773,900 acre-ft/yr (sum of Columns U, W, Z, AA and AC of  

Table 2-2b). 

Municipal Consumptive Use 

Consumptive use of landscaping associated with applied municipal groundwater pumping was 

estimated based on an assumed applied water to landscaping and return flow factor.  As presented 

in Section 2.3.1.2.5, it is assumed 47 percent of municipal water use is applied to landscaping.  It 

is assumed that 75 percent of applied water to landscaping is consumptively used by the plants and 
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25 percent becomes return flow.  For water years 1986/87 to 2016/17, estimated average annual 

municipal consumptive use was approximately 6,800 acre-ft/yr (see Column AD of Table 2-2b). 

2.3.1.2.7 Surface Water Outflow 

Tule River 

Any residual stream flow in the Tule River that reaches the Turnbull Weir, located at the west 

(downstream) end of the Tule Subbasin, is assumed to flow out of the subbasin (see Figure 2-7).  

From water years 1986/87 to 2016/17, surface water outflow ranged from 0 to 121,000 acre-ft/yr 

and averaged 14,000 acre-ft/yr (see Table 2-2b, Page 2, Column AE). 

It is noted that additional outflow may occur at smaller canal outlets at the west end of the Tule 

Subbasin.  The data for these outflows was unavailable for this report. 

Deer Creek 

During periods of above-normal precipitation, residual stream flow left in the Deer Creek after 

diversions has historically flowed into Homeland Canal, located at the west end of the Tule 

Subbasin (see Figure 2-7).  The data for this outflow was unavailable for this report (see 

Column AF of Table 2-2b, Page 2).  As this data becomes available, it will be incorporated into 

the surface water budget. 

2.3.2. Groundwater Budget  §354.18 (b)(2) 

The groundwater budget describes the sources and estimates the volumes of groundwater inflow 

and outflow within the Tule Subbasin (see Table 2-3).  A fundamental premise of the groundwater 

budget is the following relationship: 

Inflow – Outflow = +/- S 

Inflow terms include groundwater recharge to the subbasin including areal recharge from 

precipitation, recharge in stream/river channels, artificial recharge, canal losses, return flow, 

release of water from compression of aquitards, and subsurface inflow.  It is noted that many of 

the groundwater inflow terms are surface water outflow terms from Table 2-2b.  Outflow terms 

include groundwater pumping, evapotranspiration, and subsurface outflow.  The difference 

between the sum of inflow terms and the sum of outflow terms is the change in groundwater 

storage (S) (see Table 2-3). 

As with the surface water budget tables, the individual columns in the groundwater budget table 

are color coded to reflect their role in the Sustainable Yield estimate.  Sources of groundwater 

recharge (i.e. inflow) that are associated with pre-existing water rights and/or imported water 
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deliveries are indicated with magenta-colored columns in Table 2-3 and are not used to estimate 

the Sustainable Yield.  Groundwater recharge elements that are used to estimate Sustainable Yield 

are indicated with blue-colored columns.  Groundwater pumping is not used in the equation to 

estimate Sustainable Yield and is shown as yellow-colored columns in Table 2-3. 

2.3.2.1 Sources of Groundwater Recharge §354.18 (b)(2) 

 

2.3.2.1.1 Areal Recharge 

Groundwater recharge from precipitation falling on the valley floor in the Tule Subbasin was 

estimated based on Williamson et al., (1989) (see Section 2.3.1.1.1).  The resulting annual 

groundwater recharge from areal precipitation using this method ranged from 0 acre-ft/yr to 

219,000 acre-ft/yr with a 31-yr average of approximately 21,000 acre-ft/yr (see Column A, 

Table 2-3).  

2.3.2.1.2 Groundwater Recharge from the Tule River 

Groundwater recharge of native Tule River water occurs as streambed infiltration, infiltration of 

water in unlined canals, recharge in basins, and deep percolation of applied water.  Tule River 

water that becomes groundwater recharge is described in Section 2.3.1.2 and summarized in 

Columns B through F of Table 2-3.  Average annual groundwater recharge of native Tule River 

water was estimated to be approximately 67,800 acre-ft/yr for water years 1986/87 to 2016/17. 

2.3.2.1.3 Groundwater Recharge from Deer Creek 

Groundwater recharge of native Deer Creek water occurs as streambed infiltration, canal loss, 

recharge in basins, and deep percolation of applied water. Deer Creek water that becomes 

groundwater recharge is described in Section 2.3.1.2 and summarized in Columns G through K of 

Table 2-3.  For water years 1986/87 to 2016/17 average annual groundwater recharge of native 

Deer Creek water was estimated to be approximately 16,500 acre-ft/yr. 

2.3.2.1.4 Streambed Infiltration in the White River 

Groundwater recharge of White River water occurs as streambed infiltration as described in 

Section 2.3.1.2 and summarized in Column L of Table 2-3.  Estimated average annual groundwater 

recharge from White River water was approximately 5,600 acre-ft/yr for water years 1986/87 to 

2016/17. 

§ 354.18. (b) (2) Inflow to the groundwater system by water source type, including subsurface 

groundwater inflow and infiltration of precipitation, applied water, and surface water systems, such as 

lakes, streams, rivers, canals, springs and conveyance systems. 
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2.3.2.1.5 Groundwater Recharge from Imported Water Deliveries 

Groundwater recharge of imported water occurs as canal loss, recharge in basins, and deep 

percolation of applied water as described in Section 2.3.1.2 and summarized in Columns M 

through O of Table 2-3.  For water years 1986/87 to 2016/17 average annual groundwater recharge 

from imported water was estimated to be approximately 126,000 acre-ft/yr. 

2.3.2.1.6 Recycled Water 

Groundwater recharge of recycled water occurs as artificial recharge and return flow of applied 

water as described in Section 2.3.1.2 and summarized in Columns R and S of Table 2-3.  For water 

years 1986/87 to 2016/17 average annual groundwater recharge from recycled water was estimated 

to be approximately 3,600 acre-ft/yr. 

2.3.2.1.7 Deep Percolation of Applied Water from Groundwater Pumping 

A portion of irrigated agriculture and municipal applied water from groundwater pumping 

becomes deep percolation and groundwater recharge as described in Section 2.3.1.2.5 and 

summarized in Columns P and Q of Table 2-3.  For water years 1986/87 to 2016/17 average annual 

groundwater recharge associated with return flow from groundwater pumping was estimated to be 

approximately 152,100 acre-ft/yr. 

2.3.2.1.8 Release of Water from Compression of Aquitards 

Prolonged lowering of groundwater levels in the Tule Subbasin results in the drainage of water 

from low permeability subsurface aquitards that occur beneath the potentiometric groundwater 

surface.  Aquitards are low permeability layers with relatively high silt and clay content.  As the 

aquitards are compressible, the release of pore pressure caused by the lowering of groundwater 

levels also results in compression of the low permeability layers.  Within a limited range of 

groundwater level fluctuation, the compressed aquitard can accept water back into its structure 

when groundwater levels rise resulting in elastic rebound.  However, if groundwater levels are 

maintained at low elevations for long enough periods of time as a result of groundwater pumping, 

the compression of aquitards becomes permanent.  This permanent compression of subsurface 

layers results in land surface subsidence, which has been observed in the Tule Subbasin prior to 

1970 (Ireland et al., 1984) and between 2007 and 2011 (Luhdorff and Scalmanini, 2014).  The 

slow release of water from the permanent compaction of subsurface aquitards also results in a one-

time contribution of water to the aquifer system.  However, it is noted that this is not a renewable 

source of water to the aquifer. 

The estimate of the volume of water contributed to the aquifer through compression of aquitards 

between 1986 and 2017 was based on groundwater flow model analysis and output using the 

subsidence package in MODFLOW.  The total volume of water contributed to the aquifer from 
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aquitard compression during this time period is estimated to be approximately 2,400,000 acre-ft 

with an annual average of approximately 77,000 acre-ft/yr (see Column T of Table 2-3).   

2.3.2.1.9 Subsurface Inflow 

The Tule Subbasin is not a closed basin and the aquifer is in hydrologic connection with adjacent 

subbasins to the north, west and south.  Groundwater flow into and out of the Tule Subbasin along 

these boundaries varies over time in accordance with the groundwater level conditions and flow 

patterns within and outside the subbasin.  The only source of subsurface inflow to the Tule 

Subbasin along the eastern boundary is mountain-front inflow resulting from infiltration of 

precipitation in the secondary porosity features (joints and fractures) of the bedrock east of the 

basin and along the mountain front.  This recharge enters the alluvial groundwater basin where the 

alluvium is in hydrologic connection with the fractures in the bedrock in the subsurface. 

A summary of subsurface inflow values estimated for 1986/87 to 2016/17 is provided in  

Table 2-3 (Column U).  As shown, inflow through the southern and western boundary across both 

the shallow and deep aquifers ranges from 83,000 acre-ft in 2009/10 to 144,000 acre-ft in 1990/91 

with an average over the years of interest of 118,000 acre-ft/yr.  The average net inflow into the 

Tule Subbasin along the south and west boundaries for the time period is approximately 53,000 

acre-ft/yr after accounting for outflow (see Section 2.3.2.3.4). 

2.3.2.1.10 Mountain Front Recharge 

Mountain front recharge represents the infiltration of precipitation into the fractures in the bedrock 

east of the Tule Subbasin, which eventually flows into the alluvial aquifer system of the Tule 

Subbasin in the subsurface where the fractured rock aquifer system in in hydrologic 

communication with the alluvial aquifer system.  Subsurface inflow along the eastern Tule 

Subbasin boundary was estimated through a parameter estimation calibration process of the 

groundwater flow model of the subbasin.  In this calibration method, the model was given a wide 

range of potential recharge along the eastern Tule Subbasin.  The model automatically varied 

aquifer parameters and mountain-front recharge through an iteration process until it arrived at an 

optimum fit of measured and model-generated groundwater levels.  Tule Subbasin mountain-front 

recharge that resulted in the best model calibration was approximately 29,000 acre-ft/yr (see 

Column V of Table 2-3 and Column J of Table 2-4).   

2.3.2.2 Sources of Groundwater Discharge  §354.18 (b)(3) 

 

§ 354.18. (b) (3) Outflows from the groundwater system by water use sector, including 

evapotranspiration, groundwater extraction, groundwater discharge to surface water sources, and 

subsurface groundwater outflow. 
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2.3.2.2.1 Municipal Groundwater Pumping 

Groundwater pumping for municipal supply is conducted by the City of Porterville and small 

municipalities for the local communities in the Tule Subbasin as described in Section 2.3.1.1.5.  

For water years 1986/87 to 2016/17, municipal groundwater production was estimated to average 

approximately 19,400 acre-ft/yr (see Column W of Table 2-3, Page 2). 

2.3.2.2.2 Agricultural Groundwater Pumping 

Agricultural groundwater production is estimated as the total applied water demand for crops 

minus surface deliveries.  The estimated average annual discharge to crops from wells for water 

years 1986/87 to 2016/17 is approximately 664,000 acre-ft/yr (see Column X of Table 2-3, 

Page 2). 

2.3.2.2.3 Groundwater Pumping for Export Out of the Tule Subbasin 

Some of the groundwater pumping that occurs on the west side of the Tule Subbasin is exported 

out of the subbasin for use elsewhere.  Angiola Water District and the Boswell/Creighton Ranch 

have historically exported pumped groundwater out of the Tule Subbasin.  Annual groundwater 

exports have ranged from 0 between 1995 and 1999 to 63,640 acre-ft in the 2012/13 water year 

(see Column Y of Table 2-3, Page 2) with the average for water years 1986/87 to 2016/17 of 

28,200 acre-ft/yr.  This water is accounted for separately because the water is not applied within 

the subbasin and there is no associated return flow. 

2.3.2.2.4 Subsurface Outflow 

Outflow estimates (Table 2-3; Column AA) range from 51,000 acre-ft in 1988/89 to  

92,000 acre-ft in 2009/10, with an average of 65,000 acre-ft/yr.   

2.3.2.3 Changes in Groundwater Storage  §354.18 (b)(4) 

 

Comparison of the groundwater inflow elements of the water budget with the outflow elements 

shows a cumulative change in groundwater storage over the period between 1986/87 to 2016/17 

of approximately -4,948,000 acre-ft (see Table 2-3).  The average annual change in storage 

resulting from the groundwater budget is approximately -160,000 acre-ft/yr.  It is noted that this 

time period was used as it matches the calibration period for the Tule Subbasin groundwater flow 

model used to evaluate future projects and management actions for the subbasin.  However, the 

average hydrology over the time period is relatively dry (see Figure 2-28) and the resulting change 

in storage is not representative of long-term average conditions.  A groundwater change in storage 

§ 354.18. (b) (4) The change in the annual volume of groundwater in storage between seasonal high 

conditions. 
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value representative of average hydrological conditions is provided in Section 2.3.2.5 for the 

period 1990/91 to 2009/10.   

2.3.2.4 Overdraft  §354.18 (b)(5) 

 

The average annual change in groundwater storage over the period from 1990/91 to 2009/10, 

which represents average hydrologic conditions within the Tule Subbasin, was approximately  

-115,300 acre-ft/yr. This value represents the average annual historical overdraft of the subbasin. 

2.3.2.5 Water Year Type  §354.18 (b)(6) 

 

All water budget elements and change in groundwater storage presented herein are based on a 

water year, which begins October 1 and ends September 30.  Water year types with respect to 

hydrologic conditions (i.e. above average, average or below average precipitation conditions based 

on Figure 2-28) are shown in the historical water budget tables (Tables 2-2a, 2-2b, and 2-3). 

2.3.2.6 Sustainable Yield  §354.18 (b)(7) 

 

Sustainable yield is defined in the Sustainable Groundwater Management Act (SGMA) Chapter 2, 

§10721 (v) as:  

The maximum quantity of water, calculated over a base period representative of long-term 

conditions in the basin and including any temporary surplus, that can be withdrawn annually 

from a groundwater supply without causing an undesirable result. 

The Sustainable Yield of the Tule Subbasin is a function of the overall water balance of the area.  

Changes in surface water/groundwater inflow to the basin and surface water/groundwater outflow 

from the basin impact the Sustainable Yield.  As groundwater management and land use changes 

impact the water balance, they also impact the Sustainable Yield.  A generalized expression of the 

water balance is as follows: 

§ 354.18. (b) (5) If overdraft conditions occur, as defined in Bulletin 118, the water budget shall include 

a quantification of overdraft over a period of years during which water year and water supply conditions 

approximate average conditions. 

 

§ 354.18. (b) (6) The water year type associated with the annual supply, demand, and change in 

groundwater stored. 

§ 354.18. (b) (7) An estimate of sustainable yield for the basin. 

 



 

Tule Subbasin Setting                                                                                                                     July 2022 

 

40 
 

Inflow – Outflow = +/- Change in Storage   (1) 

The water balance equation for pre-developed conditions (prior to human occupation) can be 

further expressed as: 

(Ipr + Istr + Iss + Imb)  –  (Oss + Oet) = S   (2) 

Where: 

Ipr = Inflow from Areal Recharge of Precipitation 

Istr = Inflow from Infiltration of Runoff in Stream Beds 

Iss = Inflow from Subsurface Underflow 

Imb = Inflow from Mountain-Block Recharge 

Oss = Subsurface Outflow 

Oet = Evapotranspiration 

S = Change in Groundwater Storage 

Under pre-developed conditions, the groundwater basin would be in a state of equilibrium such 

that the inflow and outflow would balance and there would be no significant long-term change in 

storage assuming a static climatic condition.  Under this condition, groundwater levels would be 

relatively stable. 

Under developed land use conditions, the water balance changes as groundwater is pumped from 

the basin for irrigation and municipal supply.  Lowering of the groundwater table resulting from 

pumping reduces the amount of groundwater that would otherwise leave the basin and reduces 

evapotranspiration losses in areas of shallow groundwater (e.g. Tulare Lake).  Some of the pumped 

groundwater used for irrigation infiltrates past the roots of the plants and returns to the groundwater 

as return flow.  Water imported into the area is applied to crops but some is lost as infiltration in 

unlined canals and as return flow.  Groundwater return flow also occurs as a result of discharges 

from individual septic systems.  Other sources of recharge to the groundwater under developed 

land use include wastewater treatment plant discharges and artificial recharge in spreading basins.   

The water balance equation for developed land use conditions can be modified as follows: 

(Ipr + Istr + Ican + Iar + Irfgw + Irfimp + Icom+ Iss + Imb)  –  (Oss + Oet + Op) = S  (3) 

Where: 

Ican =  Inflow from Canal Losses 
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Iar =  Inflow from Artificial Recharge 

Irfgw =  Inflow from Return Flow of Applied Water from Groundwater Pumping 

Irfimp =  Inflow from Return Flow of Applied Water from Imported Water 

Icom =  Inflow of Water Released from Compression of Aquitards 

Op=  Outflow from Groundwater Pumping 

If the inflow terms exceed the outflow terms, then the groundwater in storage increases (become 

positive) and groundwater levels rise.  If the outflow terms exceed the inflow, then the groundwater 

in storage decreases (become negative) and groundwater levels drop.  It is assumed that the 

Sustainable Yield of the Tule Subbasin is the long-term average groundwater pumping rate, under 

projected land use conditions, that results in no significant long-term net negative change in 

groundwater storage in the basin.  Based on this premise, the water balance equation can be 

rearranged and simplified to estimate Sustainable Yield: 

Sustainable Yield = S + Op – Ican - Iar - Irfimp - Icom    (4) 

Thus, if the change in groundwater storage over the planning period is zero and there is no imported 

water or release of water from compression of aquitards, then the Sustainable Yield is equal to the 

pumping.  This relationship is valid if the following conditions are met: 

1. The Sustainable Yield incorporates a hydrology that is representative of a relatively long 

period of record that includes multiple wet and dry hydrologic cycles. 

2. The land use conditions are representative of the time period. 

The Sustainable Yield can also be expressed as all of the components of the water balance not 

explicitly expressed in Equation 4: 

Sustainable Yield = Ipr + Istr + Irfgw + Iss + Imb - Oss   (5) 

It is noted that the Tule Subbasin Technical Advisory Committee has determined that recharge to 

the Tule Subbasin associated with the delivery of imported water and the diversion of water from 

the Tule River and Deer Creek associated with Pre-1914 water rights will not be included in the 

Sustainable Yield of the subbasin.  This includes canal losses from delivery of imported water and 

diverted stream flow, deep percolation of applied imported water and diverted stream flow, and 

managed recharge in basins. 

Applying Equations 4 and 5 to the historical water budget of the Tule Subbasin does not result in 

a representative Sustainable Yield because the subbasin was in overdraft during the historical water 

budget period.  Groundwater pumping depressions that have developed in the western portion of 

the subbasin have historically captured groundwater that would have otherwise left the subbasin.  
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This increase in groundwater inflow and subsequent decrease in groundwater outflow increased 

the apparent Sustainable Yield, which was reported to be approximately 257,725 acre-ft/yr based 

on the water budget from water year 1990/91 to 2009/10 (TH&Co, 2017).  However, since the 

downward groundwater trends that resulted in this condition are not sustainable, the associated 

Sustainable Yield from this water budget is not representative.  

The Sustainable Yield of the Tule Subbasin will change in the future as a result of changes in 

groundwater levels and flow associated with planned projects and management actions and 

changes in deep percolation of applied water (i.e. return flow) from reduced groundwater pumping.  

Most of the GSAs in the subbasin plan management actions that include a reduction in irrigated 

acreage to address the need to reduce groundwater production.  This necessary action will change 

the water budget by not only decreasing outflow from groundwater pumping but also reducing 

deep percolation of applied water (return flow) and changing the dynamics of inflow and outflow 

at the subbasin boundaries.  This new water budget regime will result in a Sustainable Yield that 

is different from what was realized historically.  Thus, the Sustainable Yield of the Tule Subbasin 

presented herein was estimated based on the projected future water budget (see Section 2.3.5), 

which is more representative than the Sustainable Yield from the historical water budget. 

The projected water budget that was the basis for the Sustainable Yield estimate was developed 

using a calibrated groundwater flow model of the Tule Subbasin (TH&Co, 2020).  The projected 

water budgets incorporated all planned projects and management actions of the Tule Subbasin 

GSAs as well as adjustments to hydrology and water deliveries from climate change guidelines 

provided by the CDWR (see Section 2.3.5).  In order to address uncertainty in the model results, 

the projected water budget was initially analyzed with 240 realizations of the groundwater flow 

model.  In each realization, aquifer parameters, consumptive use, and mountain front recharge 

were varied within acceptable ranges that produced acceptable overall model calibrations.  The 

resulting water budgets were processed, based on Equation 5 above, to produce Sustainable Yield 

estimates for each year of the 50-yr implementation and planning horizon (2020 to 2070).  Of the 

original 240 model realizations, 175 resulted in a projected average annual change in groundwater 

storage greater than -5,000 acre-ft/yr.  The average Sustainable Yield for the time period from 

2040 to 2050 was used as the Sustainable Yield for the 175 model realizations resulting in greater 

than -5,000 acre-ft/yr of annual storage change.  The 175 estimates of Sustainable Yield formed a 

normal distribution when plotted (see Figure 2-32).  The time period from 2040 to 2050 was 

selected because it occurs after all planned projects and management actions have been 

implemented but before the time when long-term climate change adjustments to hydrology and 

water deliveries are applied to the projected water budget (2050).  The long-term climate change 

adjustments were not considered as reliable as the near-term adjustments. 

The projected future Sustainable Yield of the Tule Subbasin, which is the 50th percentile of the 

distribution of estimates derived from the uncertainty analysis, is estimated to be approximately 

130,000 acre-ft/yr (see Table 2-4).  The plausible range of Sustainable Yield was selected as the 
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values between the 20th and 80th percentile, resulting in a range of approximately 108,000 to 

162,000 acre-ft/yr (see Figure 2-32).  The projected Sustainable Yield does not include: 

• Water released to the aquifer system from the compression of aquitards, 

• Diverted Tule River water canal losses, recharge in basins, and deep percolation of applied 

water, 

• Diverted Deer Creek water canal losses, recharge in basins, and deep percolation of applied 

water, 

• Imported water canal losses, recharge in basins, and deep percolation of applied water, and 

• Deep percolation of applied recycled water and recycled water recharge in basins. 

Each GSA will determine their allowable groundwater pumping by multiplying that GSA’s 

proportionate areal coverage of the Tule Subbasin times the total Sustainable Yield of the subbasin 

(130,000 acre-ft/yr), as described in the Coordination Agreement.  The estimated consumptive use 

rate that can be sustained under the Subbasin-wide Sustainable Yield is 65,000 acre-ft/yr.  When 

applied across the entire 475,895 acres of the subbasin, this consumptive use rate is approximately 

0.14 acre-ft/acre.  This consumptive use rate incorporates consumptive use from both agriculture 

and municipal demand.  This “sustainable” consumptive use rate does not equal the Sustainable 

Yield on an acre-ft/acre basis because it does not account for irrigation return flow and changes to 

subbasin inflow and outflow caused by changes in pumping stress within the subbasin. It is noted 

that the consumptive use rate of 0.14 acre-ft/acre is for irrigation water only (i.e. does not include 

consumptive use of precipitation) and is the baseline sustainable consumptive use as applied across 

the entire subbasin. Each GSA will individually estimate their total allowable consumptive use as 

the sum of the baseline sustainable consumptive use, available precipitation, and surface water 

supplies.   

As additional data become available and as projects and management plans are implemented, the 

groundwater flow model used to estimate the Sustainable Yield of the Tule Subbasin will be 

updated and the Sustainable Yield may be adjusted to reflect the new data. 

2.3.3. Current Water Budget  §354.18 (c)(1) 

 

The surface water and groundwater budget for the Tule Subbasin in 2017 is shown in Tables 2-2a, 

2-2b, and 2-3.  Total groundwater inflow to the subbasin for water year 2016/17 was approximately 

855,000 acre-ft.  Total groundwater outflow from the subbasin for water year 2016/17 was 

approximately 550,000 acre-ft.  The net change in storage during the water year was approximately 

305,000 acre-ft. 

§ 354.18. (c) Each Plan shall quantify the current, historical, and projected water budget for the basin as follows: 

(1) Current water budget information shall quantify current inflows and outflows for the basin using the 

most recent hydrology, water supply, water demand, and land use information. 
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2.3.4. Historical Water Budget  §354.18 (c)(2) 

 

The historical surface water and groundwater budgets for the Tule Subbasin are shown in Tables 

2-2a, 2-2b, and 2-3 and described in Sections 2.3.1 and 2.3.2. Historical surface water and 

groundwater budgets for each of the six GSAs in the subbasin are provided in: 

• Appendix A - LTRID GSA. 

• Appendix B – ETGSA 

• Appendix C – DEID GSA 

• Appendix D – Pixley GSA 

• Appendix E – Tri-County Water Authority GSA 

• Appendix F – Alpaugh GSA 

Sources of surface water supply to agriculture in the Tule Subbasin include diverted stream flow 

from the Tule River and Deer Creek and imported supplies delivered via the Friant-Kern Canal, 

State Water Project, and other diverted streamflow from streams located outside the subbasin (i.e. 

King’s River).  A comparison of water rights and annual water deliveries for the 10-yr period from 

2007/08 to 2016/17 is provided for the Tule River and Friant-Kern Canal in Table 2-5.  As shown, 

total Tule River water diversions during the 10-yr period are approximately 90 percent of the sum 

of diversion rights over that period.  The primary reason for this is that the 10-yr period from 

2007/08 to 2016/17 was relatively dry with precipitation approximately 69 percent of long-term 

average (see Figure 2-28).  Friant-Kern Canal deliveries to agencies with contracts within the Tule 

Subbasin have also been below the sum of Class I and Class II contract amounts for most of the 

10-yr period.  However, many contractors sell a portion of their available supply from the canal to 

other agencies.  Likewise, some contractors (e.g. Kern-Tulare Water District) purchase additional 

supplies from the canal from other contractors.  Thus, while precipitation trends do effect the 

§ 354.18. (c) (2) Historical water budget information shall be used to evaluate availability or reliability 

of past surface water supply deliveries and aquifer response to water supply and demand trends relative 

to water year type. The historical water budget shall include the following: 

(A) A quantitative evaluation of the availability or reliability of historical surface water supply 

deliveries as a function of the historical planned versus actual annual surface water deliveries, 

by surface water source and water year type, and based on the most recent ten years of surface 

water supply information. 

(B) A quantitative assessment of the historical water budget, starting with the most recently 

available information and extending back a minimum of 10 years, or as is sufficient to calibrate 

and reduce the uncertainty of the tools and methods used to estimate and project future water 

budget information and future aquifer response to proposed sustainable groundwater 

management practices over the planning and implementation horizon. 

(C) A description of how historical conditions concerning hydrology, water demand, and 

surface water supply availability or reliability have impacted the ability of the Agency to operate 

the basin within sustainable yield. Basin hydrology may be characterized and evaluated using 

water year type. 

 



 

Tule Subbasin Setting                                                                                                                     July 2022 

 

45 
 

volume of water available to Friant-Kern Canal contractors (the precipitation amounts during the 

10-yr period from 2007/08 to 2016/17 are below average), it is difficult to compare planned versus 

actual deliveries based on these data. 

The primary surface water supply issue affecting the ability of agencies to operate within the 

Sustainable Yield of the subbasin is reduced delivery capacity in the Friant-Kern Canal due to land 

subsidence.  Land subsidence has lowered the canal elevation in certain areas resulting in a 

reduction in downstream canal delivery capacity.  Reduced deliveries due to land subsidence can 

result in greater groundwater pumping to meet agricultural water demand.  While the reduced 

supply capacity of the Friant-Kern Canal is not the primary reason for the overdraft observed in 

the Tule Subbasin from 1986/87 to 2016/17, it is a contributing factor. 

2.3.5. Projected Water Budget  §354.18 (c)(3) 

A projected water budget for the Tule Subbasin has been developed to incorporate the planned 

projects and management actions of each of the six GSAs for achieving sustainability (see Tables 

2-6 and 2-7).  The projects and management actions were incorporated into the groundwater flow 

model of the Tule Subbasin for the projected time period from 2020 to 2070 in order to assess the 

sustainability of the planned actions, assess the interaction of the planned actions on groundwater 

levels between the GSAs, and estimate the Sustainable Yield of the subbasin.  The model 

projection also incorporated adjustments to the hydrology and water deliveries to account for 

potential climate change.  The final projected water budget is the one that produced the 50th 

percentile Sustainable Yield estimate (see Section 2.3.2.7 herein).  The projected surface water 

and groundwater budgets are shown in Tables 2-8a, 2-8b, and 2-9.  Projected water budgets for 

each of the six GSAs are provided in Appendices A through F. 

Baseline Tule River flows, Friant-Kern Canal deliveries, and the State Water Project’s California 

Aqueduct deliveries used in the future projection for the model were adjusted to account for 

projections of future climate change.  Adjustments were applied based on output from the DWR’s 

CalSim-II model, which provided adjusted historical hydrology for major drainages and imported 

supplies based on scenarios recommended by the DWR Climate Change Technical Advisory 

Group.1  Climate change adjustments to hydrology and surface water deliveries were applied over 

two time periods within the SGMA planning horizon, as defined by California Water Commission 

(2016)2: 

1. A 2030 central tendency time period, which provides near-term projections of potential 

climate change impacts on hydrology, centered on the year 2030, and 

 
1 DWR Climate Change Technical Advisory Group, 2015.  Perspectives and Guidance for Climate Change Analysis.  

DWR Technical Information Record. 

2 California Water Commission, 2016.  Technical Reference – Water Storage Investment Program.  Dated November 

2016. 
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2. A 2070 central tendency time period, which provides long-term projections of potential 

climate change impacts on hydrology, centered on the year 2070. 

For imported water supplies from the Friant-Kern Canal, TH&Co utilized projected delivery 

schedules from the Friant Water Authority (Friant Water Authority, 2018).  The projected water 

deliveries include adjustments to supplies associated with the planned San Joaquin River 

Restoration Project (SJRRP).  Adjustments to Friant-Kern Canal supplies to account for climate 

change and SJRRP were applied beginning in 2025.  The adjustments were applied incrementally 

between 2025 and 2030 such that the full adjustments were in effect in 2030.  TH&Co applied the 

2070 central tendency time period climate-related adjustments to imported water deliveries in the 

Tule Subbasin model projection for the period from 2050 to 2070. 

2.4 Management Areas  §354.20 

 

Of the six GSAs within the Tule Subbasin, five have identified separate management areas within 

their boundaries (see Figure 2-33).  The management areas are as follows: 

 LTRID GSA 

  Agricultural Management Area 

  Municipal Management Area 

  Tulare County MOU Management Area 

  

 ETGSA 

  Porterville Community Management Area 

  Terra Bella Community Management Area 

  Ducor Community Management Area 

  Kern-Tulare Management Area 

  Greater Eastern Tule Management Area 

 DEID GSA 

  Delano-Earlimart Irrigation District Management Area 

  Western Management Area 

Richgrove Community Services District Management Area 

§ 354.20. Management Areas 

(a) Each Agency may define one or more management areas within a basin if the Agency has determined that 

creation of management areas will facilitate implementation of the Plan. Management areas may define different 

minimum thresholds and be operated to different measurable objectives than the basin at large, provided that 

undesirable results are defined consistently throughout the basin. 
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Earlimart Public Utilities District Management Area 

 Pixley GSA 

  Pixley Irrigation District Management Area 

  Pixley Public Utilities District Management Area 

  Teviston Management Area 

 Tri-County Water Authority GSA 

  North Management Area 

  Southeast Management Area 

In addition to the management areas identified for each GSA, a separate ETGSA Land Subsidence 

Monitored Area (ETGSA Monitored Area) has been identified for the eastern portion of the 

subbasin in the vicinity of the Friant-Kern Canal (see Figure 2-36; TH&Co, 2021).  This ETGSA 

Monitored Area was developed based on the extent of historical land subsidence observed along 

the Friant-Kern Canal, including model results of cumulative land subsidence calibrated to 

historical land subsidence rates measured from InSAR satellite data.  The ETGSA Monitored Area 

covers most of the ETGSA. The basis for the eastern and northern boundaries of the ETGSA 

Monitored Area is the limit of land subsidence detected by the 2015 – 2018 InSAR land subsidence 

map.  This area is considered recently active and prone to continued subsidence in the future.  

These boundaries are approximately two to three miles east of the communities of Ducor and Terra 

Bella and approximately one mile north of the Tule River at the FKC.  The western and southern 

boundaries of the ETGSA Monitored Area are the western and southern boundaries of the ETGSA.  

Also, the southeast portion of the Pixley Irrigation District GSA is included in the monitored area 

based on an agreement with the Friant Water Authority and ETGSA.  

It is also noted that a portion of the ETGSA Monitored Area has been set aside as the ETGSA 

Managed Area (see Figure 2-36) where more urgent management actions may be needed to meet 

the land subsidence management goals.  The ETGSA Managed Area was identified based on 

InSAR satellite data and groundwater flow model analysis of land subsidence.  The ETGSA 

Managed Area extends two miles on either side of the Friant-Kern Canal from the Tule River to 

the southern boundary of the ETGSA. Management actions within this area will be separate from, 

and may be different than, planned management actions published in the ETGSA GSP for the 

greater ETGSA.  

2.4.1 Criteria for Management Areas   §354.20 (b)(1) 

 

§ 354.20. (b) A basin that includes one or more management areas shall describe the following in the Plan: 

(1) The reason for the creation of each management area. 
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The majority of the management areas are associated with communities that provide municipal 

water supply.  These communities have been delineated separately because the beneficial use of 

the groundwater produced within the management areas (municipal supply) is different than the 

beneficial use of groundwater across the majority of the subbasin (agriculture).  Other management 

areas were identified for portions of the subbasin with unique hydrogeology and areas where 

access to imported water is different than other portions of the GSA in which they are located. 

Management Areas categorized under the Community Management Area Type have been created 

to specifically address the needs of the Tule Subbasin’s population centers and communities.  

Future projects and management actions focused in these areas will seek to achieve the Tule 

Subbasin sustainability goal and improve access to safe, reliable drinking water supplies.  The 

boundaries for each Community Management Area consider existing County and/or City adopted 

Urban Development Boundaries, as well as the service area boundaries of the public water 

suppliers providing services to residents within these areas. 

In addition to community management areas, LTRID GSA has delineated a management area, the 

Tulare County MOU Management Area, associated with lands outside and to the southwest of the 

LTRID service area that were annexed to the LTRID GSA (see Figure 2-33).  This management 

area was formed because it does not have the same access to surface water deliveries as the LTRID 

service area and, therefore, will require separate management actions than the rest of the GSA. 

ETGSA has delineated a separate management area for the Kern-Tulare Water District (Kern-

Tulare Management Area).  Wells from this area produce groundwater primarily from a deeper 

and separate aquifer system (i.e. Pliocene Marine and Santa Margarita Formation) than other parts 

of the ETGSA.  Groundwater level conditions in wells in this area are different than other areas of 

the ETGSA.  Additionally, the service area of Kern-Tulare Water District is divided between the 

Tule and Kern County Subbasins.  Future projects and management actions in this Management 

Area will focus on enabling Kern-Tulare Water District to achieve the sustainability goals of both 

the Tule and Kern County Subbasins while minimizing the need to alter its operations.  As such, 

Kern-Tulare Water District has developed their own monitoring plan for their service area. 

DEID GSA has delineated a management area, the Western Management Area, associated with 

lands outside and to the west of the DEID service area.  These lands were annexed to the DEID 

GSA.  This Western Management Area was formed because it does not have the same access to 

surface water deliveries from the Friant-Kern Canal as the DEID service area and, therefore, will 

require separate management actions than the rest of the GSA. 

TCWA GSA has delineated two separate management areas, the North and Southeast Management 

Areas.  The North Management Area receives surface water and groundwater on the lands located 

within the Angiola Water District. It is noted that some areas within the North Management Area 

are outside the Angiola Water District but are included in the management area due to their 
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proximity to Angiola Water District.  The Southeast Management area is an undistracted area 

dependent on groundwater. 

2.4.2 Minimum Thresholds and Measurable Objectives  §354.20 (b)(2) 

 

2.4.2.1 Minimum Thresholds 

Minimum thresholds and measurable objectives for each groundwater level and land subsidence 

representative monitoring site in each GSA are shown on the hydrographs and in the tables 

provided in Appendices A through F.  The rational for determining the minimum thresholds and 

measurable objectives are not different by management area within a GSA. 

2.4.3 Monitoring Plan  §354.20 (b)(3) 

 

The Tule Subbasin Technical Advisory Committee has developed a subbasin-wide monitoring 

plan, which describes the monitoring network and monitoring methodologies to be used to collect 

the data to be included in Tule Subbasin GSPs and annual reports.  The subbasin-wide monitoring 

plan is included as Attachment 1 to the Coordination Agreement.  Separate monitoring networks 

have been established for groundwater levels (see Figure 2-34), groundwater quality (see Figure 

2-35), land subsidence (see Figure 2-36) and surface water (see Figure 2-7).  For each monitoring 

network, the monitoring plan describes the monitoring features included in the plan, the monitoring 

procedure to be followed to collect the data, and the monitoring frequency.  The monitoring plan 

also includes an assessment of data gaps and a data management plan. 

A subset of groundwater level monitoring features in the monitoring plan have been identified as 

representative monitoring sites to be relied on for the purpose of assessing progress with respect 

to groundwater level sustainability in the subbasin.  The representative groundwater level 

monitoring sites are shown on Figure 2-34.  At least one representative groundwater level 

monitoring site has been identified within each management area.  Where possible based on 

available wells, representative monitoring sites have been chosen with perforations exclusively in 

either the Upper or Lower Aquifer.  To provide adequate spatial coverage of the subbasin, some 

representative monitoring sites include perforations across multiple aquifers until new monitoring 

features can be constructed.  Representative groundwater level monitoring wells will be equipped 

with pressure transducers to measure groundwater levels on a daily basis. 

§ 354.20. (b) (2) The minimum thresholds and measurable objectives established for each management 

area, and an explanation of the rationale for selecting those values, if different from the basin at large. 

 

§ 354.20. (b) (3) The level of monitoring and analysis appropriate for each management area. 
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A land surface elevation monitoring network has also been established and is shown on Figure 2-

36.  The monitoring network consists of 94 benchmarks installed in 2020 and 2021. Each 

benchmark is a representative monitoring site for land subsidence.  The elevations of the 

benchmarks are surveyed annually.. 

2.4.4 Coordination with Adjacent Areas  §354.20 (b)(4) 

 

The minimum thresholds described in each GSA’s GSP have been informed through an analysis 

of potential future groundwater levels in the subbasin using a numerical groundwater flow model 

that incorporates future planned projects and management actions of each of the GSAs.  The 

minimum thresholds have been developed such that maintenance of groundwater levels above 

those levels should preserve beneficial uses of the groundwater and prevent undesirable results 

with respect to groundwater levels, groundwater storage, and land subsidence within the 

management area, GSA and adjacent areas.  Management of the Tule Subbasin is adaptive.  As 

management actions and projects are implemented throughout the subbasin and as additional data 

are collected through the Tule Subbasin Monitoring Plan, minimum threshold values and 

measurable objectives may change.  Changes to basin management to address undesirable results 

will be conducted through the Tule Subbasin TAC in accordance with the Tule Subbasin 

Coordination Agreement. 

 

  

§ 354.20. (b) (4) An explanation of how the management area can operate under different minimum 

thresholds and measurable objectives without causing undesirable results outside the management area, 

if applicable. 
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Tule Subbasin

Chapter 2

Basin Setting
Table 2-1

Geotracker 

Global ID
Site Type Status Constituent of Concern

60001606 School Active Metals, Pesticides, Petroleum

54360008 State Response or NPL Active Freon 113, Lead, VOCs

54070051 State Response or NPL Active Herbicides, Pesticides, Lead, VOCs

60002076 State Response or NPL Active Cyanide, PAHS, SVOCs

54070296 Voluntary Cleanup Active Pesticides

60001216 Evaluation Active PCE

54070288 Evaluation Inactive - Needs Evaluation Zinc

54280106 Evaluation Inactive - Needs Evaluation Pesticides/Herbicides

T10000010424 Cleanup Program Site Open - Active NA

T0610740454 LUST Cleanup Site Open - Assessment & Interim Remedial Action Gasoline

T0610700023 Cleanup Program Site Open - Assessment & Interim Remedial Action Gasoline, Benzene

T0610700454 LUST Cleanup Site Open - Eligible for Closure Gasoline

T10000010850 LUST Cleanup Site Open - Eligible for Closure
Gasoline, MTBE, TBA, other fuel 

oxygenates

T0610700430 LUST Cleanup Site Open - Eligible for Closure Gasoline

T0610700127 LUST Cleanup Site Open - Eligible for Closure Gasoline

SLT5FS354453 Cleanup Program Site Open - Inactive Nitrate, other Petroleum

SL375384617 Cleanup Program Site Open - Remediation Gasoline, Diesel, other Petroleum

SL205734285 Cleanup Program Site Open - Remediation VOCs

T0610700216 LUST Cleanup Site Open - Remediation Gasoline

T0610700256 LUST Cleanup Site Open - Site Assessment Kerosene

T0610700058 LUST Cleanup Site Open - Site Assessment Gasoline

SLT5FU104564 Cleanup Program Site Open - Site Assessment Pesticides/Herbicides

T0610793749 LUST Cleanup Site Open - Site Assessment Gasoline

Summary of Active Cleanup Sites Within the Tule Subbasin
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Tule Subbasin

Chapter 2

Basin Setting
Table 2-1

Geotracker 

Global ID
Site Type Status Constituent of Concern

Summary of Active Cleanup Sites Within the Tule Subbasin

T0610700064 LUST Cleanup Site Open - Site Assessment Gasoline

T0610700099 LUST Cleanup Site Open - Site Assessment Gasoline

T0610700469 LUST Cleanup Site Open - Verification Monitoring Gasoline

Notes:

LUST  = Leaky underground storage tank

NPL  = National Priorities List

VOCs  = Volatile Organic Compounds

PAHS  = Polynuclear aromatic hydrocarbons

SVOCs  = Semi-Volatile Organics

PCE  = Perchloroethylene

MTBE  = Methyl tert-butyl ether

TBA  = Tertiary Butyl Alcohol

Source  = https://geotracker.waterboards.ca.gov

NA  = Not available
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-2a

A B C D E F G H I J K L M N O P Q

Tule River Deer Creek
White

River

Saucelito

ID

Terra Bella

ID

Kern-Tulare 

WD

Porterville 

ID

Tea Pot 

Dome WD
LTRID Pixley ID

Delano-

Earlimart ID

Angiola

WD

Alpaugh

ID

Atwell Island

WD

Agriculture

Pumping

Municipal

Pumping

1986 - 1987 Below Average 219,000 70,029 8,389 2,496 23,879 13,136 10,899 15,337 5,490 89,541 9,356 114,782 7,278 794 1,109 724,000 13,500 1,329,000

1987 - 1988 Average 315,000 39,842 6,095 1,420 19,666 21,961 12,210 13,067 5,493 64,654 0 110,345 3,530 0 0 768,000 15,100 1,396,000

1988 - 1989 Below Average 254,000 49,667 7,795 1,942 22,426 22,561 11,991 13,106 6,226 63,922 5,289 105,980 6,026 0 0 728,000 15,700 1,315,000

1989 - 1990 Below Average 245,000 29,342 4,706 778 16,166 23,159 11,371 11,520 6,193 24,325 0 83,837 3,847 0 0 838,000 16,300 1,315,000

1990 - 1991 Average 331,000 51,275 7,247 1,362 19,848 18,725 9,762 11,322 5,636 71,430 0 106,877 925 0 0 799,000 16,700 1,451,000

1991 - 1992 Below Average 285,000 34,325 4,080 739 21,336 20,743 11,700 15,569 6,607 51,949 0 92,567 1,611 0 0 817,000 17,000 1,380,000

1992 - 1993 Above Average 462,000 115,640 15,422 3,623 41,261 18,180 12,357 12,310 6,968 321,973 96,890 133,359 3,420 12,219 6,423 496,000 17,200 1,775,000

1993 - 1994 Below Average 293,000 61,313 6,908 1,148 22,064 18,740 14,255 12,895 6,526 71,784 7,793 92,394 3,640 3,605 2,000 791,000 17,600 1,427,000

1994 - 1995 Above Average 610,000 218,480 32,053 10,596 37,477 16,186 11,681 9,455 6,562 229,683 55,365 124,388 8,918 8,263 5,395 574,000 17,600 1,976,000

1995 - 1996 Average 321,000 174,473 23,095 5,957 48,924 21,617 15,415 13,808 7,993 236,845 60,931 144,069 12,551 11,130 5,267 508,000 17,800 1,629,000

1996 - 1997 Above Average 450,000 353,968 58,781 12,920 40,908 20,158 15,736 13,379 7,298 192,934 37,048 153,967 12,383 0 0 567,000 18,700 1,955,000

1997 - 1998 Above Average 728,000 439,125 88,360 36,764 28,221 13,165 11,745 10,159 4,913 101,180 41,823 119,815 7,460 0 0 630,000 17,900 2,279,000

1998 - 1999 Above Average 373,000 108,466 18,410 7,469 37,062 17,567 14,527 16,107 9,218 183,971 34,736 124,051 9,778 0 0 620,000 18,000 1,592,000

1999 - 2000 Average 354,000 102,354 15,230 4,878 39,734 19,200 16,476 15,545 7,191 177,192 40,076 134,272 8,118 0 253 651,000 18,900 1,604,000

2000 - 2001 Below Average 265,000 55,249 7,016 4,695 25,252 19,194 17,550 15,436 6,456 83,405 9,098 117,746 3,824 0 0 719,000 19,100 1,368,000

2001 - 2002 Below Average 252,000 73,206 10,370 6,176 26,131 20,234 15,088 13,628 6,388 78,511 13,588 126,747 2,932 0 0 713,000 20,900 1,379,000

2002 - 2003 Below Average 247,000 125,004 15,678 5,875 33,692 18,356 14,591 14,646 5,844 131,470 32,195 121,277 4,728 104 0 610,000 20,600 1,401,000

2003 - 2004 Below Average 207,000 51,738 6,882 2,350 26,988 20,352 15,755 14,698 6,913 71,472 9,839 127,364 3,434 0 0 656,000 21,700 1,242,000

2004 - 2005 Above Average 395,000 172,558 22,758 6,502 42,840 15,266 13,495 14,748 5,217 247,595 59,211 119,847 11,741 14,490 0 479,000 20,600 1,641,000

2005 - 2006 Above Average 401,000 195,667 23,868 7,588 45,106 21,763 14,507 13,251 6,436 194,019 60,634 121,005 10,909 16,112 0 490,000 21,600 1,643,000

2006 - 2007 Below Average 170,000 38,587 6,901 1,815 16,280 20,797 15,133 9,775 5,489 33,174 7,200 79,111 6,641 0 0 746,000 22,700 1,180,000

2007 - 2008 Below Average 189,000 74,030 8,411 2,355 24,083 18,192 17,689 12,988 6,894 71,872 12,243 106,470 2,165 0 0 637,000 23,000 1,206,000

2008 - 2009 Below Average 203,000 54,737 6,620 1,751 31,282 19,701 15,524 18,000 6,165 113,189 23,620 111,556 191 2,131 0 660,000 22,500 1,290,000

2009 - 2010 Average 325,000 144,778 16,470 5,080 42,855 17,574 14,027 14,335 5,845 200,064 32,972 118,671 3,243 2,671 0 483,000 21,800 1,448,000

2010 - 2011 Above Average 479,000 266,473 44,873 14,997 46,733 16,381 13,405 9,387 6,105 229,763 48,391 127,447 6,476 10,951 0 514,000 21,800 1,856,000

2011 - 2012 Below Average 302,000 87,533 11,311 3,334 19,189 19,757 14,309 9,318 4,680 67,684 5,914 114,108 3,156 943 0 730,000 22,500 1,416,000

2012 - 2013 Below Average 139,000 30,283 4,777 1,145 14,102 20,628 14,955 10,298 4,354 37,073 5,012 87,302 1,492 0 0 790,000 22,700 1,183,000

2013 - 2014 Below Average 99,000 13,171 2,957 535 5,724 12,390 9,986 178 1,030 0 0 38,106 1,048 0 0 900,000 21,900 1,106,000

2014 - 2015 Below Average 142,000 8,820 1,994 253 1,503 12,012 5,438 114 260 0 0 18,591 575 0 0 890,000 19,700 1,101,000

2015 - 2016 Below Average 217,000 74,330 14,559 4,547 20,049 14,357 11,805 13,271 4,627 73,382 3,442 93,806 587 0 0 614,000 19,700 1,179,000

2016 - 2017 Below Average 227,000 352,963 51,145 17,241 51,137 16,089 14,203 21,651 6,694 273,151 82,363 137,773 12,146 2,367 0 429,000 20,100 1,715,000

86/87-16/17 Avg 306,000 118,300 17,800 5,800 28,800 18,300 13,500 12,600 5,900 122,200 25,600 109,900 5,300 2,800 700 664,000 19,400 1,477,000

Tule Subbasin Historical Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation

Stream Inflow Imported Water Discharge from Wells

Total In
Water Year

 Type
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-2b

A B C D E F G H I J K L M N O P Q R S

Success to 

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir

Trenton Weir to 

Homeland Canal

1986 - 1987 Below Average 0 11,600 1,100 8,100 0 2,400 20,700 0 52,500 5,400 0 0 2,600 8,500 0 56,100 200 169,900 5,200

1987 - 1988 Average 4,000 8,000 900 5,800 0 1,300 8,800 0 32,700 5,000 0 0 3,200 5,500 0 48,100 200 183,200 5,400

1988 - 1989 Below Average 0 8,700 0 7,500 0 1,800 7,400 0 20,500 6,200 0 0 3,400 6,100 0 51,800 200 172,100 5,600

1989 - 1990 Below Average 0 5,000 0 4,400 0 700 2,900 0 7,400 3,700 0 0 3,600 2,700 0 36,200 200 199,700 5,700

1990 - 1991 Average 7,000 6,400 300 6,900 0 1,300 6,800 0 24,300 5,200 0 0 3,700 5,900 0 46,900 200 190,300 5,800

1991 - 1992 Below Average 1,000 4,300 0 3,800 0 700 3,100 0 16,100 3,700 0 0 3,800 3,500 0 44,700 200 194,900 5,900

1992 - 1993 Above Average 57,000 18,500 3,000 15,100 0 3,500 27,800 0 184,400 8,200 0 5,600 3,900 16,800 0 118,000 200 111,300 6,000

1993 - 1994 Below Average 2,000 6,100 200 6,600 0 1,100 14,200 0 35,600 5,000 0 700 4,000 8,700 0 51,800 200 187,400 6,100

1994 - 1995 Above Average 144,000 36,400 10,400 21,200 1,000 10,500 39,500 3,800 128,500 7,800 1,800 10,400 3,900 34,600 1,000 88,900 200 130,900 6,100

1995 - 1996 Average 5,000 20,700 4,000 13,700 700 5,800 26,200 2,800 87,600 21,200 700 39,500 3,900 31,800 1,200 119,000 200 115,700 6,200

1996 - 1997 Above Average 50,000 34,600 9,700 45,100 1,800 12,800 47,300 6,900 64,200 25,300 1,900 14,100 4,300 31,400 700 117,300 200 130,700 6,300

1997 - 1998 Above Average 219,000 41,100 9,000 14,900 12,700 36,600 79,100 48,800 54,100 32,000 900 16,200 3,900 41,100 3,100 65,200 200 143,800 6,300

1998 - 1999 Above Average 18,000 14,300 2,800 13,300 600 7,300 19,500 2,500 58,200 17,600 400 19,800 3,900 14,100 300 88,700 200 143,200 6,400

1999 - 2000 Average 12,000 16,900 2,900 10,100 600 4,800 11,100 2,400 64,400 8,900 500 13,000 4,200 15,200 300 93,200 200 152,400 6,500

2000 - 2001 Below Average 0 12,300 0 6,700 0 4,600 7,000 0 28,500 5,000 0 2,700 4,300 7,800 0 61,700 200 169,600 6,600

2001 - 2002 Below Average 0 14,800 700 10,100 0 6,100 13,400 0 24,800 5,800 0 100 4,900 9,000 0 65,200 300 169,100 6,900

2002 - 2003 Below Average 0 19,700 3,700 13,600 100 5,800 22,800 400 53,600 12,200 300 5,000 4,800 11,500 200 65,700 200 123,200 6,900

2003 - 2004 Below Average 0 9,900 300 6,600 0 2,300 7,700 0 19,600 3,900 0 0 5,100 6,200 0 57,800 200 134,000 7,100

2004 - 2005 Above Average 26,000 24,200 4,700 14,400 400 6,400 22,900 1,500 91,200 19,000 2,900 32,000 2,400 15,300 700 89,700 500 92,600 7,100

2005 - 2006 Above Average 28,000 28,100 7,200 14,400 900 7,500 40,500 3,400 78,000 23,300 3,200 26,600 2,000 29,300 400 91,000 700 95,700 7,300

2006 - 2007 Below Average 0 6,200 1,500 6,600 0 1,700 5,100 0 15,500 4,300 0 100 2,000 4,800 0 36,000 700 151,600 7,500

2007 - 2008 Below Average 0 11,700 1,100 8,100 0 2,300 15,900 0 22,100 6,900 0 1,600 2,000 7,800 0 45,500 800 129,700 7,600

2008 - 2009 Below Average 0 9,500 1,400 6,300 0 1,600 7,100 0 43,800 5,200 0 8,100 2,000 7,600 0 57,400 700 135,300 7,600

2009 - 2010 Average 6,000 25,600 4,500 16,100 0 5,000 34,600 0 72,700 14,300 0 29,900 2,000 19,200 0 77,700 600 93,900 7,500

2010 - 2011 Above Average 65,000 37,100 7,500 24,400 1,300 14,800 82,400 5,000 89,500 39,000 9,700 45,700 2,000 30,300 1,400 84,700 600 101,900 7,600

2011 - 2012 Below Average 3,000 13,600 300 11,000 0 3,200 17,800 0 23,100 8,100 0 7,000 2,000 11,900 0 46,200 700 151,300 7,700

2012 - 2013 Below Average 0 4,900 0 4,500 0 1,000 4,400 0 13,000 5,300 0 100 2,000 3,400 0 35,000 700 165,100 7,800

2013 - 2014 Below Average 0 2,300 0 2,700 0 400 0 0 0 3,800 0 0 2,000 1,000 0 13,000 600 183,400 7,700

2014 - 2015 Below Average 0 1,000 0 1,800 0 200 0 0 0 3,600 0 0 2,000 1,100 0 5,600 500 178,800 7,500

2015 - 2016 Below Average 0 16,000 5,500 14,300 0 4,400 11,400 0 28,600 6,600 0 3,700 2,000 5,900 0 35,300 400 123,500 7,600

2016 - 2017 Below Average 0 42,100 15,900 37,000 800 17,100 82,600 3,100 133,700 37,300 3,700 61,000 2,000 41,400 1,400 99,000 500 83,300 7,700

86/87-16/17 Avg 21,000 16,500 3,200 12,100 700 5,600 22,300 2,600 50,600 11,600 800 11,100 3,200 14,200 300 64,300 400 145,400 6,700

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Deer

Creek

Imported

Water

Tule

River

Agricultural 

Pumping

Municipal

Pumping

Recycled

Water

Water Year Tule

River

Tule

River

Deer

Creek

Streambed Infiltration

Areal

Recharge of

Precipitation

Tule River Native Deer Creek

White

River

Recycled

Water

Water Year 

Type

Tule Subbasin Historical Surface Water Budget

Surface Water Outflow (acre-ft)

Canal Loss Recharge in Basins Deep Percolation of Applied Water

Deer

Creek

Imported

Water

Imported

Water
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Chapter 2 - Basin Setting
Table 2-2b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

Stream 

Channel

Stream 

Channel

Agricultural 

Cons. Use

Recharge

in Basins

Agricultural 

Cons. Use

1986 - 1987 Below Average 219,000 24,700 800 0 300 100 183,000 553,900 50 700 4,800 0 0 1,332,000

1987 - 1988 Average 311,000 13,800 400 0 300 100 170,100 584,700 50 900 5,300 0 0 1,399,000

1988 - 1989 Below Average 254,000 17,600 400 0 300 100 185,200 556,200 50 1,000 5,500 0 0 1,312,000

1989 - 1990 Below Average 245,000 8,800 400 0 300 100 136,700 638,100 50 1,000 5,700 0 0 1,308,000

1990 - 1991 Average 324,000 16,800 500 0 300 100 173,300 608,700 50 1,000 5,900 0 0 1,442,000

1991 - 1992 Below Average 284,000 10,800 400 0 300 100 161,300 622,000 50 1,100 6,000 0 0 1,372,000

1992 - 1993 Above Average 406,000 34,900 800 0 400 100 357,500 385,000 50 1,100 6,100 0 0 1,771,000

1993 - 1994 Below Average 291,000 21,100 500 0 300 100 167,600 603,800 50 1,100 6,200 0 0 1,421,000

1994 - 1995 Above Average 466,000 71,600 900 2,900 400 100 285,600 442,700 50 1,100 6,200 25,000 0 1,983,000

1995 - 1996 Average 316,000 62,600 1,000 3,600 400 100 332,300 392,200 50 1,100 6,300 7,000 0 1,629,000

1996 - 1997 Above Average 399,000 57,100 1,000 2,000 400 100 298,200 436,100 50 1,200 6,600 121,000 0 1,927,000

1997 - 1998 Above Average 509,000 98,000 1,000 9,100 400 200 203,000 485,800 50 1,100 6,300 132,000 0 2,274,000

1998 - 1999 Above Average 354,000 37,700 1,000 1,000 400 200 280,600 477,200 50 1,100 6,300 0 0 1,591,000

1999 - 2000 Average 342,000 39,200 700 900 400 100 286,800 498,600 50 1,200 6,600 5,000 0 1,601,000

2000 - 2001 Below Average 264,000 21,900 700 0 300 100 205,000 548,900 50 1,200 6,700 0 0 1,366,000

2001 - 2002 Below Average 252,000 22,600 700 0 300 100 213,200 543,800 50 1,400 7,400 0 0 1,373,000

2002 - 2003 Below Average 247,000 37,500 700 700 400 100 252,500 487,300 50 1,400 7,300 5,000 0 1,390,000

2003 - 2004 Below Average 207,000 18,200 600 0 300 100 219,400 522,200 50 1,500 7,700 1,000 0 1,239,000

2004 - 2005 Above Average 369,000 43,800 800 2,500 400 100 322,200 386,800 50 3,300 7,300 22,000 0 1,612,000

2005 - 2006 Above Average 373,000 58,800 800 1,300 400 100 308,200 394,100 50 4,000 7,600 11,000 0 1,647,000

2006 - 2007 Below Average 170,000 14,200 400 0 300 100 142,000 594,200 50 4,400 8,000 0 0 1,177,000

2007 - 2008 Below Average 189,000 24,300 600 0 300 100 203,400 507,600 50 4,500 8,100 1,000 0 1,202,000

2008 - 2009 Below Average 203,000 22,300 500 0 300 100 233,000 524,600 50 4,200 7,900 0 0 1,290,000

2009 - 2010 Average 320,000 45,400 800 0 400 100 275,700 388,600 50 3,900 7,700 0 0 1,452,000

2010 - 2011 Above Average 414,000 65,300 800 4,700 400 200 295,900 412,300 50 3,800 7,700 8,000 0 1,863,000

2011 - 2012 Below Average 299,000 33,800 600 0 300 100 182,700 578,500 50 4,100 7,900 10,000 0 1,424,000

2012 - 2013 Below Average 139,000 10,300 500 0 300 100 147,100 625,000 50 4,200 8,000 0 0 1,182,000

2013 - 2014 Below Average 99,000 2,400 300 0 300 100 55,500 716,500 50 3,800 7,700 0 0 1,103,000

2014 - 2015 Below Average 142,000 2,300 300 0 200 100 32,900 711,500 50 2,700 7,000 0 0 1,101,000

2015 - 2016 Below Average 217,000 19,400 500 0 300 100 167,700 490,200 50 2,700 7,000 0 0 1,170,000

2016 - 2017 Below Average 227,000 67,100 900 4,800 400 200 323,800 345,900 50 2,800 7,100 71,000 0 1,721,000

86/87-16/17 Avg 286,000 33,000 700 1,100 300 100 219,400 518,200 50 2,200 6,800 14,000 0 1,474,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Precipitation

Crops/Native

Water Year Type

Tule Subbasin Surface Water Budget

Surface Outflow

Surface Water Outflow (acre-ft)

Water Year

Deer Creek Recycled Water

Deer

Creek

Municipal 

(Landscape ET)

Total Out
Ag. Cons. 

Use from 

Pumping

Evapotranspiration

Tule River

Tule River
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Chapter 2 - Basin Setting
Table 2-3

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural

Return Flow

Artificial

Recharge

1986 - 1987 Below Average 0 11,600 1,100 20,700 5,400 8,500 8,100 0 0 0 0 2,400 52,500 0 56,100 169,900 5,200 200 2,600 120,000 113,000 28,000 605,000

1987 - 1988 Average 4,000 8,000 900 8,800 5,000 5,500 5,800 0 0 0 0 1,300 32,700 0 48,100 183,200 5,400 200 3,200 88,000 131,000 29,000 560,000

1988 - 1989 Below Average 0 8,700 0 7,400 6,200 6,100 7,500 0 0 0 0 1,800 20,500 0 51,800 172,100 5,600 200 3,400 71,000 131,000 29,000 522,000

1989 - 1990 Below Average 0 5,000 0 2,900 3,700 2,700 4,400 0 0 0 0 700 7,400 0 36,200 199,700 5,700 200 3,600 132,000 133,000 29,000 566,000

1990 - 1991 Average 7,000 6,400 300 6,800 5,200 5,900 6,900 0 0 0 0 1,300 24,300 0 46,900 190,300 5,800 200 3,700 126,000 144,000 29,000 610,000

1991 - 1992 Below Average 1,000 4,300 0 3,100 3,700 3,500 3,800 0 0 0 0 700 16,100 0 44,700 194,900 5,900 200 3,800 143,000 140,000 30,000 599,000

1992 - 1993 Above Average 57,000 18,500 3,000 27,800 8,200 16,800 15,100 0 0 0 0 3,500 184,400 5,600 118,000 111,300 6,000 200 3,900 44,000 93,000 30,000 746,000

1993 - 1994 Below Average 2,000 6,100 200 14,200 5,000 8,700 6,600 0 0 0 0 1,100 35,600 700 51,800 187,400 6,100 200 4,000 85,000 123,000 30,000 568,000

1994 - 1995 Above Average 144,000 36,400 10,400 39,500 7,800 34,600 21,200 1,000 3,800 1,800 1,000 10,500 128,500 10,400 88,900 130,900 6,100 200 3,900 33,000 101,000 30,000 845,000

1995 - 1996 Average 5,000 20,700 4,000 26,200 21,200 31,800 13,700 700 2,800 700 1,200 5,800 87,600 39,500 119,000 115,700 6,200 200 3,900 19,000 95,000 27,000 647,000

1996 - 1997 Above Average 50,000 34,600 9,700 47,300 25,300 31,400 45,100 1,800 6,900 1,900 700 12,800 64,200 14,100 117,300 130,700 6,300 200 4,300 19,000 111,000 28,000 763,000

1997 - 1998 Above Average 219,000 41,100 9,000 79,100 32,000 41,100 14,900 12,700 48,800 900 3,100 36,600 54,100 16,200 65,200 143,800 6,300 200 3,900 17,000 126,000 30,000 1,001,000

1998 - 1999 Above Average 18,000 14,300 2,800 19,500 17,600 14,100 13,300 600 2,500 400 300 7,300 58,200 19,800 88,700 143,200 6,400 200 3,900 18,000 122,000 30,000 601,000

1999 - 2000 Average 12,000 16,900 2,900 11,100 8,900 15,200 10,100 600 2,400 500 300 4,800 64,400 13,000 93,200 152,400 6,500 200 4,200 20,000 131,000 30,000 601,000

2000 - 2001 Below Average 0 12,300 0 7,000 5,000 7,800 6,700 0 0 0 0 4,600 28,500 2,700 61,700 169,600 6,600 200 4,300 42,000 142,000 30,000 531,000

2001 - 2002 Below Average 0 14,800 700 13,400 5,800 9,000 10,100 0 0 0 0 6,100 24,800 100 65,200 169,100 6,900 300 4,900 59,000 135,000 30,000 555,000

2002 - 2003 Below Average 0 19,700 3,700 22,800 12,200 11,500 13,600 100 400 300 200 5,800 53,600 5,000 65,700 123,200 6,900 200 4,800 42,000 123,000 29,000 544,000

2003 - 2004 Below Average 0 9,900 300 7,700 3,900 6,200 6,600 0 0 0 0 2,300 19,600 0 57,800 134,000 7,100 200 5,100 70,000 127,000 29,000 487,000

2004 - 2005 Above Average 26,000 24,200 4,700 22,900 19,000 15,300 14,400 400 1,500 2,900 700 6,400 91,200 32,000 89,700 92,600 7,100 500 2,400 26,000 96,000 29,000 605,000

2005 - 2006 Above Average 28,000 28,100 7,200 40,500 23,300 29,300 14,400 900 3,400 3,200 400 7,500 78,000 26,600 91,000 95,700 7,300 700 2,000 16,000 97,000 29,000 630,000

2006 - 2007 Below Average 0 6,200 1,500 5,100 4,300 4,800 6,600 0 0 0 0 1,700 15,500 100 36,000 151,600 7,500 700 2,000 78,000 125,000 29,000 476,000

2007 - 2008 Below Average 0 11,700 1,100 15,900 6,900 7,800 8,100 0 0 0 0 2,300 22,100 1,600 45,500 129,700 7,600 800 2,000 96,000 113,000 30,000 502,000

2008 - 2009 Below Average 0 9,500 1,400 7,100 5,200 7,600 6,300 0 0 0 0 1,600 43,800 8,100 57,400 135,300 7,600 700 2,000 125,000 108,000 30,000 557,000

2009 - 2010 Average 6,000 25,600 4,500 34,600 14,300 19,200 16,100 0 0 0 0 5,000 72,700 29,900 77,700 93,900 7,500 600 2,000 70,000 83,000 29,000 592,000

2010 - 2011 Above Average 65,000 37,100 7,500 82,400 39,000 30,300 24,400 1,300 5,000 9,700 1,400 14,800 89,500 45,700 84,700 101,900 7,600 600 2,000 34,000 93,000 29,000 806,000

2011 - 2012 Below Average 3,000 13,600 300 17,800 8,100 11,900 11,000 0 0 0 0 3,200 23,100 7,000 46,200 151,300 7,700 700 2,000 86,000 123,000 29,000 545,000

2012 - 2013 Below Average 0 4,900 0 4,400 5,300 3,400 4,500 0 0 0 0 1,000 13,000 100 35,000 165,100 7,800 700 2,000 145,000 130,000 29,000 551,000

2013 - 2014 Below Average 0 2,300 0 0 3,800 1,000 2,700 0 0 0 0 400 0 0 13,000 183,400 7,700 600 2,000 186,000 132,000 30,000 565,000

2014 - 2015 Below Average 0 1,000 0 0 3,600 1,100 1,800 0 0 0 0 200 0 0 5,600 178,800 7,500 500 2,000 189,000 124,000 30,000 545,000

2015 - 2016 Below Average 0 16,000 5,500 11,400 6,600 5,900 14,300 0 0 0 0 4,400 28,600 3,700 35,300 123,500 7,600 400 2,000 140,000 112,000 30,000 547,000

2016 - 2017 Below Average 0 42,100 15,900 82,600 37,300 41,400 37,000 800 3,100 3,700 1,400 17,100 133,700 61,000 99,000 83,300 7,700 500 2,000 61,000 95,000 29,000 855,000

86/87-16/17 Avg 21,000 16,500 3,200 22,300 11,600 14,200 12,100 700 2,600 800 300 5,600 50,600 11,100 64,300 145,400 6,700 400 3,200 77,000 118,000 29,000 617,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Tule Subbasin Historical Groundwater Budget

Water Year

Before

Trenton

Weir 

Infiltration

White

River 

Infiltration

Total In

Agricultural

Pumping

Return Flow

Release of 

Water

from 

Compression

of Aquitards

Sub-

surface

Inflow

Imported Water Deliveries

Return

Flow

Areal

Recharge

from

Precipitation

Canal

Loss

Recharge

in Basins

Return

Flow

Municipal Pumping

Return

Flow

Recycled Water

Water Year Type Recharge

in Basins

Return

Flow

Recharge

in Basins

Tule River Infiltration Deer Creek Infiltration

Success to

Oettle Bridge

Infiltration

Oettle Bridge to 

Turnbull Weir

Infiltration

Canal

Loss

Trenton Weir

to Homeland

Canal 

Infiltration

Canal

Loss

Groundwater Inflows (acre-ft)

Mountain-

Block 

Recharge
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-3

W X Y Z AA

1986 - 1987 Below Average 13,500 724,000 6,550 0 61,000 805,000 -200,000

1987 - 1988 Average 15,100 768,000 34,180 0 53,000 870,000 -310,000

1988 - 1989 Below Average 15,700 728,000 38,290 0 51,000 833,000 -311,000

1989 - 1990 Below Average 16,300 838,000 50,430 0 53,000 958,000 -392,000

1990 - 1991 Average 16,700 799,000 46,300 0 61,000 923,000 -313,000

1991 - 1992 Below Average 17,000 817,000 41,250 0 52,000 927,000 -328,000

1992 - 1993 Above Average 17,200 496,000 14,550 0 73,000 601,000 145,000

1993 - 1994 Below Average 17,600 791,000 11,220 0 59,000 879,000 -311,000

1994 - 1995 Above Average 17,600 574,000 1,320 0 61,000 654,000 191,000

1995 - 1996 Average 17,800 508,000 0 0 65,000 591,000 56,000

1996 - 1997 Above Average 18,700 567,000 0 0 65,000 651,000 112,000

1997 - 1998 Above Average 17,900 630,000 0 0 62,000 710,000 291,000

1998 - 1999 Above Average 18,000 620,000 0 0 62,000 700,000 -99,000

1999 - 2000 Average 18,900 651,000 7,720 0 60,000 738,000 -137,000

2000 - 2001 Below Average 19,100 719,000 30,600 0 60,000 829,000 -298,000

2001 - 2002 Below Average 20,900 713,000 44,520 0 58,000 836,000 -281,000

2002 - 2003 Below Average 20,600 610,000 33,660 0 55,000 719,000 -175,000

2003 - 2004 Below Average 21,700 656,000 37,790 0 55,000 770,000 -283,000

2004 - 2005 Above Average 20,600 479,000 11,720 0 66,000 577,000 28,000

2005 - 2006 Above Average 21,600 490,000 150 0 64,000 576,000 54,000

2006 - 2007 Below Average 22,700 746,000 49,500 0 54,000 872,000 -396,000

2007 - 2008 Below Average 23,000 637,000 50,090 0 68,000 778,000 -276,000

2008 - 2009 Below Average 22,500 660,000 48,860 550 78,000 810,000 -253,000

2009 - 2010 Average 21,800 483,000 28,530 70 92,000 625,000 -33,000

2010 - 2011 Above Average 21,800 514,000 8,060 0 86,000 630,000 176,000

2011 - 2012 Below Average 22,500 730,000 43,570 3,860 76,000 876,000 -331,000

2012 - 2013 Below Average 22,700 790,000 63,640 5,990 68,000 950,000 -399,000

2013 - 2014 Below Average 21,900 900,000 58,030 5,590 69,000 1,055,000 -490,000

2014 - 2015 Below Average 19,700 890,000 53,270 1,150 64,000 1,028,000 -483,000

2015 - 2016 Below Average 19,700 614,000 50,000 70 70,000 754,000 -207,000

2016 - 2017 Below Average 20,100 429,000 11,330 0 90,000 550,000 305,000

19,400 664,000 28,200 600 65,000 777,000 -160,000

Cummulative Change in Storage  -4,948,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Tule Subbasin Groundwater Budget

Change in 

Storage

(acre-ft)

Water Year

Sub-

surface 

Outflow

Total Out
Municipal

Groundwater Pumping

Irrigated

Agriculture
Exports

Water Year Type
Groundwater 

Banking 

Extraction

Groundwater Outflows (acre-ft)
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Chapter 2 - Basin Setting
Table 2-4

A B C D E F G H I J

K

Success to

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir Infiltration

Trenton Weir to 

Homeland Canal 

Infiltration

2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 51,000 32,000 90,000 127,700

2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 88,000 131,700

40/41-49/50 Avg 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 89,000 129,700

Projected Future Tule Subbasin Sustainable Yield

Groundwater Outflow

(acre-ft)

Sub-surface Outflow
Irrigated

Agriculture
Municipal

Sustainable Yield

Groundwater Inflows (acre-ft)

Areal

Recharge

from

Precipitation

White

River

Sub-

surface

Inflow

Mountain-

Block 

Recharge

Tule River

Streambed Infiltration

Water Year
Deer Creek

Return Flow
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Table 2-5

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

2007 - 2008 Below Average 57,100 41,974 74% 54,300 24,083 44% 29,000 18,192 63% 5,000 17,689 354%

2008 - 2009 Below Average 57,100 32,290 57% 54,300 31,282 58% 29,000 19,701 68% 5,000 15,524 310%

2009 - 2010 Average 57,100 60,570 106% 54,300 42,855 79% 29,000 17,574 61% 5,000 14,027 281%

2010 - 2011 Above Average 57,100 106,619 187% 54,300 46,733 86% 29,000 16,381 56% 5,000 13,405 268%

2011 - 2012 Below Average 57,100 66,992 117% 54,300 19,189 35% 29,000 19,757 68% 5,000 14,309 286%

2012 - 2013 Below Average 57,100 23,406 41% 54,300 14,102 26% 29,000 20,628 71% 5,000 14,955 299%

2013 - 2014 Below Average 57,100 9,747 17% 54,300 5,724 11% 29,000 12,390 43% 5,000 9,986 200%

2014 - 2015 Below Average 57,100 6,417 11% 54,300 1,503 3% 29,000 12,012 41% 5,000 5,438 109%

2015 - 2016 Below Average 57,100 36,752 64% 54,300 20,049 37% 29,000 14,357 50% 5,000 11,805 236%

2016 - 2017 Below Average 57,100 128,361 225% 54,300 51,137 94% 29,000 16,089 55% 5,000 14,203 284%

Total: 571,000 513,128 90% 543,000 256,657 47% 290,000 167,081 58% 50,000 131,341 263%

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

Contract 

Amount
1

Total 

Delivered
2

Percent of 

Contract 

(%)

2007 - 2008 Below Average 299,200 71,872 24% 183,300 106,470 58% 45,000 12,988 29% 7,200 6,894 96%

2008 - 2009 Below Average 299,200 113,189 38% 183,300 111,556 61% 45,000 18,000 40% 7,200 6,165 86%

2009 - 2010 Average 299,200 200,064 67% 183,300 118,671 65% 45,000 14,335 32% 7,200 5,845 81%

2010 - 2011 Above Average 299,200 229,763 77% 183,300 127,447 70% 45,000 9,387 21% 7,200 6,105 85%

2011 - 2012 Below Average 299,200 67,684 23% 183,300 114,108 62% 45,000 9,318 21% 7,200 4,680 65%

2012 - 2013 Below Average 299,200 37,073 12% 183,300 87,302 48% 45,000 10,298 23% 7,200 4,354 60%

2013 - 2014 Below Average 299,200 0 0% 183,300 38,106 21% 45,000 178 0% 7,200 1,030 14%

2014 - 2015 Below Average 299,200 0 0% 183,300 18,591 10% 45,000 114 0% 7,200 260 4%

2015 - 2016 Below Average 299,200 73,382 25% 183,300 93,806 51% 45,000 13,271 29% 7,200 4,627 64%

2016 - 2017 Below Average 299,200 273,151 91% 183,300 137,773 75% 45,000 21,651 48% 7,200 6,694 93%

Total: 2,992,000 1,066,178 36% 1,833,000 953,830 52% 450,000 109,540 24% 72,000 46,654 65%

Notes:
1
Sum of Class 1 and Class 2 Fraint-Kern Canal Contract Amount 

2
Total delivered water may include 16B water and water purchased from other Friant-Kern Canal contractors.

  Likewise, delivered water may not reflect available supplies as contractors periodically sell water under their contract.

2007/08 - 2016/17

Total 

Delivered

LTRID Delano- Earlimart ID

Percent of 

Diversion 

Right (%)

Friant-Kern Canal

Historical Planned versus Actual Water Deliveries

Water 

Year

Water Year 

Type 

Friant-Kern Canal

Terra Bella  ID Kern-Tulare WD

Tule River

Saucelito  IDWater 

Year

Water Year 

Type 
Total 

Diversion 

Right

Tea Pot Dome WDPorterville ID

July 2022



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-6

No. Lead Entity Project Name Description Timeframe Annual Volume Water Source Confidence

1 City of Porterville Population Increase Increase GW Production 2.5%/yr 2020-2040 9,500 af/yr by 2040 N/A High

2 City of Porterville Recycling Increase Increase RW Applied to Ag 2.5%/yr 2020-2040 1,900 af/yr by 2040 Recycled Water High

3 City of Porterville Recycling Increase Increase RW Recharge 2.5%/yr 2020-2040 1,600 af/yr by 2040 Recycled Water High

4 City of Porterville Tule River Recharge Recharge Project Starting 2019/20 900 af/yr Tule River High

5 City of Porterville FKC Recharge Recharge Project Starting 2020/21 1,100 af/yr FKC via Porterville ID High

6 Porterville ID SA 1 & 2 Expand distribution system Starting 2018/19 3,200 af/yr Tule River and FKC High

7 Porterville ID Falconer Bank Develop water bank Starting 2020/21 3,300 af/yr of leave-behind FKC and others High

8 Porterville ID Recharge Policy On-Farm recharge Starting 2019/20 3,000 af/yr Tule River and FKC High

9 Saucelito ID Conway Bank Develop water bank Starting 2020/21 1,100 af/yr of leave-behind FKC and others High

10 Saucelito ID Recharge Policy On-Farm recharge Starting 2019/20 2,000 af/yr FKC High

11 Kern-Tulare WD In-District Pricing Pricing change Starting 2020/21 2,600 af/yr N/A High

12 Kern-Tulare WD Reservoir Storage Surface water storage Starting 2029/30 500 af/yr FKC and others Medium

13 Kern-Tulare WD CRC Pipeline Deliver produced water Starting 2024/25 680 af/yr CRC Produced water High

14 Terra Bella ID Deer Creek Recharge Divert and recharge DC Starting 2017/18 800 af/yr Deer Creek High

15 PWC, VWD, & CMDC SREP Success Dam Enlargement Starting 2024/25 400 af/yr Tule River High

16 Hope WD In-District Recharge Recharge Project Starting 2022/23 5,000 af/yr every 3 years FKC and others / unknown Medium

17 Ducor ID In-District Recharge Pipeline and Recharge Project Starting 2023/24 4,000 af/yr FKC and others / unknown High

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Creighton Ranch Unknown Unknown Not applicable N/A

2 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A

3 SREP Starting 2024/25 2,600 af/yr Tule River N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

N/A No planned projects N/A N/A N/A N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Deep Pumping Reduction Start in 2019/20, completed in 2023/24 24,000 af/yr Not applicable High

2 Duck Club Project 2019/20 5,400 af every 7 years Unknown High

3 Liberty Project Start in 2019/20, completed in 2022/23 5,000 af/yr FID, FKC, KR, TR, KW, SWP High

4 Recharge Scenario Unknown 1,200 to 1,800 af/yr Unknown N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Water Capture Starting in 2022/23 1,100 af 2.5x per yr every 2 yrs Deer Creek N/A

2 Cropping Changes Starting 2019/20 Not applicable Not applicable N/A

Description

Deer Creek flood capture

Install drip irrigation on 1,900 acres

Description

Replace deep pumping with 24 new shallow wells

Duck Club water transferred to farms

Participation in the Liberty Project surface water storage

Confidential. Capture and recharge flood water

Alpaugh GSA

Summary of Projects Exclusive of Transitional Pumping

LTRID GSA

Pixley GSA

DEID GSA

Description

Tri-County GSA

Eastern Tule GSA

N/A

Description

Continue FKC transfers to Pixley ID

Groundwater exports

Description

Continue FKC transfers from LTRID

Success Dam Enlargement

July 2022
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Chapter 2 - Basin Setting
Table 2-6

Summary of Projects Exclusive of Transitional Pumping
Notes:

N/A= Not Available VMD = Vandalia Water District

af/yr =  acre-foot per year CMDC = Campbell Moreland Ditch Company

ID = Irrigation District SREP = Success Reservoir Enlargement Project

GW = Groundwater WD = Water District

RW = Recycled water MA = Management Area

Ag = Agricultural FID = Fresno Irrigation District (Fresno Slough)

DC = Deer Creek KR = Kaweah River

FKC = Friant-Kern Canal TR = Tule River

SA = Service Area KW = Kaweah River

CRC = California Resources Corporation SWP = State Water Project

PWC = Pioneer Water Company

July 2022
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Table 2-7 

Eastern Tule GSA LTRID GSA Pixley ID GSA
DEID-District 

Area

DEID White 

Lands Area
Tri-Co GSA Alpaugh GSA

2020-2025 90% of over-pumping
1 2.0 af/ac Over

Cons. Use Target

Fallow 5,000 acres;

Remaining no change

100% of over-

pumping

100% of over-

pumping

2025-2030 80% of over-pumping
1.5 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 1.5 af/ac Over

Cons. Use Target
2

2030-2035 30% of over-pumping
1.0 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 1.0 af/ac Over

Cons. Use Target

50% of overpumping

2035-2040
0.5 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 0.5 af/ac Over

Cons. Use Target

20% of overpumping

2040+ Sustainable Sustainable Sustainable

Notes:
1
Over-pumping means pumping in excess of the consumptive use target

2
Over consumptive use target means over pumping 

Reduce cropped area by 880 

acres; 80% of overpumping

Reduce pumping

10,000 af/yr

Sustainable

Planned Transitional Pumping by GSA

Sustainable Sustainable

Linear Transitional 

Pumping No Change/

Sustainable

July 2022
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Table 2-8a

A B C D E F G H I J K L M N O P Q R S T U

Tule River Deer Creek
White

River

Saucelito

ID

Terra Bella

ID

Kern-Tulare 

WD

Porterville 

ID

Tea Pot 

Dome WD

City of 

Porterville
Hope WD Ducor ID LTRID Pixley ID

Delano-

Earlimart ID

Angiola

WD

Alpaugh

ID

Atwell Island

WD
Private

Agriculture

Pumping

Municipal

Pumping

2017 - 2018 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 549,000 21,700 1,430,000

2018 - 2019 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 548,000 23,400 1,431,000

2019 - 2020 306,000 131,258 19,410 6,347 34,567 18,786 15,335 23,103 6,528 0 0 0 143,186 31,763 116,902 7,961 3,680 0 0 529,000 25,000 1,419,000

2020 - 2021 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 9,211 3,680 0 0 526,000 25,400 1,422,000

2021 - 2022 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 10,461 3,680 0 0 524,000 25,700 1,422,000

2022 - 2023 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 0 143,186 31,763 116,902 13,590 3,680 0 0 523,000 26,100 1,426,000

2023 - 2024 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 4,000 143,186 31,763 116,902 18,926 3,680 0 0 522,000 26,500 1,435,000

2024 - 2025 306,000 134,258 19,410 6,347 34,893 20,304 18,229 24,339 6,594 1,100 1,667 4,000 135,513 31,763 117,661 24,261 3,680 0 1,500 494,000 26,900 1,412,000

2025 - 2026 306,000 134,258 19,410 6,347 34,118 21,823 17,843 25,575 6,661 1,100 1,667 4,000 127,841 31,763 118,420 29,597 4,813 0 1,500 487,000 27,400 1,407,000

2026 - 2027 306,000 134,258 19,410 6,347 33,343 23,341 17,458 26,812 6,727 1,100 1,667 4,000 120,168 31,763 119,180 34,933 4,751 0 1,500 481,000 27,800 1,402,000

2027 - 2028 306,000 134,258 19,410 6,347 32,568 24,860 17,072 28,048 6,793 1,100 1,667 4,000 112,496 31,763 119,939 40,268 4,689 0 1,500 474,000 28,200 1,395,000

2028 - 2029 306,000 134,258 19,410 6,347 31,794 26,378 16,687 29,285 6,860 1,100 1,667 4,000 104,823 31,763 120,698 43,725 4,627 0 1,500 468,000 28,700 1,388,000

2029 - 2030 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 4,565 0 1,500 412,000 29,200 1,328,000

2030 - 2031 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 413,000 29,600 1,331,000

2031 - 2032 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 410,000 30,100 1,328,000

2032 - 2033 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 407,000 30,600 1,326,000

2033 - 2034 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 405,000 31,100 1,324,000

2034 - 2035 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 345,000 31,700 1,265,000

2035 - 2036 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,200 1,266,000

2036 - 2037 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,800 1,266,000

2037 - 2038 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,300 1,267,000

2038 - 2039 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,900 1,267,000

2039 - 2040 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 303,000 34,500 1,227,000

2040 - 2041 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2041 - 2042 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2042 - 2043 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2043 - 2044 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2044 - 2045 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2045 - 2046 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2046 - 2047 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2047 - 2048 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2048 - 2049 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2049 - 2050 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2050 - 2051 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2051 - 2052 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2052 - 2053 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2053 - 2054 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2054 - 2055 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2055 - 2056 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2056 - 2057 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2057 - 2058 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2058 - 2059 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2059 - 2060 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2060 - 2061 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2061 - 2062 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2062 - 2063 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2063 - 2064 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2064 - 2065 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2065 - 2066 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2066 - 2067 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2067 - 2068 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2068 - 2069 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 45,214 7,793 0 1,500 297,000 34,500 1,191,000

2069 - 2070 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 24,476 7,793 0 1,500 297,000 34,500 1,170,000

17/18-69/70 Avg 306,000 132,500 19,200 6,300 31,200 25,700 17,800 28,300 6,700 1,000 1,500 3,500 100,500 31,800 117,100 37,800 6,600 0 1,300 361,000 32,000 1,268,000

Projected Future Tule Subbasin Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation

Stream Inflow Discharge from WellsImported Water

Total In

1 of 1 July 2022



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-8b

A B C D E F G H I J K L M N O P Q R S

Success to 

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir

Trenton Weir to 

Homeland Canal

2017 - 2018 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 600 110,400 7,900

2018 - 2019 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 700 110,300 8,100

2019 - 2020 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 19,200 2,500 15,500 800 68,100 400 106,600 8,300

2020 - 2021 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,700 400 106,000 8,300

2021 - 2022 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,900 400 105,700 8,400

2022 - 2023 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 23,000 2,700 15,500 800 69,100 500 105,400 8,400

2023 - 2024 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 27,000 2,800 15,500 800 69,100 500 105,300 8,500

2024 - 2025 21,000 17,900 3,900 11,600 600 6,200 18,200 2,100 62,400 13,700 1,300 27,900 2,800 15,800 800 69,600 500 100,200 8,500

2025 - 2026 21,000 17,900 3,900 11,600 600 6,200 18,400 2,100 59,600 13,700 1,300 27,300 2,900 15,800 1,100 70,200 500 98,900 8,600

2026 - 2027 21,000 17,900 3,900 11,600 600 6,200 18,700 2,100 56,800 13,700 1,300 26,700 3,000 15,800 1,100 70,500 500 98,000 8,600

2027 - 2028 21,000 17,900 3,900 11,600 600 6,200 19,000 2,100 53,900 13,700 1,300 26,100 3,100 15,800 1,100 70,900 500 97,000 8,700

2028 - 2029 21,000 17,900 3,900 11,600 600 6,200 19,300 2,100 51,100 13,700 1,300 25,500 3,100 15,800 1,100 71,300 500 96,000 8,700

2029 - 2030 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,200 15,500 1,100 71,800 500 86,900 8,800

2030 - 2031 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,300 15,500 1,100 72,100 600 86,900 8,800

2031 - 2032 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,400 15,500 1,100 72,100 600 86,400 8,900

2032 - 2033 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,900 8,900

2033 - 2034 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,400 9,000

2034 - 2035 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,600 15,500 1,100 72,100 600 74,000 9,100

2035 - 2036 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,700 15,500 1,100 72,400 600 73,700 9,100

2036 - 2037 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,800 15,500 1,100 72,400 700 73,700 9,200

2037 - 2038 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,900 15,500 1,100 72,400 700 73,700 9,300

2038 - 2039 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,000 15,500 1,100 72,400 700 73,700 9,300

2039 - 2040 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,400 700 64,300 9,400

2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2050 - 2051 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2051 - 2052 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2052 - 2053 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2053 - 2054 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2054 - 2055 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2055 - 2056 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2056 - 2057 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2057 - 2058 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2058 - 2059 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2059 - 2060 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2060 - 2061 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2061 - 2062 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2062 - 2063 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2063 - 2064 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2064 - 2065 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2065 - 2066 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2066 - 2067 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2067 - 2068 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2068 - 2069 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2069 - 2070 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

17/18-69/70 Avg 21,000 17,700 3,900 11,500 600 6,100 19,000 2,100 49,500 13,200 1,300 24,100 3,700 15,500 1,100 70,200 600 75,300 9,100
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Projected Future Tule Subbasin Surface Water Budget
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-8b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

Stream 

Channel

Stream 

Channel

Agricultural 

Cons. Use

Recharge

in Basins

Agricultural 

Cons. Use

2017 - 2018 285,000 47,400 700 2,900 300 100 250,700 438,600 50 3,500 7,700 15,000 0 1,431,000

2018 - 2019 285,000 47,400 700 2,900 300 100 250,700 437,800 50 4,300 8,200 8,000 0 1,425,000

2019 - 2020 285,000 47,400 700 2,900 300 100 254,400 420,400 50 2,600 11,200 8,000 0 1,414,000

2020 - 2021 285,000 47,400 700 2,900 300 100 257,400 417,300 50 2,600 11,400 8,000 0 1,417,000

2021 - 2022 285,000 47,400 700 2,900 300 100 258,200 416,100 50 2,700 11,600 8,000 0 1,417,000

2022 - 2023 285,000 47,400 700 2,900 300 100 259,000 414,900 50 2,800 11,800 8,000 0 1,418,000

2023 - 2024 285,000 47,400 700 2,900 300 100 259,000 414,500 50 2,800 12,000 8,000 0 1,422,000

2024 - 2025 285,000 48,500 700 2,900 300 100 262,700 392,000 50 2,900 12,200 8,000 0 1,400,000

2025 - 2026 285,000 48,500 700 3,800 300 100 266,800 385,800 50 3,000 12,400 8,000 0 1,396,000

2026 - 2027 285,000 48,500 700 3,800 300 100 269,800 380,300 50 3,000 12,600 8,000 0 1,390,000

2027 - 2028 285,000 48,500 700 3,800 300 100 272,900 374,800 50 3,100 12,800 7,000 0 1,383,000

2028 - 2029 285,000 48,600 700 3,800 300 100 276,000 369,300 50 3,200 13,100 7,000 0 1,378,000

2029 - 2030 285,000 47,400 700 3,800 300 100 280,300 322,400 50 3,300 13,300 7,000 0 1,322,000

2030 - 2031 285,000 47,400 700 3,800 300 100 281,200 323,200 50 3,400 13,600 7,000 0 1,325,000

2031 - 2032 285,000 47,400 700 3,800 300 100 281,200 321,100 50 3,400 13,800 7,000 0 1,323,000

2032 - 2033 285,000 47,400 700 3,800 300 100 281,200 319,000 50 3,500 14,100 7,000 0 1,321,000

2033 - 2034 285,000 47,400 700 3,800 300 100 281,200 316,900 50 3,600 14,300 7,000 0 1,318,000

2034 - 2035 285,000 47,400 700 3,800 300 100 281,200 268,900 50 3,700 14,600 7,000 0 1,260,000

2035 - 2036 285,000 47,400 700 3,800 300 100 282,200 267,800 50 3,800 14,900 7,000 0 1,260,000

2036 - 2037 285,000 47,400 700 3,800 300 100 282,200 267,700 50 3,900 15,200 7,000 0 1,261,000

2037 - 2038 285,000 47,400 700 3,800 300 100 282,200 267,600 50 4,000 15,500 7,000 0 1,261,000

2038 - 2039 285,000 47,400 700 3,800 300 100 282,200 267,500 50 4,100 15,800 7,000 0 1,261,000

2039 - 2040 285,000 47,400 700 3,800 300 100 282,200 236,000 50 4,200 16,100 7,000 0 1,221,000

2040 - 2041 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2041 - 2042 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2042 - 2043 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2043 - 2044 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2044 - 2045 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2045 - 2046 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2046 - 2047 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2047 - 2048 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2048 - 2049 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2049 - 2050 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2050 - 2051 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2051 - 2052 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2052 - 2053 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2053 - 2054 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2054 - 2055 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2055 - 2056 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2056 - 2057 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2057 - 2058 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2058 - 2059 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2059 - 2060 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2060 - 2061 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2061 - 2062 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2062 - 2063 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2063 - 2064 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2064 - 2065 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2065 - 2066 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2066 - 2067 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2067 - 2068 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2068 - 2069 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2069 - 2070 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

86/87-16/17 Avg 285,000 46,900 700 3,600 300 100 270,800 283,800 50 3,800 14,700 7,000 0 1,262,000

Projected Future Tule Subbasin Surface Water Budget
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-9

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural

Return Flow

Artificial

Recharge

2017 - 2018 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,400 7,900 600 2,000 52,000 73,000 33,000 537,000

2018 - 2019 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,300 8,100 700 2,000 56,000 71,000 33,000 539,000

2019 - 2020 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 19,200 68,100 106,600 8,300 400 2,500 58,000 68,000 33,000 540,000

2020 - 2021 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,700 106,000 8,300 400 2,600 60,000 64,000 33,000 541,000

2021 - 2022 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,900 105,700 8,400 400 2,600 62,000 60,000 33,000 539,000

2022 - 2023 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 23,000 69,100 105,400 8,400 500 2,700 64,000 57,000 33,000 539,000

2023 - 2024 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 27,000 69,100 105,300 8,500 500 2,800 66,000 55,000 33,000 543,000

2024 - 2025 21,000 17,900 3,900 18,200 13,700 15,800 11,600 600 2,100 1,300 800 6,200 62,400 27,900 69,600 100,200 8,500 500 2,800 61,000 51,000 33,000 530,000

2025 - 2026 21,000 17,900 3,900 18,400 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 59,600 27,300 70,200 98,900 8,600 500 2,900 59,000 50,000 33,000 524,000

2026 - 2027 21,000 17,900 3,900 18,700 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 56,800 26,700 70,500 98,000 8,600 500 3,000 59,000 50,000 33,000 520,000

2027 - 2028 21,000 17,900 3,900 19,000 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 53,900 26,100 70,900 97,000 8,700 500 3,100 59,000 50,000 33,000 516,000

2028 - 2029 21,000 17,900 3,900 19,300 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 51,100 25,500 71,300 96,000 8,700 500 3,100 59,000 51,000 33,000 514,000

2029 - 2030 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 71,800 86,900 8,800 500 3,200 52,000 51,000 33,000 495,000

2030 - 2031 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,900 8,800 600 3,300 50,000 50,000 33,000 492,000

2031 - 2032 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,400 8,900 600 3,400 49,000 51,000 33,000 492,000

2032 - 2033 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,900 8,900 600 3,500 48,000 51,000 33,000 490,000

2033 - 2034 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,400 9,000 600 3,500 47,000 51,000 33,000 489,000

2034 - 2035 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 74,000 9,100 600 3,600 38,000 50,000 33,000 468,000

2035 - 2036 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,100 600 3,700 35,000 50,000 33,000 465,000

2036 - 2037 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,200 700 3,800 34,000 50,000 32,000 463,000

2037 - 2038 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 3,900 33,000 51,000 32,000 463,000

2038 - 2039 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 4,000 32,000 53,000 32,000 465,000

2039 - 2040 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 64,300 9,400 700 4,100 23,000 51,000 32,000 444,000

2040 - 2041 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 21,000 51,000 32,000 442,000

2041 - 2042 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 20,000 52,000 32,000 442,000

2042 - 2043 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000

2043 - 2044 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000

2044 - 2045 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 18,000 52,000 32,000 440,000

2045 - 2046 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000

2046 - 2047 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000

2047 - 2048 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2048 - 2049 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2049 - 2050 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2050 - 2051 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 31,000 423,000

2051 - 2052 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 32,000 424,000

2052 - 2053 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 53,000 31,000 424,000

2053 - 2054 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000

2054 - 2055 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000

2055 - 2056 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 32,000 424,000

2056 - 2057 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2057 - 2058 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2058 - 2059 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2059 - 2060 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 54,000 31,000 423,000

2060 - 2061 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2061 - 2062 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2062 - 2063 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2063 - 2064 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2064 - 2065 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2065 - 2066 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2066 - 2067 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2067 - 2068 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 55,000 31,000 422,000

2068 - 2069 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000

2069 - 2070 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000

17/18-69/70 Avg 21,000 17,700 3,900 19,000 13,200 15,500 11,500 600 2,100 1,300 1,100 6,100 49,500 24,100 70,200 75,300 9,100 600 3,700 30,000 54,000 32,000 462,000
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-9

W X Y Z AA

2017 - 2018 21,700 549,000 22,920 2,200 83,000 679,000 -142,000

2018 - 2019 23,400 548,000 22,920 2,200 82,000 679,000 -140,000

2019 - 2020 25,000 529,000 22,920 2,200 83,000 662,000 -122,000

2020 - 2021 25,400 526,000 22,920 2,200 83,000 660,000 -119,000

2021 - 2022 25,700 524,000 22,920 2,200 84,000 659,000 -120,000

2022 - 2023 26,100 523,000 22,920 2,200 85,000 659,000 -120,000

2023 - 2024 26,500 522,000 22,920 2,200 85,000 659,000 -116,000

2024 - 2025 26,900 494,000 22,920 2,200 86,000 632,000 -102,000

2025 - 2026 27,400 487,000 20,010 2,200 90,000 627,000 -103,000

2026 - 2027 27,800 481,000 20,010 2,200 92,000 623,000 -103,000

2027 - 2028 28,200 474,000 20,010 2,200 94,000 618,000 -102,000

2028 - 2029 28,700 468,000 20,010 2,200 96,000 615,000 -101,000

2029 - 2030 29,200 412,000 20,010 2,200 94,000 557,000 -62,000

2030 - 2031 29,600 413,000 17,100 2,200 95,000 557,000 -65,000

2031 - 2032 30,100 410,000 17,100 2,200 94,000 553,000 -61,000

2032 - 2033 30,600 407,000 17,100 2,200 93,000 550,000 -60,000

2033 - 2034 31,100 405,000 17,100 2,200 92,000 547,000 -58,000

2034 - 2035 31,700 345,000 17,100 2,200 93,000 489,000 -21,000

2035 - 2036 32,200 344,000 14,190 2,200 93,000 486,000 -21,000

2036 - 2037 32,800 344,000 14,190 2,200 91,000 484,000 -21,000

2037 - 2038 33,300 344,000 14,190 2,200 89,000 483,000 -20,000

2038 - 2039 33,900 344,000 14,190 2,200 88,000 482,000 -17,000

2039 - 2040 34,500 303,000 11,280 2,200 90,000 441,000 3,000

2040 - 2041 34,500 302,000 11,280 2,200 90,000 440,000 2,000

2041 - 2042 34,500 302,000 11,280 2,200 90,000 440,000 2,000

2042 - 2043 34,500 302,000 11,280 2,200 90,000 440,000 1,000

2043 - 2044 34,500 302,000 11,280 2,200 90,000 440,000 1,000

2044 - 2045 34,500 302,000 11,280 2,200 90,000 440,000 0

2045 - 2046 34,500 302,000 11,280 2,200 89,000 439,000 1,000

2046 - 2047 34,500 302,000 11,280 2,200 89,000 439,000 1,000

2047 - 2048 34,500 302,000 11,280 2,200 89,000 439,000 0

2048 - 2049 34,500 302,000 11,280 2,200 89,000 439,000 0

2049 - 2050 34,500 302,000 11,280 2,200 88,000 438,000 1,000

2050 - 2051 34,500 297,000 11,280 2,200 88,000 433,000 -10,000

2051 - 2052 34,500 297,000 11,280 2,200 88,000 433,000 -9,000

2052 - 2053 34,500 297,000 11,280 2,200 87,000 432,000 -8,000

2053 - 2054 34,500 297,000 11,280 2,200 87,000 432,000 -9,000

2054 - 2055 34,500 297,000 11,280 2,200 87,000 432,000 -9,000

2055 - 2056 34,500 297,000 11,280 2,200 87,000 432,000 -8,000

2056 - 2057 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2057 - 2058 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2058 - 2059 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2059 - 2060 34,500 297,000 11,280 2,200 86,000 431,000 -8,000

2060 - 2061 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2061 - 2062 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2062 - 2063 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2063 - 2064 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2064 - 2065 34,500 297,000 11,280 2,200 85,000 430,000 -9,000

2065 - 2066 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2066 - 2067 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2067 - 2068 34,500 297,000 11,280 2,200 84,000 429,000 -7,000

2068 - 2069 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2069 - 2070 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

17/18-69/70 Avg 32,000 361,000 14,600 2,200 88,000 498,000 -36,000
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The Soil Agricultural Groundwater Banking Index (SAGBI)
is a suitability index for groundwater recharge on

agricultural land.  It is based on five factors: deep percolation, 
root zone residence time, topography,

chemical limitations, and soil surface condition.

Source: SAGBI | Soil Agricultural Groundwater Banking Index 
interactive map. 

https://casoilresource.lawr.ucdavis.edu/sagbi/
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Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community
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Figure 2-22

Note:

ft bgs = feet below ground surface.
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Figure 2-23

Note: Data in water years (October 1 to September 30).

Change in Groundwater Storage (acre-ft) from 1986/87 to 2016/17
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Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community
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Figure 2-28

Notes:

Data in water years (October 1 to September 30).

Data from Western Regional Climate Center (1926-2001), California Irrigation Management Information System (2002-2016).

Annual Precipitation - Porterville Station
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Figure 2-29

Deer Creek versus White River Monthly Streamflow

1971 - 2005
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Figure 2-30

Applied Water to Irrigated Agriculture by Source
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Figure 2-32

*Realizations with a storage change of -5,000 af/yr or greater
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Table 1a

Stream Inflow

Tule River LTRID Agricultural Municipal

1986 - 1987 46,000 40,421 89,541 224,000 1,400 401,000

1987 - 1988 66,000 14,702 64,654 261,000 1,400 408,000

1988 - 1989 53,000 22,873 63,922 224,000 1,400 365,000

1989 - 1990 51,000 7,103 24,325 276,000 1,400 360,000

1990 - 1991 69,000 22,727 71,430 253,000 1,400 418,000

1991 - 1992 60,000 9,869 51,949 277,000 1,400 400,000

1992 - 1993 97,000 57,632 321,973 94,000 1,400 572,000

1993 - 1994 61,000 31,263 71,784 246,000 1,400 411,000

1994 - 1995 128,000 142,879 229,683 129,000 1,400 631,000

1995 - 1996 67,000 105,949 236,845 107,000 1,400 518,000

1996 - 1997 94,000 250,253 192,934 116,000 1,400 655,000

1997 - 1998 152,000 286,694 101,180 135,000 1,400 676,000

1998 - 1999 78,000 70,954 183,971 127,000 1,400 461,000

1999 - 2000 74,000 64,026 177,192 158,000 1,400 475,000

2000 - 2001 55,000 27,525 83,405 196,000 1,400 363,000

2001 - 2002 53,000 32,853 78,511 207,000 1,500 373,000

2002 - 2003 52,000 77,642 131,470 143,000 1,500 406,000

2003 - 2004 43,000 24,494 71,472 204,000 1,600 345,000

2004 - 2005 83,000 91,549 247,595 96,000 1,600 520,000

2005 - 2006 84,000 129,184 194,019 93,000 1,700 502,000

2006 - 2007 35,000 19,981 33,174 231,000 1,800 321,000

2007 - 2008 39,000 42,745 71,872 183,000 1,800 338,000

2008 - 2009 42,000 29,196 113,189 200,000 1,900 386,000

2009 - 2010 68,000 82,489 200,064 74,000 1,800 426,000

2010 - 2011 100,000 191,791 229,763 116,000 1,900 639,000

2011 - 2012 63,000 58,763 67,684 228,000 1,900 419,000

2012 - 2013 29,000 14,374 37,073 255,000 1,800 337,000

2013 - 2014 21,000 0 0 280,000 1,800 303,000

2014 - 2015 30,000 0 0 243,000 1,800 275,000

2015 - 2016 45,000 35,381 73,382 152,000 1,800 308,000

2016 - 2017 47,000 187,807 273,151 82,000 1,900 592,000

86/87-16/17 Avg 64,000 70,100 122,200 181,000 1,600 439,000

Total In

Lower Tule River Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells

Page 1 of 1 July 2022
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Table 1b

Streambed Infiltration Surface Outflow

Tule River Imported Water

Oettle Bridge to 

Turnbull Weir 

Infiltration

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

1986 - 1987 0 1,100 20,700 44,200 0 0 5,200 12,700 62,800 900 46,000 13,400 400 32,600 161,000 500 0 402,000

1987 - 1988 0 900 8,800 32,700 0 0 1,400 9,000 73,200 900 66,000 3,600 100 23,000 187,000 500 0 407,000

1988 - 1989 0 0 7,400 18,800 0 0 4,400 12,700 62,900 900 53,000 11,200 100 32,400 161,000 500 0 365,000

1989 - 1990 0 0 2,900 7,400 0 0 1,200 4,700 77,600 900 51,000 3,000 0 12,100 199,000 500 0 360,000

1990 - 1991 0 300 6,800 24,300 0 0 4,400 13,200 71,200 900 69,000 11,200 200 33,900 182,000 500 0 418,000

1991 - 1992 0 0 3,100 16,100 0 0 1,900 10,100 77,800 900 60,000 4,900 100 25,800 199,000 500 0 400,000

1992 - 1993 9,000 3,000 27,800 141,000 0 0 7,900 53,300 26,500 900 88,000 18,900 400 127,600 68,000 500 0 573,000

1993 - 1994 0 200 14,200 27,800 0 0 4,700 12,400 69,200 900 61,000 12,100 200 31,600 177,000 500 0 412,000

1994 - 1995 28,000 10,400 39,500 108,800 0 0 19,300 34,400 36,100 900 100,000 48,500 500 86,500 92,000 500 25,000 630,000

1995 - 1996 0 4,000 26,200 69,600 13,400 33,800 15,800 37,700 30,000 900 67,000 40,000 600 95,600 77,000 500 7,000 519,000

1996 - 1997 7,000 9,700 47,300 51,200 19,900 7,000 16,700 43,000 32,700 900 87,000 35,600 600 91,700 84,000 500 121,000 656,000

1997 - 1998 44,000 9,000 79,100 39,200 28,000 10,800 29,100 14,400 37,900 900 109,000 74,400 600 36,800 97,000 500 95,000 706,000

1998 - 1999 1,000 2,800 19,500 45,800 11,400 15,800 10,500 34,400 35,800 900 77,000 26,800 600 88,100 92,000 500 0 463,000

1999 - 2000 0 2,900 11,100 51,300 3,400 8,000 12,000 32,900 44,400 900 74,000 30,700 300 84,300 113,000 500 5,000 475,000

2000 - 2001 0 0 7,000 25,900 200 2,000 5,700 15,600 55,100 900 55,000 14,600 300 39,900 141,000 500 0 364,000

2001 - 2002 0 700 13,400 20,800 0 0 5,300 16,200 58,100 1,000 53,000 13,500 300 41,500 149,000 500 0 373,000

2002 - 2003 0 3,700 22,800 42,700 5,900 3,300 9,700 20,600 34,500 1,000 52,000 30,500 300 64,800 108,000 500 5,000 405,000

2003 - 2004 0 300 7,700 16,600 0 0 3,800 13,100 48,500 1,000 43,000 12,100 200 41,800 155,000 600 1,000 345,000

2004 - 2005 2,000 4,700 22,900 76,200 11,800 23,500 9,400 33,000 23,000 1,100 80,000 30,000 400 105,500 73,000 600 22,000 519,000

2005 - 2006 3,000 7,200 40,500 62,500 16,500 17,000 13,800 29,500 22,200 1,100 81,000 39,900 400 85,000 71,000 600 11,000 502,000

2006 - 2007 0 1,500 5,100 12,700 0 0 3,200 4,900 55,100 1,100 35,000 10,200 100 15,600 176,000 600 0 321,000

2007 - 2008 0 1,100 15,900 18,200 900 600 5,700 12,600 43,500 1,200 39,000 18,300 300 40,400 139,000 600 1,000 338,000

2008 - 2009 0 1,400 7,100 36,400 400 4,300 4,900 17,500 47,600 1,200 42,000 15,600 100 56,000 152,000 700 0 387,000

2009 - 2010 0 4,500 34,600 61,600 5,800 15,100 10,200 33,500 17,500 1,200 68,000 27,400 400 89,800 56,000 600 0 426,000

2010 - 2011 11,000 7,500 82,400 80,300 31,800 27,700 15,500 30,400 27,500 1,200 89,000 46,600 400 91,300 88,000 700 8,000 639,000

2011 - 2012 0 300 17,800 21,200 1,500 4,200 10,100 10,900 54,300 1,200 63,000 29,100 200 31,400 174,000 700 0 420,000

2012 - 2013 0 0 4,400 11,400 0 0 2,400 6,100 60,800 1,100 29,000 7,600 200 19,600 195,000 600 0 338,000

2013 - 2014 0 0 0 0 0 0 0 0 66,700 1,200 21,000 0 0 0 213,000 600 0 303,000

2014 - 2015 0 0 0 0 0 0 0 0 57,900 1,200 30,000 0 0 0 185,000 600 0 275,000

2015 - 2016 0 5,500 11,400 27,400 800 0 4,200 11,000 36,200 1,200 45,000 13,500 200 35,100 116,000 600 0 308,000

2016 - 2017 0 15,900 82,600 113,100 28,400 34,000 14,500 30,400 19,500 1,200 47,000 46,400 500 95,600 62,000 700 71,000 663,000

86/87-16/17 Avg 3,000 3,200 22,300 42,100 5,800 6,700 8,200 19,700 47,300 1,000 61,000 22,200 300 53,400 134,000 600 12,000 443,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Deep Percolation of Applied Water Evapotranspiration

Tule

River

Tule

River

Ag. Cons. 

Use from 

Pumping

Tule River
Areal

Recharge

of 

Precipitation

Canal Loss Recharge in Basins

Lower Tule River Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Total OutPrecipitation

Crops/Native

Tule

River

Tule

River

Agricultural

Pumping

Municipal

Pumping

Imported

Water

Imported

Water

Imported

Water

Water Year
Municipal

(Landscape 

ET)
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Table 2

Return

Flow

Return

Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To 

Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 1,100 20,700 0 5,200 44,200 0 12,700 62,800 900 27,000 76,000 39,000 290,000 1,400 224,000 0 16,000 115,000 356,000 -66,000

1987 - 1988 0 900 8,800 0 1,400 32,700 0 9,000 73,200 900 26,000 90,000 38,000 281,000 1,400 261,000 15,940 16,000 108,000 402,000 -121,000

1988 - 1989 0 0 7,400 0 4,400 18,800 0 12,700 62,900 900 13,000 90,000 37,000 247,000 1,400 224,000 26,160 16,000 107,000 375,000 -128,000

1989 - 1990 0 0 2,900 0 1,200 7,400 0 4,700 77,600 900 38,000 87,000 39,000 259,000 1,400 276,000 26,590 16,000 97,000 417,000 -158,000

1990 - 1991 0 300 6,800 0 4,400 24,300 0 13,200 71,200 900 42,000 95,000 38,000 296,000 1,400 253,000 28,190 17,000 104,000 404,000 -108,000

1991 - 1992 0 0 3,100 0 1,900 16,100 0 10,100 77,800 900 53,000 97,000 38,000 298,000 1,400 277,000 17,420 17,000 101,000 414,000 -116,000

1992 - 1993 9,000 3,000 27,800 0 7,900 141,000 0 53,300 26,500 900 15,000 62,000 30,000 376,000 1,400 94,000 7,940 28,000 127,000 258,000 118,000

1993 - 1994 0 200 14,200 0 4,700 27,800 0 12,400 69,200 900 24,000 79,000 33,000 265,000 1,400 246,000 0 24,000 107,000 378,000 -113,000

1994 - 1995 28,000 10,400 39,500 0 19,300 108,800 0 34,400 36,100 900 9,000 62,000 33,000 381,000 1,400 129,000 0 26,000 123,000 279,000 102,000

1995 - 1996 0 4,000 26,200 13,400 15,800 69,600 33,800 37,700 30,000 900 2,000 53,000 30,000 316,000 1,400 107,000 0 30,000 126,000 264,000 52,000

1996 - 1997 7,000 9,700 47,300 19,900 16,700 51,200 7,000 43,000 32,700 900 1,000 60,000 31,000 327,000 1,400 116,000 0 28,000 132,000 277,000 50,000

1997 - 1998 44,000 9,000 79,100 28,000 29,100 39,200 10,800 14,400 37,900 900 0 72,000 32,000 396,000 1,400 135,000 0 26,000 134,000 296,000 100,000

1998 - 1999 1,000 2,800 19,500 11,400 10,500 45,800 15,800 34,400 35,800 900 2,000 73,000 30,000 283,000 1,400 127,000 0 28,000 139,000 295,000 -12,000

1999 - 2000 0 2,900 11,100 3,400 12,000 51,300 8,000 32,900 44,400 900 2,000 80,000 30,000 279,000 1,400 158,000 2,820 26,000 129,000 317,000 -38,000

2000 - 2001 0 0 7,000 200 5,700 25,900 2,000 15,600 55,100 900 6,000 94,000 31,000 243,000 1,400 196,000 17,290 22,000 119,000 356,000 -113,000

2001 - 2002 0 700 13,400 0 5,300 20,800 0 16,200 58,100 1,000 15,000 89,000 32,000 252,000 1,500 207,000 25,590 20,000 110,000 364,000 -112,000

2002 - 2003 0 3,700 22,800 5,900 9,700 42,700 3,300 20,600 34,500 1,000 10,000 75,000 29,000 258,000 1,500 143,000 20,610 22,000 117,000 304,000 -46,000

2003 - 2004 0 300 7,700 0 3,800 16,600 0 13,100 48,500 1,000 27,000 78,000 31,000 227,000 1,600 204,000 17,440 20,000 95,000 338,000 -111,000

2004 - 2005 2,000 4,700 22,900 11,800 9,400 76,200 23,500 33,000 23,000 1,100 9,000 56,000 27,000 300,000 1,600 96,000 7,720 26,000 107,000 238,000 62,000

2005 - 2006 3,000 7,200 40,500 16,500 13,800 62,500 17,000 29,500 22,200 1,100 2,000 53,000 27,000 295,000 1,700 93,000 0 29,000 115,000 239,000 56,000

2006 - 2007 0 1,500 5,100 0 3,200 12,700 0 4,900 55,100 1,100 24,000 71,000 30,000 209,000 1,800 231,000 27,930 22,000 85,000 368,000 -159,000

2007 - 2008 0 1,100 15,900 900 5,700 18,200 600 12,600 43,500 1,200 36,000 74,000 29,000 239,000 1,800 183,000 26,140 23,000 93,000 327,000 -88,000

2008 - 2009 0 1,400 7,100 400 4,900 36,400 4,300 17,500 47,600 1,200 47,000 74,000 31,000 273,000 1,900 200,000 21,470 24,000 96,000 343,000 -70,000

2009 - 2010 0 4,500 34,600 5,800 10,200 61,600 15,100 33,500 17,500 1,200 18,000 48,000 27,000 277,000 1,800 74,000 10,770 30,000 122,000 239,000 38,000

2010 - 2011 11,000 7,500 82,400 31,800 15,500 80,300 27,700 30,400 27,500 1,200 6,000 55,000 28,000 404,000 1,900 116,000 3,880 31,000 125,000 278,000 126,000

2011 - 2012 0 300 17,800 1,500 10,100 21,200 4,200 10,900 54,300 1,200 22,000 79,000 31,000 254,000 1,900 228,000 21,600 24,000 109,000 385,000 -131,000

2012 - 2013 0 0 4,400 0 2,400 11,400 0 6,100 60,800 1,100 53,000 88,000 33,000 260,000 1,800 255,000 39,910 25,000 88,000 410,000 -150,000

2013 - 2014 0 0 0 0 0 0 0 0 66,700 1,200 71,000 91,000 32,000 262,000 1,800 280,000 37,120 25,000 81,000 425,000 -163,000

2014 - 2015 0 0 0 0 0 0 0 0 57,900 1,200 74,000 83,000 31,000 247,000 1,800 243,000 33,170 24,000 84,000 386,000 -139,000

2015 - 2016 0 5,500 11,400 800 4,200 27,400 0 11,000 36,200 1,200 53,000 70,000 27,000 248,000 1,800 152,000 28,300 27,000 90,000 299,000 -51,000

2016 - 2017 0 15,900 82,600 28,400 14,500 113,100 34,000 30,400 19,500 1,200 16,000 55,000 24,000 435,000 1,900 82,000 6,810 33,000 112,000 236,000 199,000

86/87-16/17 Avg 3,000 3,200 22,300 5,800 8,200 42,100 6,700 19,700 47,300 1,000 24,000 74,000 32,000 289,000 1,600 181,000 15,200 24,000 110,000 332,000 -43,000

Cumulative Change in Storage  -1,290,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Total In

Groundwater PumpingSub-surface

Inflow

Sub-surface

Outflow

Lower Tule River Irrigation District GSA

Historical Groundwater Budget 1986/87 to 2016/17
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Tule Subbasin
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Appendix A
Table 3a

Stream Inflow

Tule River LTRID Agricultural Municipal

2017 - 2018 65,000 79,995 143,186 149,000 1,900 439,000

2018 - 2019 65,000 79,995 143,186 149,000 1,900 439,000

2019 - 2020 65,000 79,995 143,186 149,000 1,900 439,000

2020 - 2021 65,000 79,995 143,186 149,000 1,900 439,000

2021 - 2022 65,000 79,995 143,186 149,000 1,900 439,000

2022 - 2023 65,000 79,995 143,186 149,000 1,900 439,000

2023 - 2024 65,000 79,995 143,186 149,000 1,900 439,000

2024 - 2025 65,000 82,595 135,513 151,000 1,900 436,000

2025 - 2026 65,000 82,595 127,841 155,000 1,900 432,000

2026 - 2027 65,000 82,595 120,168 159,000 1,900 429,000

2027 - 2028 65,000 82,595 112,496 164,000 1,900 426,000

2028 - 2029 65,000 82,595 104,823 168,000 1,900 422,000

2029 - 2030 65,000 81,976 97,151 172,000 1,900 418,000

2030 - 2031 65,000 81,976 97,151 172,000 1,900 418,000

2031 - 2032 65,000 81,976 97,151 172,000 1,900 418,000

2032 - 2033 65,000 81,976 97,151 172,000 1,900 418,000

2033 - 2034 65,000 81,976 97,151 172,000 1,900 418,000

2034 - 2035 65,000 81,976 97,151 171,000 1,900 417,000

2035 - 2036 65,000 81,976 97,151 171,000 1,900 417,000

2036 - 2037 65,000 81,976 97,151 171,000 1,900 417,000

2037 - 2038 65,000 81,976 97,151 171,000 1,900 417,000

2038 - 2039 65,000 81,976 97,151 171,000 1,900 417,000

2039 - 2040 65,000 81,976 97,151 152,000 1,900 398,000

2040 - 2041 65,000 81,976 97,151 152,000 1,900 398,000

2041 - 2042 65,000 81,976 97,151 152,000 1,900 398,000

2042 - 2043 65,000 81,976 97,151 152,000 1,900 398,000

2043 - 2044 65,000 81,976 97,151 152,000 1,900 398,000

2044 - 2045 65,000 81,976 97,151 152,000 1,900 398,000

2045 - 2046 65,000 81,976 97,151 152,000 1,900 398,000

2046 - 2047 65,000 81,976 97,151 152,000 1,900 398,000

2047 - 2048 65,000 81,976 97,151 152,000 1,900 398,000

2048 - 2049 65,000 81,976 97,151 152,000 1,900 398,000

2049 - 2050 65,000 81,976 97,151 152,000 1,900 398,000

2050 - 2051 65,000 79,772 84,084 141,000 1,900 372,000

2051 - 2052 65,000 79,772 84,084 141,000 1,900 372,000

2052 - 2053 65,000 79,772 84,084 141,000 1,900 372,000

2053 - 2054 65,000 79,772 84,084 141,000 1,900 372,000

2054 - 2055 65,000 79,772 84,084 141,000 1,900 372,000

2055 - 2056 65,000 79,772 84,084 141,000 1,900 372,000

2056 - 2057 65,000 79,772 84,084 141,000 1,900 372,000

2057 - 2058 65,000 79,772 84,084 141,000 1,900 372,000

2058 - 2059 65,000 79,772 84,084 141,000 1,900 372,000

2059 - 2060 65,000 79,772 84,084 141,000 1,900 372,000

2060 - 2061 65,000 79,772 84,084 141,000 1,900 372,000

2061 - 2062 65,000 79,772 84,084 141,000 1,900 372,000

2062 - 2063 65,000 79,772 84,084 141,000 1,900 372,000

2063 - 2064 65,000 79,772 84,084 141,000 1,900 372,000

2064 - 2065 65,000 79,772 84,084 141,000 1,900 372,000

2065 - 2066 65,000 79,772 84,084 141,000 1,900 372,000

2066 - 2067 65,000 79,772 84,084 141,000 1,900 372,000

2067 - 2068 65,000 79,772 84,084 141,000 1,900 372,000

2068 - 2069 65,000 79,772 84,084 141,000 1,900 372,000

2069 - 2070 65,000 79,772 84,084 141,000 1,900 372,000

17/18-69/70 Avg 65,000 80,900 100,500 152,000 1,900 400,000

Total In

Projected Future Lower Tule River Irrigation District GSA Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells
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Streambed Infiltration Surface Outflow

Tule River Imported Water

Oettle Bridge to 

Turnbull Weir 

Infiltration

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

2017 - 2018 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 15,000 444,000

2018 - 2019 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2019 - 2020 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2020 - 2021 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2021 - 2022 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2022 - 2023 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2023 - 2024 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000

2024 - 2025 3,000 3,900 18,200 49,600 6,600 10,800 11,200 18,400 35,900 1,200 61,000 34,600 300 56,700 115,000 700 8,000 435,000

2025 - 2026 3,000 3,900 18,400 46,800 6,600 10,200 11,200 17,300 36,900 1,200 61,000 34,600 300 53,500 118,000 700 8,000 432,000

2026 - 2027 3,000 3,900 18,700 44,000 6,600 9,600 11,200 16,300 37,900 1,200 61,000 34,600 300 50,300 121,000 700 8,000 428,000

2027 - 2028 3,000 3,900 19,000 41,200 6,600 8,900 11,200 15,300 38,900 1,200 61,000 34,500 300 47,000 125,000 700 7,000 425,000

2028 - 2029 3,000 3,900 19,300 38,400 6,600 8,300 11,200 14,300 40,000 1,200 61,000 34,500 300 43,800 128,000 700 7,000 422,000

2029 - 2030 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000

2030 - 2031 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000

2031 - 2032 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000

2032 - 2033 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000

2033 - 2034 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000

2034 - 2035 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000

2035 - 2036 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000

2036 - 2037 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000

2037 - 2038 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000

2038 - 2039 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000

2039 - 2040 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2040 - 2041 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2041 - 2042 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2042 - 2043 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2043 - 2044 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2044 - 2045 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2045 - 2046 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2046 - 2047 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2047 - 2048 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2048 - 2049 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2049 - 2050 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000

2050 - 2051 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2051 - 2052 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2052 - 2053 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2053 - 2054 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2054 - 2055 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2055 - 2056 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2056 - 2057 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2057 - 2058 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2058 - 2059 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2059 - 2060 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2060 - 2061 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2061 - 2062 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2062 - 2063 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2063 - 2064 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2064 - 2065 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2065 - 2066 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2066 - 2067 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2067 - 2068 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2068 - 2069 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

2069 - 2070 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

17/18-69/70 Avg 3,000 3,900 19,000 36,800 6,400 8,000 11,000 13,700 36,100 1,200 61,000 33,800 300 42,000 116,000 700 6,900 400,000

Deep Percolation of Applied Water Evapotranspiration

Tule

River

Tule

River

Ag. Cons. 

Use from 

Pumping

Tule River
Areal

Recharge

of 

Precipitation

Canal Loss Recharge in Basins

Projected Future Lower Tule River Irrigation District GSA Surface Water Budget

Surface Water Outflow (acre-ft)

Total OutPrecipitation

Crops/Native

Tule

River

Tule

River

Agricultural

Pumping

Municipal

Pumping

Imported

Water

Imported

Water

Imported

Water

Water Year
Municipal

(Landscape 

ET)

Page 1 of 1 July 2022



Tule Subbasin
Chapter 2 - Basin Setting

Appendix A
Table 4

Return

Flow

Return

Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To 

Outside 

Subbasin

To Other 

GSAs

2017 - 2018 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 10,000 44,000 42,000 257,000 1,900 149,000 11,640 41,000 98,000 302,000 -45,000

2018 - 2019 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 12,000 43,000 43,000 259,000 1,900 149,000 11,640 41,000 96,000 300,000 -41,000

2019 - 2020 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 14,000 41,000 44,000 260,000 1,900 149,000 11,640 41,000 93,000 297,000 -37,000

2020 - 2021 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 16,000 39,000 44,000 260,000 1,900 149,000 11,640 41,000 92,000 296,000 -36,000

2021 - 2022 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 17,000 37,000 45,000 260,000 1,900 149,000 11,640 41,000 91,000 295,000 -35,000

2022 - 2023 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 18,000 35,000 45,000 259,000 1,900 149,000 11,640 42,000 90,000 295,000 -36,000

2023 - 2024 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 19,000 33,000 46,000 259,000 1,900 149,000 11,640 42,000 89,000 294,000 -35,000

2024 - 2025 3,000 3,900 18,200 6,600 11,200 49,600 10,800 18,400 35,900 1,200 20,000 32,000 46,000 257,000 1,900 151,000 11,640 43,000 85,000 293,000 -36,000

2025 - 2026 3,000 3,900 18,400 6,600 11,200 46,800 10,200 17,300 36,900 1,200 20,000 31,000 47,000 254,000 1,900 155,000 8,730 43,000 83,000 292,000 -38,000

2026 - 2027 3,000 3,900 18,700 6,600 11,200 44,000 9,600 16,300 37,900 1,200 22,000 31,000 48,000 253,000 1,900 159,000 8,730 43,000 80,000 293,000 -40,000

2027 - 2028 3,000 3,900 19,000 6,600 11,200 41,200 8,900 15,300 38,900 1,200 23,000 31,000 48,000 251,000 1,900 164,000 8,730 43,000 78,000 296,000 -45,000

2028 - 2029 3,000 3,900 19,300 6,600 11,200 38,400 8,300 14,300 40,000 1,200 24,000 32,000 49,000 251,000 1,900 168,000 8,730 42,000 75,000 296,000 -45,000

2029 - 2030 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 24,000 32,000 50,000 249,000 1,900 172,000 8,730 42,000 70,000 295,000 -46,000

2030 - 2031 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 23,000 31,000 51,000 248,000 1,900 172,000 5,820 42,000 68,000 290,000 -42,000

2031 - 2032 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 23,000 32,000 51,000 249,000 1,900 172,000 5,820 42,000 67,000 289,000 -40,000

2032 - 2033 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 22,000 32,000 52,000 249,000 1,900 172,000 5,820 41,000 65,000 286,000 -37,000

2033 - 2034 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 22,000 32,000 52,000 249,000 1,900 172,000 5,820 41,000 64,000 285,000 -36,000

2034 - 2035 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 20,000 31,000 53,000 247,000 1,900 171,000 5,820 42,000 56,000 277,000 -30,000

2035 - 2036 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 18,000 31,000 53,000 245,000 1,900 171,000 2,910 42,000 54,000 272,000 -27,000

2036 - 2037 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 17,000 31,000 53,000 244,000 1,900 171,000 2,910 41,000 52,000 269,000 -25,000

2037 - 2038 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 16,000 31,000 53,000 243,000 1,900 171,000 2,910 41,000 50,000 267,000 -24,000

2038 - 2039 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 16,000 31,000 53,000 243,000 1,900 171,000 2,910 41,000 48,000 265,000 -22,000

2039 - 2040 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 12,000 29,000 53,000 232,000 1,900 152,000 0 42,000 47,000 243,000 -11,000

2040 - 2041 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 10,000 30,000 53,000 231,000 1,900 152,000 0 42,000 46,000 242,000 -11,000

2041 - 2042 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 10,000 30,000 53,000 231,000 1,900 152,000 0 42,000 45,000 241,000 -10,000

2042 - 2043 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 9,000 30,000 53,000 230,000 1,900 152,000 0 42,000 44,000 240,000 -10,000

2043 - 2044 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 8,000 30,000 53,000 229,000 1,900 152,000 0 42,000 43,000 239,000 -10,000

2044 - 2045 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 8,000 31,000 53,000 230,000 1,900 152,000 0 42,000 42,000 238,000 -8,000

2045 - 2046 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 53,000 229,000 1,900 152,000 0 41,000 42,000 237,000 -8,000

2046 - 2047 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 53,000 229,000 1,900 152,000 0 41,000 41,000 236,000 -7,000

2047 - 2048 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 54,000 230,000 1,900 152,000 0 41,000 41,000 236,000 -6,000

2048 - 2049 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 6,000 31,000 54,000 229,000 1,900 152,000 0 41,000 41,000 236,000 -7,000

2049 - 2050 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 6,000 32,000 54,000 230,000 1,900 152,000 0 41,000 40,000 235,000 -5,000

2050 - 2051 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000

2051 - 2052 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000

2052 - 2053 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000

2053 - 2054 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 40,000 224,000 -6,000

2054 - 2055 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 31,000 54,000 217,000 1,900 141,000 0 41,000 40,000 224,000 -7,000

2055 - 2056 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 40,000 224,000 -6,000

2056 - 2057 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2057 - 2058 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2058 - 2059 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2059 - 2060 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2060 - 2061 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 32,000 54,000 217,000 1,900 141,000 0 41,000 39,000 223,000 -6,000

2061 - 2062 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2062 - 2063 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2063 - 2064 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2064 - 2065 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000

2065 - 2066 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 38,000 222,000 -4,000

2066 - 2067 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 38,000 222,000 -4,000

2067 - 2068 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 39,000 223,000 -6,000

2068 - 2069 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 38,000 222,000 -5,000

2069 - 2070 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 38,000 222,000 -5,000

17/18-69/70 Avg 3,000 3,900 19,000 6,400 11,000 36,800 8,000 13,700 36,100 1,200 11,000 33,000 52,000 235,000 1,900 152,000 3,300 41,000 55,000 253,000 -18,000

Total In

Groundwater PumpingSub-surface

Inflow

Sub-surface

Outflow

Projected Future Lower Tule River Irrigation District GSA Groundwater Budget

Total OutMuni-

cipal

Agri-

cultural
Exports

Groundwater Inflows (acre-ft) Groundwater Outflows (acre-ft)

Canal

Loss

Recharge

in Basins

Return

Flow

Change in 

Storage 

(acre-ft)

Oettle Bridge 

to Turnbull 

Weir

Infiltration

Canal

Loss

Recharge

in Basins

Imported Water Deliveries
Release of 

Water from 

Compression 

of Aquitards

Municipal

Pumping

Water Year

Areal

Recharge

from

Precipitation

Tule River

Return

Flow

Agricultural

Pumping
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Tule Subbasin Appendix A
Chapter 2 - Basin Setting Table 5

2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

L0001_B_RMS 253.0 252.4 238.7 237.8

L0002_B_RMS 228.9 227.9 222.2 220.8

L0003_B_RMS 228.7 227.8 223.5 221.5

L0004_B_RMS 197.3 197.7 193.1 192.1

L0005_B_RMS 190.2 189.6 182.5 181.5

L0006_B_RMS 192.3 191.6 184.5 183.5

L0022_B_RMS 180.0 179.7 170.3 169.3

L0023_B_RMS 190.8 190.1 185.1 184.1

L0024_B_RMS 254.9 254.3 249.8 248.8

L0038_B_RMS 321.6 321.1 319.5 318.1

L0039_B_RMS 307.5 306.9 304.4 303.3

L0040_B_RMS 309.0 308.4 304.4 303.4

L0041_B_RMS 307.3 306.9 302.8 301.8

L0042_B_RMS 306.5 305.8 301.6 300.6

L0043_B_RMS 348.6 348.5 346.4 345.4

L0044_B_RMS 370.6 370.3 370.1 368.9

L0045_B_RMS 346.3 346.0 343.7 342.6

L0046_B_RMS 371.0 370.7 370.0 369.0

Note:
1

Benchmarks surveyed in July and August of each year.

Lower Tule River Irrigation District GSA

Land Surface Elevations at Representative Monitoring Sites

Land Surface Elevation (ft amsl)
1

Site

July 2022
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Appendix A
Figure 1

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs
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Appendix A
Figure 2

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

don't have data
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Appendix A
Figure 3

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

don't have data
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Appendix A
Figure 4

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

data updated
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Appendix A
Figure 5

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs
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Appendix A
Figure 6

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

data updated
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Appendix A
Figure 7

Lower Tule River Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated
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Appendix B 

Eastern Tule GSA 

Water Budgets, Land Surface Elevations at Representative 

Monitoring Sites, and RMS Groundwater Elevation 

Hydrographs 

  



Tule Subbasin
Chapter 2 - Basin Setting

Appendix B
Table 1a

Tule

River

Deer

Creek

White

River

Saucelito

ID

Terra Bella

ID

Kern-Tulare 

WD

Porterville 

ID

Tea Pot 

Dome WD
Agricultural Municipal

1986 - 1987 92,000 70,029 8,389 2,496 23,879 13,136 10,899 15,337 5,490 207,000 9,600 458,000

1987 - 1988 132,000 39,842 6,095 1,420 19,666 21,961 12,210 13,067 5,493 207,000 11,100 470,000

1988 - 1989 107,000 49,667 7,795 1,942 22,426 22,561 11,991 13,106 6,226 206,000 11,700 460,000

1989 - 1990 103,000 29,342 4,706 778 16,166 23,159 11,371 11,520 6,193 215,000 12,200 433,000

1990 - 1991 139,000 51,275 7,247 1,362 19,848 18,725 9,762 11,322 5,636 218,000 12,600 495,000

1991 - 1992 120,000 34,325 4,080 739 21,336 20,743 11,700 15,569 6,607 207,000 12,900 455,000

1992 - 1993 194,000 115,640 15,422 3,623 41,261 18,180 12,357 12,310 6,968 181,000 13,100 614,000

1993 - 1994 123,000 61,313 6,908 1,148 22,064 18,740 14,255 12,895 6,526 206,000 13,500 486,000

1994 - 1995 256,000 218,480 32,053 10,596 37,477 16,186 11,681 9,455 6,562 180,000 13,400 792,000

1995 - 1996 135,000 174,473 23,095 5,957 48,924 21,617 15,415 13,808 7,993 163,000 13,600 623,000

1996 - 1997 189,000 353,968 58,781 12,920 40,908 20,158 15,736 13,379 7,298 172,000 14,500 899,000

1997 - 1998 305,000 439,125 88,360 36,764 28,221 13,165 11,745 10,159 4,913 195,000 13,700 1,146,000

1998 - 1999 156,000 108,466 18,410 7,469 37,062 17,567 14,527 16,107 9,218 185,000 13,700 584,000

1999 - 2000 149,000 102,354 15,230 4,878 39,734 19,200 16,476 15,545 7,191 186,000 14,600 570,000

2000 - 2001 111,000 55,249 7,016 4,695 25,252 19,194 17,550 15,436 6,456 200,000 14,700 477,000

2001 - 2002 106,000 73,206 10,370 6,176 26,131 20,234 15,088 13,628 6,388 201,000 16,400 495,000

2002 - 2003 104,000 125,004 15,678 5,875 33,692 18,356 14,591 14,646 5,844 190,000 16,000 544,000

2003 - 2004 87,000 51,738 6,882 2,350 26,988 20,352 15,755 14,698 6,913 191,000 17,000 441,000

2004 - 2005 166,000 172,558 22,758 6,502 42,840 15,266 13,495 14,748 5,217 172,000 15,800 647,000

2005 - 2006 168,000 195,667 23,868 7,588 45,106 21,763 14,507 13,251 6,436 159,000 16,600 672,000

2006 - 2007 71,000 38,587 6,901 1,815 16,280 20,797 15,133 9,775 5,489 207,000 17,500 410,000

2007 - 2008 79,000 74,030 8,411 2,355 24,083 18,192 17,689 12,988 6,894 192,000 17,700 453,000

2008 - 2009 85,000 54,737 6,620 1,751 31,282 19,701 15,524 18,000 6,165 181,000 17,000 437,000

2009 - 2010 136,000 144,778 16,470 5,080 42,855 17,574 14,027 14,335 5,845 165,000 16,300 578,000

2010 - 2011 201,000 266,473 44,873 14,997 46,733 16,381 13,405 9,387 6,105 154,000 16,200 790,000

2011 - 2012 127,000 87,533 11,311 3,334 19,189 19,757 14,309 9,318 4,680 195,000 16,800 508,000

2012 - 2013 58,000 30,283 4,777 1,145 14,102 20,628 14,955 10,298 4,354 199,000 17,100 375,000

2013 - 2014 41,000 13,171 2,957 535 5,724 12,390 9,986 178 1,030 233,000 16,100 336,000

2014 - 2015 59,000 8,820 1,994 253 1,503 12,012 5,438 114 260 243,000 13,900 346,000

2015 - 2016 91,000 74,330 14,559 4,547 20,049 14,357 11,805 13,271 4,627 194,000 13,700 456,000

2016 - 2017 95,000 352,963 51,145 17,241 51,137 16,089 14,203 21,651 6,694 144,000 14,000 784,000

86/87-16/17 Avg 129,000 118,300 17,800 5,800 28,800 18,300 13,500 12,600 5,900 192,000 14,600 557,000

Surface Water Inflow (acre-ft)

Eastern Tule GSA

Historical Surface Water Budget 1986/87 to 2016/17

Discharge from Wells

Total InWater Year
Precip-

itation

Stream Inflow Imported Water

Page 1 of 1
July 2022
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Table 1b

Success to 

Oettle Bridge 

Infiltration

Before 

Trenton 

Weir 

Infiltration

Agricultural 

Cons. Use

Stream 

Channel

Stream 

Channel

Stream 

Channel

Agricultural 

Cons. Use

Agricultural 

Cons. Use

Recharge in 

Basins

To

LTIRD 

GSA

To

FKC

To

Pixley 

GSA

To

DEID 

GSA

1986 - 1987 0 11,600 8,100 2,400 5,400 2,600 3,200 13,400 200 36,000 2,700 92,000 11,300 400 300 100 55,300 171,000 700 50 3,400 40,400 0 0 0 659,000

1987 - 1988 4,000 8,000 5,800 1,300 5,000 3,200 4,100 15,000 200 37,100 2,900 128,000 10,200 300 300 100 57,400 170,000 900 50 3,900 14,700 0 0 0 709,000

1988 - 1989 0 8,700 7,500 1,800 6,200 3,400 1,700 14,300 200 37,000 3,000 107,000 6,500 300 300 100 62,000 169,000 1,000 50 4,100 22,900 0 0 0 673,000

1989 - 1990 0 5,000 4,400 700 3,700 3,600 1,500 12,500 200 39,100 3,100 103,000 5,800 400 300 100 55,900 175,000 1,000 50 4,300 7,100 0 0 0 634,000

1990 - 1991 7,000 6,400 6,900 1,300 5,200 3,700 1,500 12,500 200 39,200 3,200 132,000 5,500 300 300 100 52,800 179,000 1,000 50 4,500 22,700 0 0 0 719,000

1991 - 1992 1,000 4,300 3,800 700 3,700 3,800 1,600 14,300 200 37,100 3,200 118,000 5,900 400 300 100 61,600 170,000 1,100 50 4,500 9,900 0 0 0 672,000

1992 - 1993 41,000 18,500 15,100 3,500 8,200 3,900 8,900 20,000 200 30,600 3,300 153,000 16,000 400 400 100 71,100 150,000 1,100 50 4,600 57,600 0 0 0 882,000

1993 - 1994 2,000 6,100 6,600 1,100 5,000 4,000 4,000 15,700 200 36,900 3,400 121,000 8,900 300 300 100 58,800 169,000 1,100 50 4,800 31,300 0 0 0 710,000

1994 - 1995 81,000 36,400 21,200 6,600 7,800 3,900 15,400 17,600 200 30,200 3,400 175,000 23,100 400 400 100 63,800 150,000 1,100 50 4,700 142,900 0 10,400 3,900 1,096,000

1995 - 1996 5,000 20,700 13,700 4,600 7,800 3,900 16,100 27,100 200 27,000 3,500 130,000 22,600 400 400 100 80,700 136,000 1,100 50 4,800 105,900 0 9,000 1,300 887,000

1996 - 1997 37,000 34,600 45,100 6,100 5,400 4,300 14,700 23,300 200 29,200 3,600 151,000 21,500 400 400 100 74,200 143,000 1,200 50 5,100 250,300 36,400 13,300 6,700 1,188,000

1997 - 1998 112,000 41,100 14,900 9,500 4,100 3,900 12,000 14,400 200 33,000 3,600 193,000 23,600 400 400 200 53,800 162,000 1,100 50 4,800 286,700 0 74,600 27,100 1,384,000

1998 - 1999 17,000 14,300 13,300 7,100 6,200 3,900 3,600 19,700 200 32,000 3,600 139,000 10,900 400 400 200 74,800 153,000 1,100 50 4,800 71,000 0 4,800 200 843,000

1999 - 2000 12,000 16,900 10,100 4,100 5,500 4,200 3,200 21,500 200 32,500 3,700 137,000 8,500 400 400 100 76,700 154,000 1,200 50 5,100 64,000 0 4,800 600 826,000

2000 - 2001 0 12,300 6,700 4,300 4,800 4,300 2,100 16,700 200 35,800 3,800 111,000 7,300 300 300 100 67,100 164,000 1,200 50 5,200 27,500 0 0 300 701,000

2001 - 2002 0 14,800 10,100 5,000 5,800 4,900 3,800 17,300 300 36,000 4,000 106,000 9,100 400 300 100 64,100 165,000 1,400 50 5,800 32,900 0 0 1,100 708,000

2002 - 2003 0 19,700 13,600 5,100 6,300 4,800 1,800 15,800 200 30,000 3,900 104,000 6,900 400 400 100 71,400 160,000 1,400 50 5,600 77,600 0 1,700 600 748,000

2003 - 2004 0 9,900 6,600 2,300 3,900 5,100 2,400 14,600 200 30,100 4,100 87,000 6,100 400 300 100 70,100 160,000 1,500 50 6,000 24,500 0 0 0 633,000

2004 - 2005 23,000 24,200 14,400 5,100 7,300 2,400 5,900 16,900 500 26,200 3,900 143,000 13,900 400 400 100 74,700 146,000 3,300 50 5,600 91,500 0 8,000 1,300 881,000

2005 - 2006 24,000 28,100 14,400 5,100 6,900 2,000 15,500 21,000 700 24,200 4,000 144,000 18,900 400 400 100 80,000 135,000 4,000 50 5,800 129,200 0 9,200 2,400 947,000

2006 - 2007 0 6,200 6,600 1,700 4,300 2,000 1,700 11,600 700 33,300 4,100 71,000 4,000 300 300 100 55,900 174,000 4,400 50 6,200 20,000 0 0 0 577,000

2007 - 2008 0 11,700 8,100 2,300 6,000 2,000 2,100 13,800 800 30,500 4,200 79,000 6,000 300 300 100 66,000 162,000 4,500 50 6,200 42,700 0 0 0 635,000

2008 - 2009 0 9,500 6,300 1,600 4,800 2,000 2,700 16,500 700 28,400 4,100 85,000 6,700 400 300 100 74,200 153,000 4,200 50 6,000 29,200 0 0 0 635,000

2009 - 2010 6,000 25,600 16,100 5,000 8,500 2,000 9,000 18,600 600 24,900 4,000 131,000 18,100 400 400 100 76,100 140,000 3,900 50 5,800 82,500 0 0 0 834,000

2010 - 2011 45,000 37,100 24,400 8,300 7,200 2,000 14,700 18,500 600 23,400 4,000 156,000 18,800 400 400 200 73,500 131,000 3,800 50 5,700 191,800 10,000 20,200 6,500 1,080,000

2011 - 2012 3,000 13,600 11,000 3,200 6,600 2,000 1,800 11,600 700 31,500 4,100 124,000 4,700 400 300 100 55,700 163,000 4,100 50 5,900 58,800 0 0 0 727,000

2012 - 2013 0 4,900 4,500 1,000 5,300 2,000 1,100 10,900 700 32,300 4,100 58,000 2,700 400 300 100 53,400 167,000 4,200 50 6,000 14,400 0 0 0 525,000

2013 - 2014 0 2,300 2,700 400 3,800 2,000 1,000 5,100 600 37,900 4,000 41,000 2,400 300 300 100 24,200 195,000 3,800 50 5,700 0 0 0 0 443,000

2014 - 2015 0 1,000 1,800 200 3,600 2,000 1,100 2,600 500 39,400 3,700 59,000 2,300 300 200 100 16,700 203,000 2,700 50 4,900 0 0 0 0 467,000

2015 - 2016 0 16,000 14,300 4,400 5,800 2,000 1,700 10,600 400 30,700 3,700 91,000 5,900 300 300 100 53,500 163,000 2,700 50 4,800 35,400 0 0 0 632,000

2016 - 2017 0 42,100 37,000 6,900 8,900 2,000 26,900 29,300 500 21,400 3,700 95,000 20,700 400 400 200 80,500 122,000 2,800 50 4,900 187,800 0 13,800 10,200 940,000

86/87-16/17 Avg 14,000 16,500 12,100 3,600 5,800 3,200 6,000 15,900 400 32,000 3,700 115,000 10,800 400 300 100 63,100 160,000 2,200 50 5,100 70,100 1,500 5,500 2,000 775,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Eastern Tule GSA

Historical Subbasin Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Recycled

Water

Deep Percolation of Applied WaterStreambed Infiltration
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Recharge

of 

Precip-
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Table 2

Success to

Oettle Bridge

Infiltration

Recharge 

in Basins

Return

Flow

Infiltration

Before

Trenton

Weir

Infiltration

Before

DEID

Return Flow
Irrigated

Agriculture

Agricultural

Return Flow

Artificial

Recharge

From 

Outside 

Subbasin

From 

Other 

GSAs

Muni-

cipal

Agri-

culture

To 

Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 11,600 5,400 3,200 8,100 2,400 13,400 36,000 2,700 200 2,600 36,000 9,000 37,000 28,000 196,000 9,600 207,000 4,000 74,000 295,000 -99,000

1987 - 1988 4,000 8,000 5,000 4,100 5,800 1,300 15,000 37,100 2,900 200 3,200 15,000 10,000 36,000 29,000 177,000 11,100 207,000 4,000 73,000 295,000 -118,000

1988 - 1989 0 8,700 6,200 1,700 7,500 1,800 14,300 37,000 3,000 200 3,400 12,000 11,000 45,000 29,000 181,000 11,700 206,000 3,000 72,000 293,000 -112,000

1989 - 1990 0 5,000 3,700 1,500 4,400 700 12,500 39,100 3,100 200 3,600 15,000 10,000 39,000 29,000 167,000 12,200 215,000 4,000 79,000 310,000 -143,000

1990 - 1991 7,000 6,400 5,200 1,500 6,900 1,300 12,500 39,200 3,200 200 3,700 16,000 10,000 45,000 29,000 187,000 12,600 218,000 4,000 77,000 312,000 -125,000

1991 - 1992 1,000 4,300 3,700 1,600 3,800 700 14,300 37,100 3,200 200 3,800 15,000 10,000 41,000 30,000 170,000 12,900 207,000 4,000 78,000 302,000 -132,000

1992 - 1993 41,000 18,500 8,200 8,900 15,100 3,500 20,000 30,600 3,300 200 3,900 10,000 9,000 54,000 30,000 256,000 13,100 181,000 4,000 59,000 257,000 -1,000

1993 - 1994 2,000 6,100 5,000 4,000 6,600 1,100 15,700 36,900 3,400 200 4,000 14,000 8,000 36,000 30,000 173,000 13,500 206,000 5,000 70,000 295,000 -122,000

1994 - 1995 81,000 36,400 7,800 15,400 21,200 6,600 17,600 30,200 3,400 200 3,900 8,000 8,000 51,000 30,000 321,000 13,400 180,000 6,000 65,000 264,000 57,000

1995 - 1996 5,000 20,700 7,800 16,100 13,700 4,600 27,100 27,000 3,500 200 3,900 7,000 7,000 49,000 27,000 220,000 13,600 163,000 6,000 56,000 239,000 -19,000

1996 - 1997 37,000 34,600 5,400 14,700 45,100 6,100 23,300 29,200 3,600 200 4,300 5,000 7,000 46,000 28,000 290,000 14,500 172,000 6,000 58,000 251,000 39,000

1997 - 1998 112,000 41,100 4,100 12,000 14,900 9,500 14,400 33,000 3,600 200 3,900 7,000 6,000 49,000 30,000 341,000 13,700 195,000 7,000 58,000 274,000 67,000

1998 - 1999 17,000 14,300 6,200 3,600 13,300 7,100 19,700 32,000 3,600 200 3,900 6,000 6,000 49,000 30,000 212,000 13,700 185,000 6,000 58,000 263,000 -51,000

1999 - 2000 12,000 16,900 5,500 3,200 10,100 4,100 21,500 32,500 3,700 200 4,200 5,000 8,000 45,000 30,000 202,000 14,600 186,000 5,000 58,000 264,000 -62,000

2000 - 2001 0 12,300 4,800 2,100 6,700 4,300 16,700 35,800 3,800 200 4,300 8,000 8,000 42,000 30,000 179,000 14,700 200,000 5,000 61,000 281,000 -102,000

2001 - 2002 0 14,800 5,800 3,800 10,100 5,000 17,300 36,000 4,000 300 4,900 10,000 8,000 43,000 30,000 193,000 16,400 201,000 5,000 63,000 285,000 -92,000

2002 - 2003 0 19,700 6,300 1,800 13,600 5,100 15,800 30,000 3,900 200 4,800 10,000 8,000 48,000 29,000 196,000 16,000 190,000 4,000 56,000 266,000 -70,000

2003 - 2004 0 9,900 3,900 2,400 6,600 2,300 14,600 30,100 4,100 200 5,100 11,000 8,000 40,000 29,000 167,000 17,000 191,000 4,000 57,000 269,000 -102,000

2004 - 2005 23,000 24,200 7,300 5,900 14,400 5,100 16,900 26,200 3,900 500 2,400 9,000 7,000 49,000 29,000 224,000 15,800 172,000 5,000 49,000 242,000 -18,000

2005 - 2006 24,000 28,100 6,900 15,500 14,400 5,100 21,000 24,200 4,000 700 2,000 5,000 7,000 47,000 29,000 234,000 16,600 159,000 6,000 52,000 234,000 0

2006 - 2007 0 6,200 4,300 1,700 6,600 1,700 11,600 33,300 4,100 700 2,000 11,000 7,000 35,000 29,000 154,000 17,500 207,000 6,000 59,000 290,000 -136,000

2007 - 2008 0 11,700 6,000 2,100 8,100 2,300 13,800 30,500 4,200 800 2,000 12,000 7,000 42,000 30,000 173,000 17,700 192,000 5,000 57,000 272,000 -99,000

2008 - 2009 0 9,500 4,800 2,700 6,300 1,600 16,500 28,400 4,100 700 2,000 14,000 7,000 39,000 30,000 167,000 17,000 181,000 5,000 60,000 263,000 -96,000

2009 - 2010 6,000 25,600 8,500 9,000 16,100 5,000 18,600 24,900 4,000 600 2,000 12,000 6,000 47,000 29,000 214,000 16,300 165,000 6,000 52,000 239,000 -25,000

2010 - 2011 45,000 37,100 7,200 14,700 24,400 8,300 18,500 23,400 4,000 600 2,000 5,000 6,000 47,000 29,000 272,000 16,200 154,000 6,000 55,000 231,000 41,000

2011 - 2012 3,000 13,600 6,600 1,800 11,000 3,200 11,600 31,500 4,100 700 2,000 10,000 7,000 39,000 29,000 174,000 16,800 195,000 6,000 63,000 281,000 -107,000

2012 - 2013 0 4,900 5,300 1,100 4,500 1,000 10,900 32,300 4,100 700 2,000 13,000 7,000 37,000 29,000 153,000 17,100 199,000 5,000 64,000 285,000 -132,000

2013 - 2014 0 2,300 3,800 1,000 2,700 400 5,100 37,900 4,000 600 2,000 22,000 7,000 35,000 30,000 154,000 16,100 233,000 6,000 65,000 320,000 -166,000

2014 - 2015 0 1,000 3,600 1,100 1,800 200 2,600 39,400 3,700 500 2,000 24,000 7,000 33,000 30,000 150,000 13,900 243,000 6,000 63,000 326,000 -176,000

2015 - 2016 0 16,000 5,800 1,700 14,300 4,400 10,600 30,700 3,700 400 2,000 18,000 6,000 35,000 30,000 179,000 13,700 194,000 6,000 54,000 268,000 -89,000

2016 - 2017 0 42,100 8,900 26,900 37,000 6,900 29,300 21,400 3,700 500 2,000 13,000 5,000 42,000 29,000 268,000 14,000 144,000 7,000 45,000 210,000 58,000

86/87-16/17 Avg 14,000 16,500 5,800 6,000 12,100 3,600 15,900 32,000 3,700 400 3,200 12,000 8,000 43,000 29,000 205,000 14,600 192,000 5,000 62,000 274,000 -69,000

Cummulative Change in Storage  -2,132,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Groundwater 

Pumping

Eastern Tule GSA

Historical Groundwater Budget 1986/87 to 2016/17
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Tule

River

Deer

Creek

White

River

Saucelito

ID

Terra Bella

ID

Kern-Tulare 

WD

Porterville 

ID

Tea Pot 

Dome WD

City of 

Porterville
Hope WD Ducor ID Agricultural Municipal

2017 - 2018 128,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 158,000 14,700 553,000

2018 - 2019 128,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 157,000 16,400 553,000

2019 - 2020 128,000 131,258 19,410 6,347 34,567 18,786 15,335 23,103 6,528 0 0 0 151,000 18,000 552,000

2020 - 2021 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 148,000 18,400 555,000

2021 - 2022 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 148,000 18,800 555,000

2022 - 2023 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 0 148,000 19,100 557,000

2023 - 2024 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 4,000 148,000 19,500 561,000

2024 - 2025 128,000 134,258 19,410 6,347 34,893 20,304 18,229 24,339 6,594 1,100 1,667 4,000 138,000 20,000 557,000

2025 - 2026 128,000 134,258 19,410 6,347 34,118 21,823 17,843 25,575 6,661 1,100 1,667 4,000 138,000 20,400 559,000

2026 - 2027 128,000 134,258 19,410 6,347 33,343 23,341 17,458 26,812 6,727 1,100 1,667 4,000 136,000 20,800 559,000

2027 - 2028 128,000 134,258 19,410 6,347 32,568 24,860 17,072 28,048 6,793 1,100 1,667 4,000 134,000 21,300 559,000

2028 - 2029 128,000 134,258 19,410 6,347 31,794 26,378 16,687 29,285 6,860 1,100 1,667 4,000 132,000 21,700 559,000

2029 - 2030 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 92,000 22,200 523,000

2030 - 2031 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,000 22,700 529,000

2031 - 2032 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 23,100 528,000

2032 - 2033 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 23,600 529,000

2033 - 2034 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 24,200 529,000

2034 - 2035 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 24,700 504,000

2035 - 2036 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 25,200 504,000

2036 - 2037 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 25,800 505,000

2037 - 2038 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 26,300 504,000

2038 - 2039 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 26,900 505,000

2039 - 2040 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2040 - 2041 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2041 - 2042 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2042 - 2043 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2043 - 2044 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2044 - 2045 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2045 - 2046 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2046 - 2047 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2047 - 2048 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2048 - 2049 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2049 - 2050 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000

2050 - 2051 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2051 - 2052 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2052 - 2053 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2053 - 2054 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2054 - 2055 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2055 - 2056 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2056 - 2057 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2057 - 2058 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2058 - 2059 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2059 - 2060 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2060 - 2061 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2061 - 2062 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2062 - 2063 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2063 - 2064 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2064 - 2065 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2065 - 2066 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2066 - 2067 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2067 - 2068 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2068 - 2069 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

2069 - 2070 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

17/18-69/70 Avg 128,000 132,500 19,200 6,300 31,200 25,700 17,800 28,300 6,700 1,000 1,500 3,500 88,000 25,000 515,000

Surface Water Inflow (acre-ft)

Projected Future Eastern Tule GSA Surface Water Budget

Discharge from Wells

Total InWater Year
Precip-

itation

Stream Inflow Imported Water
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2017 - 2018 14,000 17,900 11,600 4,000 5,800 800 0 2,000 4,600 19,700 600 24,300 3,400 115,000 13,900 300 300 100 75,400 133,000 3,500 50 5,200 80,000 0 6,700 2,200 544,000

2018 - 2019 14,000 17,900 11,600 4,000 5,800 800 0 2,000 4,600 19,700 700 24,200 3,600 115,000 13,900 300 300 100 75,400 133,000 4,300 50 5,800 80,000 0 6,700 2,200 546,000

2019 - 2020 14,000 17,900 11,600 4,000 6,700 800 3,300 2,500 4,600 20,600 400 23,200 3,800 115,000 13,900 300 300 100 77,700 125,000 2,600 50 8,700 80,000 0 6,700 2,200 546,000

2020 - 2021 14,000 17,900 11,600 4,000 6,700 800 5,500 2,600 4,600 21,000 400 22,800 3,800 115,000 13,900 300 300 100 80,000 123,000 2,600 50 8,900 80,000 0 6,700 2,200 549,000

2021 - 2022 14,000 17,900 11,600 4,000 6,700 800 5,500 2,600 4,600 21,000 400 22,800 3,800 115,000 13,900 300 300 100 80,000 123,000 2,700 50 9,100 80,000 0 6,700 2,200 549,000

2022 - 2023 14,000 17,900 11,600 4,000 6,700 800 7,200 2,700 4,600 21,000 500 22,800 3,900 115,000 13,900 300 300 100 80,000 123,000 2,800 50 9,300 80,000 0 6,700 2,200 551,000

2023 - 2024 14,000 17,900 11,600 4,000 6,700 800 11,200 2,800 4,600 21,000 500 22,800 3,900 115,000 13,900 300 300 100 80,000 123,000 2,800 50 9,500 80,000 0 6,700 2,200 556,000

2024 - 2025 14,000 17,900 11,600 4,000 7,100 800 11,200 2,800 4,600 21,400 500 21,300 4,000 115,000 14,000 300 300 100 81,900 114,000 2,900 50 9,700 82,600 0 6,700 2,200 551,000

2025 - 2026 14,000 17,900 11,600 4,000 7,100 800 11,200 2,900 4,600 21,700 500 21,200 4,000 115,000 14,000 300 300 100 83,200 114,000 3,000 50 9,900 82,600 0 6,700 2,200 553,000

2026 - 2027 14,000 17,900 11,600 4,000 7,100 800 11,200 3,000 4,600 22,000 500 20,900 4,100 115,000 14,000 300 300 100 84,600 113,000 3,000 50 10,100 82,600 0 6,700 2,200 554,000

2027 - 2028 14,000 17,900 11,600 4,000 7,100 800 11,200 3,100 4,600 22,300 500 20,600 4,100 115,000 14,000 300 300 100 86,000 111,000 3,100 50 10,400 82,600 0 6,700 2,200 554,000

2028 - 2029 14,000 17,900 11,600 4,000 7,100 800 11,200 3,100 4,500 22,600 500 20,300 4,200 115,000 14,000 300 300 100 87,300 110,000 3,200 50 10,600 82,600 0 6,700 2,200 554,000

2029 - 2030 14,000 17,900 11,600 4,000 7,100 800 11,200 3,200 4,300 23,200 500 14,300 4,200 115,000 13,200 300 300 100 90,100 75,000 3,300 50 10,800 82,000 0 6,700 2,200 515,000

2030 - 2031 14,000 17,900 11,600 4,000 7,100 800 11,200 3,300 4,300 23,200 600 15,100 4,300 115,000 13,200 300 300 100 90,100 79,000 3,400 50 11,100 82,000 0 6,700 2,200 521,000

2031 - 2032 14,000 17,900 11,600 4,000 7,100 800 11,200 3,400 4,300 23,200 600 15,100 4,400 115,000 13,200 300 300 100 90,100 79,000 3,400 50 11,300 82,000 0 6,700 2,200 521,000

2032 - 2033 14,000 17,900 11,600 4,000 7,100 800 11,200 3,500 4,300 23,200 600 15,100 4,400 115,000 13,200 300 300 100 90,100 79,000 3,500 50 11,600 82,000 0 6,700 2,200 522,000

2033 - 2034 14,000 17,900 11,600 4,000 7,100 800 11,200 3,500 4,300 23,200 600 15,100 4,500 115,000 13,200 300 300 100 90,100 79,000 3,600 50 11,900 82,000 0 6,700 2,200 522,000

2034 - 2035 14,000 17,900 11,600 4,000 7,100 800 11,200 3,600 4,300 23,200 600 11,000 4,500 115,000 13,200 300 300 100 90,100 56,000 3,700 50 12,100 82,000 0 6,700 2,200 496,000

2035 - 2036 14,000 17,900 11,600 4,000 7,100 800 11,200 3,700 4,300 23,200 600 11,000 4,600 115,000 13,200 300 300 100 90,100 56,000 3,800 50 12,400 82,000 0 6,700 2,200 496,000

2036 - 2037 14,000 17,900 11,600 4,000 7,100 800 11,200 3,800 4,300 23,200 700 10,900 4,700 115,000 13,200 300 300 100 90,100 56,000 3,900 50 12,700 82,000 0 6,700 2,200 497,000

2037 - 2038 14,000 17,900 11,600 4,000 7,100 800 11,200 3,900 4,300 23,200 700 10,900 4,700 115,000 13,200 300 300 100 90,100 56,000 4,000 50 13,000 82,000 0 6,700 2,200 497,000

2038 - 2039 14,000 17,900 11,600 4,000 7,100 800 11,200 4,000 4,300 23,200 700 10,900 4,800 115,000 13,200 300 300 100 90,100 56,000 4,100 50 13,300 82,000 0 6,700 2,200 498,000

2039 - 2040 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2040 - 2041 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2041 - 2042 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2042 - 2043 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2043 - 2044 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2044 - 2045 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2045 - 2046 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2046 - 2047 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2047 - 2048 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2048 - 2049 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2049 - 2050 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000

2050 - 2051 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2051 - 2052 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2052 - 2053 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2053 - 2054 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2054 - 2055 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2055 - 2056 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2056 - 2057 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2057 - 2058 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2058 - 2059 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2059 - 2060 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2060 - 2061 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2061 - 2062 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2062 - 2063 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2063 - 2064 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2064 - 2065 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2065 - 2066 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2066 - 2067 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2067 - 2068 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2068 - 2069 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

2069 - 2070 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

17/18-69/70 Avg 14,000 17,700 11,500 4,000 6,800 800 10,300 3,700 4,400 22,400 600 13,800 4,600 115,000 13,100 300 300 100 86,300 72,000 3,800 50 12,200 81,000 0 6,600 2,200 508,000
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Tule Subbasin
Chapter 2 - Basin Setting

Appendix B
Table 4
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2017 - 2018 14,000 17,900 5,800 4,600 11,600 800 4,000 19,700 0 24,300 3,400 600 2,000 9,000 6,000 36,000 33,000 193,000 14,700 158,000 7,000 51,000 231,000 -38,000

2018 - 2019 14,000 17,900 5,800 4,600 11,600 800 4,000 19,700 0 24,200 3,600 700 2,000 9,000 6,000 36,000 33,000 193,000 16,400 157,000 7,000 51,000 231,000 -38,000

2019 - 2020 14,000 17,900 6,700 4,600 11,600 800 4,000 20,600 3,300 23,200 3,800 400 2,500 9,000 6,000 36,000 33,000 197,000 18,000 151,000 6,000 51,000 226,000 -29,000

2020 - 2021 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 5,500 22,800 3,800 400 2,600 8,000 5,000 35,000 33,000 197,000 18,400 148,000 7,000 51,000 224,000 -27,000

2021 - 2022 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 5,500 22,800 3,800 400 2,600 8,000 5,000 35,000 33,000 197,000 18,800 148,000 7,000 50,000 224,000 -27,000

2022 - 2023 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 7,170 22,800 3,900 500 2,700 8,000 5,000 35,000 33,000 199,000 19,100 148,000 7,000 50,000 224,000 -25,000

2023 - 2024 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 11,170 22,800 3,900 500 2,800 8,000 5,000 35,000 33,000 203,000 19,500 148,000 7,000 50,000 225,000 -22,000

2024 - 2025 14,000 17,900 7,100 4,600 11,600 800 4,000 21,400 11,170 21,300 4,000 500 2,800 6,000 5,000 34,000 33,000 199,000 20,000 138,000 6,000 49,000 213,000 -14,000

2025 - 2026 14,000 17,900 7,100 4,600 11,600 800 4,000 21,700 11,170 21,200 4,000 500 2,900 6,000 5,000 33,000 33,000 198,000 20,400 138,000 6,000 49,000 213,000 -15,000

2026 - 2027 14,000 17,900 7,100 4,600 11,600 800 4,000 22,000 11,170 20,900 4,100 500 3,000 6,000 5,000 32,000 33,000 198,000 20,800 136,000 6,000 49,000 212,000 -14,000

2027 - 2028 14,000 17,900 7,100 4,600 11,600 800 4,000 22,300 11,170 20,600 4,100 500 3,100 5,000 4,000 32,000 33,000 196,000 21,300 134,000 7,000 49,000 211,000 -15,000

2028 - 2029 14,000 17,900 7,100 4,500 11,600 800 4,000 22,600 11,170 20,300 4,200 500 3,100 5,000 4,000 31,000 33,000 195,000 21,700 132,000 7,000 49,000 210,000 -15,000

2029 - 2030 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 14,300 4,200 500 3,200 2,000 4,000 28,000 33,000 183,000 22,200 92,000 4,000 49,000 167,000 16,000

2030 - 2031 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,300 600 3,300 2,000 4,000 27,000 33,000 183,000 22,700 97,000 4,000 49,000 173,000 10,000

2031 - 2032 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,400 600 3,400 2,000 4,000 26,000 33,000 183,000 23,100 96,000 4,000 49,000 172,000 11,000

2032 - 2033 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,400 600 3,500 2,000 4,000 25,000 33,000 182,000 23,600 96,000 4,000 49,000 173,000 9,000

2033 - 2034 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,500 600 3,500 2,000 4,000 25,000 33,000 182,000 24,200 96,000 3,000 49,000 172,000 10,000

2034 - 2035 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 11,000 4,500 600 3,600 1,000 4,000 22,000 33,000 174,000 24,700 70,000 2,000 49,000 146,000 28,000

2035 - 2036 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 11,000 4,600 600 3,700 1,000 4,000 21,000 33,000 173,000 25,200 70,000 2,000 49,000 146,000 27,000

2036 - 2037 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,700 700 3,800 1,000 4,000 20,000 32,000 171,000 25,800 70,000 2,000 50,000 148,000 23,000

2037 - 2038 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,700 700 3,900 0 4,000 20,000 32,000 170,000 26,300 69,000 2,000 50,000 147,000 23,000

2038 - 2039 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,800 700 4,000 0 4,000 19,000 32,000 169,000 26,900 69,000 2,000 51,000 149,000 20,000

2039 - 2040 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 19,000 32,000 170,000 27,500 69,000 1,000 50,000 148,000 22,000

2040 - 2041 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 18,000 32,000 169,000 27,500 69,000 1,000 50,000 148,000 21,000

2041 - 2042 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 18,000 32,000 169,000 27,500 69,000 1,000 50,000 148,000 21,000

2042 - 2043 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 50,000 148,000 20,000

2043 - 2044 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 51,000 149,000 19,000

2044 - 2045 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 51,000 149,000 19,000

2045 - 2046 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 52,000 150,000 17,000

2046 - 2047 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 52,000 150,000 17,000

2047 - 2048 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 53,000 151,000 16,000

2048 - 2049 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 53,000 151,000 16,000

2049 - 2050 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 54,000 152,000 15,000

2050 - 2051 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 16,000 31,000 163,000 27,500 68,000 1,000 55,000 152,000 11,000

2051 - 2052 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 32,000 163,000 27,500 68,000 1,000 55,000 152,000 11,000

2052 - 2053 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 56,000 153,000 9,000

2053 - 2054 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 56,000 153,000 9,000

2054 - 2055 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 57,000 154,000 8,000

2055 - 2056 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 32,000 163,000 27,500 68,000 1,000 58,000 155,000 8,000

2056 - 2057 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 58,000 155,000 5,000

2057 - 2058 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 58,000 155,000 5,000

2058 - 2059 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000

2059 - 2060 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000

2060 - 2061 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000

2061 - 2062 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000

2062 - 2063 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000

2063 - 2064 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000

2064 - 2065 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000

2065 - 2066 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000

2066 - 2067 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000

2067 - 2068 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000

2068 - 2069 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000

2069 - 2070 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 62,000 159,000 1,000

17/18-69/70 Avg 14,000 17,700 6,800 4,400 11,500 800 4,000 22,400 10,300 13,800 4,600 600 3,700 2,000 4,000 21,000 32,000 174,000 25,000 88,000 3,000 53,000 169,000 5,000

Groundwater 

Pumping

Projected Future Eastern Tule GSA Groundwater Budget

Change

in

Storage

(acre-ft)

Mountain-

Block 

Recharge

Total Out

Agricultural

Pumping

Municipal Pumping

Return

Flow

Groundwater Outflows (acre-ft)

Water Year

Areal

Recharge

from

Precip-

itation

Sub-surface

Inflow

Sub-surface

OutflowRecycled Water Release of 

Water from 

Compression of 

Aquitards

Groundwater Inflows (acre-ft)

Tule River
White

River

Total In

Imported Water

Deliveries
Deer Creek
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Tule Subbasin Appendix B
Chapter 2 - Basin Setting Table 5

2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

E0035_B_RMS 342.1 341.4 340.5 339.5

E0047_B_RMS 366.2 365.7 365.2 363.4

E0048_B_RMS 370.5 369.9 369.5 366.5

E0049_B_RMS 403.2 402.6 402.7 401.8

E0050_B_RMS 386.6 386.6 386.5 385.5

E0051_B_FKC 397.3 397.1 397.3 396.3

E0052_B_FKC 405.7 404.7 405.7 404.7

E0053_B_FKC 399.8 399.3 399.7 398.3

E0054_B_FKC 412.5 412.6 412.4 411.0

E0055_B_FKC 409.1 409.2 409.0 408.0

E0056_G_FKC 406.7 406.8 406.7 405.7

E0057_B_FKC 399.3 399.1 399.3 398.3

E0058_B_FKC 407.8 407.7 407.1 406.0

E0059_B_FKC 418.0 417.7 416.9 415.9

E0060_B_FKC 393.6 393.4 392.8 391.7

E0061_B_FKC 403.8 403.5 402.7 401.7

E0062_B_FKC 403.6 403.2 402.9 401.9

E0063_G_FKC 403.2 402.9 403.2 402.1

E0064_B_FKC 400.8 400.6 400.7 399.4

E0065_B_FKC 393.7 400.1 392.6 389.9

E0066_B_FKC 411.9 411.6 410.2 409.1

E0067_B_FKC 408.0 407.5 407.0 404.7

E0068_B_FKC 391.2 390.7 390.9 389.0

E0069_B_FKC 397.4 397.1 397.4 396.4

E0087_B_RMS 531.1 530.9 531.2 530.2

E0088_B_RMS 457.5 457.2 456.8 455.8

Note:
1

Benchmarks surveyed in July and August of each year.

Eastern Tule GSA

Land Surface Elevations at Representative Monitoring Sites

Site
Land Surface Elevation (ft amsl)

1

July 2022
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Appendix B
Figure 1

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs
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Appendix B
Figure 2

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs
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data updated
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Appendix B
Figure 3

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs

data updated

no fall data

data updated
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Appendix B
Figure 4

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs

data updated

no fall GWE

data updated
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Figure 5

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs

data updated on 2/2/22 per KTWD comments

*need to extend hydrograph for 2021/22 report, right now only plotting data through oct 2021

data updated
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Appendix B
Figure 6

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs

data updated on 2/2/22 per KTWD comments

*need to extend hydrograph for 2021/22 report, right now only plotting data through oct 2021

data updated on 2/2/22 per KTWD comments

*need to extend hydrograph for 2021/22 report, right now only plotting data through oct 2021
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Figure 7

Eastern Tule GSA

RMS Groundwater Elevation Hydrographs

data updated

data updated
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Appendix C 

Delano-Earlimart Irrigation District GSA 

Water Budgets, Land Surface Elevations at Representative 

Monitoring Sites, and RMS Groundwater Elevation 

Hydrographs 
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Table 1a

Stream Inflow Imported Water

White River Delano-Earlimart ID Agricultural Municipal

1986 - 1987 27,000 0 114,782 51,000 1,600 194,000

1987 - 1988 39,000 0 110,345 52,000 1,600 203,000

1988 - 1989 32,000 0 105,980 56,000 1,700 196,000

1989 - 1990 30,000 0 83,837 78,000 1,700 194,000

1990 - 1991 41,000 0 106,877 53,000 1,700 203,000

1991 - 1992 36,000 0 92,567 70,000 1,700 200,000

1992 - 1993 58,000 0 133,359 33,000 1,700 226,000

1993 - 1994 36,000 0 92,394 72,000 1,800 202,000

1994 - 1995 76,000 3,867 124,388 40,000 1,800 246,000

1995 - 1996 40,000 1,276 144,069 35,000 1,800 222,000

1996 - 1997 56,000 6,659 153,967 34,000 1,800 252,000

1997 - 1998 91,000 27,100 119,815 56,000 1,800 296,000

1998 - 1999 46,000 205 124,051 48,000 1,900 220,000

1999 - 2000 44,000 626 134,272 42,000 1,900 223,000

2000 - 2001 33,000 296 117,746 53,000 1,900 206,000

2001 - 2002 31,000 1,067 126,747 44,000 2,000 205,000

2002 - 2003 31,000 646 121,277 43,000 2,000 198,000

2003 - 2004 26,000 0 127,364 35,000 2,100 190,000

2004 - 2005 49,000 1,298 119,847 39,000 2,100 211,000

2005 - 2006 50,000 2,384 121,005 38,000 2,200 214,000

2006 - 2007 21,000 0 79,111 77,000 2,200 179,000

2007 - 2008 24,000 0 106,470 46,000 2,300 179,000

2008 - 2009 25,000 0 111,556 47,000 2,400 186,000

2009 - 2010 41,000 0 118,671 43,000 2,400 205,000

2010 - 2011 60,000 6,543 127,447 36,000 2,500 232,000

2011 - 2012 38,000 0 114,108 39,000 2,500 194,000

2012 - 2013 17,000 0 87,302 64,000 2,600 171,000

2013 - 2014 12,000 0 38,106 111,000 2,600 164,000

2014 - 2015 18,000 0 18,591 129,000 2,700 168,000

2015 - 2016 27,000 0 93,806 57,000 2,800 181,000

2016 - 2017 28,000 10,216 137,773 34,000 2,800 213,000

86/87-16/17 Avg 38,000 2,000 109,900 53,000 2,100 205,000

Total In

Delano-Earlimart Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Inflow (acre-ft)

Water Year Precipitation
Discharge from Wells

Page 1 of 1 July 2022



Tule Subbasin
Chapter 2 - Basin Setting Appendix C

Table 1b

Streambed 

Infiltration

Recharge 

in Basins

Imported Water

Agricultural 

Cons. Use

1986 - 1987 0 0 0 27,100 10,200 1,100 27,000 87,600 41,000 600 195,000

1987 - 1988 0 0 0 23,200 10,300 1,100 39,000 87,100 41,000 600 202,000

1988 - 1989 0 0 0 22,400 11,200 1,100 32,000 83,600 45,000 600 196,000

1989 - 1990 0 0 0 18,000 15,200 1,100 30,000 65,900 63,000 600 194,000

1990 - 1991 0 0 0 20,900 10,600 1,100 41,000 86,000 43,000 600 203,000

1991 - 1992 0 0 0 19,900 13,700 1,100 36,000 72,700 56,000 600 200,000

1992 - 1993 4,000 0 5,600 25,400 6,800 1,100 53,000 102,400 26,000 600 225,000

1993 - 1994 0 0 700 21,400 14,100 1,100 36,000 70,300 58,000 600 202,000

1994 - 1995 15,000 3,900 4,500 23,700 8,100 1,200 61,000 96,300 32,000 600 246,000

1995 - 1996 0 1,300 1,300 37,100 7,700 1,200 40,000 105,800 27,000 600 222,000

1996 - 1997 4,000 6,700 5,300 42,100 7,600 1,200 52,000 106,500 26,000 600 252,000

1997 - 1998 25,000 27,100 2,900 28,200 11,700 1,200 66,000 88,700 44,000 700 296,000

1998 - 1999 0 200 2,700 26,600 10,300 1,200 46,000 94,700 38,000 700 220,000

1999 - 2000 0 600 4,400 29,900 9,100 1,200 44,000 100,000 33,000 700 223,000

2000 - 2001 0 300 600 26,800 11,300 1,200 33,000 90,400 42,000 700 206,000

2001 - 2002 0 1,100 0 28,400 9,500 1,300 31,000 98,300 34,000 700 204,000

2002 - 2003 0 600 0 23,800 7,500 1,300 31,000 97,500 35,000 700 197,000

2003 - 2004 0 0 0 27,700 6,300 1,300 26,000 99,700 29,000 700 191,000

2004 - 2005 1,000 1,300 100 23,700 6,900 1,400 48,000 96,100 32,000 800 211,000

2005 - 2006 1,000 2,400 1,200 23,200 6,800 1,400 49,000 96,700 32,000 800 215,000

2006 - 2007 0 0 100 15,800 12,400 1,500 21,000 63,200 65,000 800 180,000

2007 - 2008 0 0 0 16,500 7,900 1,500 24,000 90,000 38,000 800 179,000

2008 - 2009 0 0 2,500 19,500 7,900 1,500 25,000 89,600 39,000 800 186,000

2009 - 2010 0 0 5,800 20,200 7,400 1,600 41,000 92,600 36,000 900 206,000

2010 - 2011 5,000 6,500 9,400 22,100 6,300 1,600 54,000 96,000 30,000 900 232,000

2011 - 2012 0 0 1,100 21,000 6,800 1,600 38,000 92,000 32,000 900 193,000

2012 - 2013 0 0 0 16,300 10,400 1,700 17,000 71,000 54,000 900 171,000

2013 - 2014 0 0 0 7,100 17,100 1,700 12,000 31,000 94,000 900 164,000

2014 - 2015 0 0 0 2,700 19,700 1,700 18,000 15,900 109,000 1,000 168,000

2015 - 2016 0 0 3,600 13,000 9,400 1,800 27,000 77,100 48,000 1,000 181,000

2016 - 2017 0 10,200 16,400 23,100 6,000 1,800 28,000 98,200 28,000 1,000 213,000

86/87-16/17 Avg 2,000 2,000 2,200 22,500 9,900 1,400 36,000 85,300 44,000 700 206,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Surface Water Outflow (acre-ft)

Delano-Earlimart Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Agricultural

Pumping

Municipal

Pumping

White

River

Imported

Water

Imported

Water

Total Out
Precipitation

Crops/Native

Water Year Ag. Cons. 

Use from 

Pumping

Municipal

(Landscape ET)

EvapotranspirationAreal

Recharge

of 

Precipitation

Deep Percolation of Applied Water

Page 1 of 1 July 2022
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Table 2

Streambed

Infiltration

Recharge 

in Basins

Return 

Flow
Return Flow Return Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 0 0 27,100 10,200 1,100 11,000 3,000 23,000 75,000 1,600 51,000 0 23,000 47,000 123,000 -48,000

1987 - 1988 0 0 0 23,200 10,300 1,100 8,000 3,000 26,000 72,000 1,600 52,000 0 19,000 50,000 123,000 -51,000

1988 - 1989 0 0 0 22,400 11,200 1,100 8,000 4,000 26,000 73,000 1,700 56,000 0 18,000 51,000 127,000 -54,000

1989 - 1990 0 0 0 18,000 15,200 1,100 18,000 5,000 27,000 84,000 1,700 78,000 0 20,000 47,000 147,000 -63,000

1990 - 1991 0 0 0 20,900 10,600 1,100 8,000 5,000 29,000 75,000 1,700 53,000 0 22,000 52,000 129,000 -54,000

1991 - 1992 0 0 0 19,900 13,700 1,100 12,000 7,000 29,000 83,000 1,700 70,000 0 16,000 49,000 137,000 -54,000

1992 - 1993 4,000 0 5,600 25,400 6,800 1,100 2,000 5,000 30,000 80,000 1,700 33,000 0 17,000 52,000 104,000 -24,000

1993 - 1994 0 0 700 21,400 14,100 1,100 12,000 8,000 27,000 84,000 1,800 72,000 0 13,000 44,000 131,000 -47,000

1994 - 1995 15,000 3,900 4,500 23,700 8,100 1,200 3,000 6,000 26,000 91,000 1,800 40,000 0 13,000 47,000 102,000 -11,000

1995 - 1996 0 1,300 1,300 37,100 7,700 1,200 2,000 6,000 34,000 91,000 1,800 35,000 0 14,000 50,000 101,000 -10,000

1996 - 1997 4,000 6,700 5,300 42,100 7,600 1,200 2,000 6,000 33,000 108,000 1,800 34,000 0 17,000 51,000 104,000 4,000

1997 - 1998 25,000 27,100 2,900 28,200 11,700 1,200 3,000 7,000 37,000 143,000 1,800 56,000 0 14,000 48,000 120,000 23,000

1998 - 1999 0 200 2,700 26,600 10,300 1,200 2,000 6,000 37,000 86,000 1,900 48,000 0 14,000 47,000 111,000 -25,000

1999 - 2000 0 600 4,400 29,900 9,100 1,200 2,000 6,000 35,000 88,000 1,900 42,000 0 15,000 50,000 109,000 -21,000

2000 - 2001 0 300 600 26,800 11,300 1,200 6,000 6,000 36,000 88,000 1,900 53,000 0 17,000 50,000 122,000 -34,000

2001 - 2002 0 1,100 0 28,400 9,500 1,300 5,000 6,000 36,000 87,000 2,000 44,000 0 18,000 55,000 119,000 -32,000

2002 - 2003 0 600 0 23,800 7,500 1,300 4,000 6,000 34,000 77,000 2,000 43,000 0 15,000 52,000 112,000 -35,000

2003 - 2004 0 0 0 27,700 6,300 1,300 5,000 6,000 30,000 76,000 2,100 35,000 0 17,000 51,000 105,000 -29,000

2004 - 2005 1,000 1,300 100 23,700 6,900 1,400 4,000 6,000 33,000 77,000 2,100 39,000 0 16,000 49,000 106,000 -29,000

2005 - 2006 1,000 2,400 1,200 23,200 6,800 1,400 3,000 7,000 29,000 75,000 2,200 38,000 0 13,000 44,000 97,000 -22,000

2006 - 2007 0 0 100 15,800 12,400 1,500 18,000 7,000 32,000 87,000 2,200 77,000 0 14,000 40,000 133,000 -46,000

2007 - 2008 0 0 0 16,500 7,900 1,500 8,000 6,000 36,000 76,000 2,300 46,000 0 20,000 51,000 119,000 -43,000

2008 - 2009 0 0 2,500 19,500 7,900 1,500 10,000 6,000 35,000 82,000 2,400 47,000 600 21,000 54,000 125,000 -43,000

2009 - 2010 0 0 5,800 20,200 7,400 1,600 7,000 6,000 39,000 87,000 2,400 43,000 100 21,000 56,000 123,000 -36,000

2010 - 2011 5,000 6,500 9,400 22,100 6,300 1,600 5,000 6,000 33,000 95,000 2,500 36,000 0 18,000 52,000 109,000 -14,000

2011 - 2012 0 0 1,100 21,000 6,800 1,600 9,000 6,000 29,000 75,000 2,500 39,000 3,900 19,000 50,000 114,000 -39,000

2012 - 2013 0 0 0 16,300 10,400 1,700 18,000 6,000 31,000 83,000 2,600 64,000 6,000 17,000 49,000 139,000 -56,000

2013 - 2014 0 0 0 7,100 17,100 1,700 26,000 7,000 35,000 94,000 2,600 111,000 5,600 17,000 44,000 180,000 -86,000

2014 - 2015 0 0 0 2,700 19,700 1,700 20,000 7,000 38,000 89,000 2,700 129,000 1,200 15,000 40,000 188,000 -99,000

2015 - 2016 0 0 3,600 13,000 9,400 1,800 11,000 7,000 41,000 87,000 2,800 57,000 100 16,000 45,000 121,000 -34,000

2016 - 2017 0 10,200 16,400 23,100 6,000 1,800 6,000 6,000 37,000 107,000 2,800 34,000 0 16,000 51,000 104,000 3,000

86/87-16/17 Avg 2,000 2,000 2,200 22,500 9,900 1,400 8,000 6,000 32,000 86,000 2,100 53,000 600 17,000 49,000 122,000 -36,000

Cumulative Change in Storage  -1,109,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Imported Water 

Deliveries

Delano-Earlimart Irrigation District GSA

Historical Groundwater Budget 1986/87 to 2016/17

Agricultural

Release of Water 

from 

Compression of 

Aquitards

Groundwater Inflows (acre-ft) Groundwater Outflows (acre-ft)

Change in 

Storage (acre-

ft)

Total In Total Out
Municipal

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow

White

River

Agricultural

Pumping

Groundwater Pumping

Groundwater

Banking

Extraction

Municipal

Pumping

Sub-surface

Outflow
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Appendix C
Table 3a

Stream Inflow Imported Water

White River Delano-Earlimart ID Agricultural Municipal Water Bank

2017 - 2018 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2018 - 2019 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2019 - 2020 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2020 - 2021 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2021 - 2022 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2022 - 2023 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2023 - 2024 38,000 2,224 116,902 36,000 3,700 2,200 197,000

2024 - 2025 38,000 2,224 117,661 33,000 3,700 2,200 195,000

2025 - 2026 38,000 2,224 118,420 31,000 3,700 2,200 193,000

2026 - 2027 38,000 2,224 119,180 29,000 3,700 2,200 192,000

2027 - 2028 38,000 2,224 119,939 27,000 3,700 2,200 191,000

2028 - 2029 38,000 2,224 120,698 25,000 3,700 2,200 190,000

2029 - 2030 38,000 2,224 121,457 23,000 3,700 2,200 188,000

2030 - 2031 38,000 2,224 121,457 21,000 3,700 2,200 186,000

2031 - 2032 38,000 2,224 121,457 20,000 3,700 2,200 185,000

2032 - 2033 38,000 2,224 121,457 18,000 3,700 2,200 183,000

2033 - 2034 38,000 2,224 121,457 17,000 3,700 2,200 182,000

2034 - 2035 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2035 - 2036 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2036 - 2037 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2037 - 2038 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2038 - 2039 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2039 - 2040 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2040 - 2041 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2041 - 2042 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2042 - 2043 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2043 - 2044 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2044 - 2045 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2045 - 2046 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2046 - 2047 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2047 - 2048 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2048 - 2049 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2049 - 2050 38,000 2,224 121,457 15,000 3,700 2,200 180,000

2050 - 2051 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2051 - 2052 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2052 - 2053 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2053 - 2054 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2054 - 2055 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2055 - 2056 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2056 - 2057 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2057 - 2058 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2058 - 2059 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2059 - 2060 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2060 - 2061 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2061 - 2062 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2062 - 2063 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2063 - 2064 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2064 - 2065 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2065 - 2066 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2066 - 2067 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2067 - 2068 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2068 - 2069 38,000 2,152 112,046 25,000 3,700 2,200 181,000

2069 - 2070 38,000 2,152 112,046 25,000 3,700 2,200 181,000

17/18-69/70 Avg 38,000 2,200 117,100 23,000 3,700 2,200 184,000

Total In

Projected Future Delano-Earlimart Irrigation District GSA Surface Water Budget

Water Year Precipitation
Discharge from Wells

Surface Water Inflow (acre-ft)
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Tule Subbasin
Chapter 2 - Basin Setting

Appendix C
Table 3b

Streambed 

Infiltration

Recharge 

in Basins

Imported Water

Agricultural 

Cons. Use

2017 - 2018 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2018 - 2019 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2019 - 2020 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2020 - 2021 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2021 - 2022 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2022 - 2023 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2023 - 2024 2,000 2,200 2,200 21,400 6,300 2,400 36,000 95,500 29,000 1,300 198,000

2024 - 2025 2,000 2,200 2,200 21,500 5,900 2,400 36,000 96,100 28,000 1,300 198,000

2025 - 2026 2,000 2,200 2,200 21,600 5,500 2,400 36,000 96,800 26,000 1,300 196,000

2026 - 2027 2,000 2,200 2,200 21,700 5,100 2,400 36,000 97,400 24,000 1,300 194,000

2027 - 2028 2,000 2,200 2,200 21,800 4,700 2,400 36,000 98,100 22,000 1,300 193,000

2028 - 2029 2,000 2,200 2,200 22,000 4,200 2,400 36,000 98,700 20,000 1,300 191,000

2029 - 2030 2,000 2,200 2,200 22,100 3,800 2,400 36,000 99,400 19,000 1,300 190,000

2030 - 2031 2,000 2,200 2,200 22,100 3,500 2,400 36,000 99,400 18,000 1,300 189,000

2031 - 2032 2,000 2,200 2,200 22,100 3,200 2,400 36,000 99,400 16,000 1,300 187,000

2032 - 2033 2,000 2,200 2,200 22,100 2,900 2,400 36,000 99,400 15,000 1,300 186,000

2033 - 2034 2,000 2,200 2,200 22,100 2,600 2,400 36,000 99,400 14,000 1,300 184,000

2034 - 2035 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2035 - 2036 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2036 - 2037 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2037 - 2038 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2038 - 2039 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2039 - 2040 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2040 - 2041 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2041 - 2042 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2042 - 2043 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2043 - 2044 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2044 - 2045 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2045 - 2046 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2046 - 2047 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2047 - 2048 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2048 - 2049 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2049 - 2050 2,000 2,200 2,200 22,100 2,300 2,400 36,000 99,400 13,000 1,300 183,000

2050 - 2051 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2051 - 2052 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2052 - 2053 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2053 - 2054 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2054 - 2055 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2055 - 2056 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2056 - 2057 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2057 - 2058 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2058 - 2059 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2059 - 2060 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2060 - 2061 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2061 - 2062 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2062 - 2063 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2063 - 2064 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2064 - 2065 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2065 - 2066 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2066 - 2067 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2067 - 2068 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2068 - 2069 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

2069 - 2070 2,000 2,200 2,200 20,700 3,700 2,400 36,000 91,300 21,000 1,300 183,000

17/18-69/70 Avg 2,000 2,200 2,200 21,400 3,700 2,400 36,000 95,600 19,000 1,300 186,000

Surface Water Outflow (acre-ft)

Projected Future Delano-Earlimart Irrigation District GSA Surface Water Budget

Agricultural

Pumping

Municipal

Pumping

White

River

Imported

Water

Imported

Water

Total Out
Precipitation

Crops/Native

Water Year Ag. Cons. 

Use from 

Pumping

Municipal

(Landscape ET)

EvapotranspirationAreal

Recharge

of 

Precipitation

Deep Percolation of Applied Water
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Tule Subbasin
Chapter 2 - Basin Setting

Appendix C
Table 4

Streambed

Infiltration

Recharge 

in Basins

Return 

Flow
Return Flow Return Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

2017 - 2018 2,000 2,200 2,200 21,400 6,300 2,400 6,000 5,000 28,000 76,000 3,700 36,000 2,200 19,000 52,000 113,000 -37,000

2018 - 2019 2,000 2,200 2,200 21,400 6,300 2,400 7,000 5,000 28,000 77,000 3,700 36,000 2,200 19,000 50,000 111,000 -34,000

2019 - 2020 2,000 2,200 2,200 21,400 6,300 2,400 7,000 5,000 28,000 77,000 3,700 36,000 2,200 19,000 49,000 110,000 -33,000

2020 - 2021 2,000 2,200 2,200 21,400 6,300 2,400 7,000 5,000 28,000 77,000 3,700 36,000 2,200 19,000 48,000 109,000 -32,000

2021 - 2022 2,000 2,200 2,200 21,400 6,300 2,400 7,000 5,000 27,000 76,000 3,700 36,000 2,200 18,000 47,000 107,000 -31,000

2022 - 2023 2,000 2,200 2,200 21,400 6,300 2,400 7,000 5,000 26,000 75,000 3,700 36,000 2,200 18,000 45,000 105,000 -30,000

2023 - 2024 2,000 2,200 2,200 21,400 6,300 2,400 8,000 5,000 26,000 76,000 3,700 36,000 2,200 17,000 46,000 105,000 -29,000

2024 - 2025 2,000 2,200 2,200 21,500 5,900 2,400 7,000 5,000 25,000 73,000 3,700 33,000 2,200 17,000 43,000 99,000 -26,000

2025 - 2026 2,000 2,200 2,200 21,600 5,500 2,400 6,000 5,000 22,000 69,000 3,700 31,000 2,200 16,000 40,000 93,000 -24,000

2026 - 2027 2,000 2,200 2,200 21,700 5,100 2,400 6,000 5,000 20,000 67,000 3,700 29,000 2,200 16,000 39,000 90,000 -23,000

2027 - 2028 2,000 2,200 2,200 21,800 4,700 2,400 5,000 5,000 18,000 63,000 3,700 27,000 2,200 16,000 37,000 86,000 -23,000

2028 - 2029 2,000 2,200 2,200 22,000 4,200 2,400 5,000 5,000 16,000 61,000 3,700 25,000 2,200 15,000 36,000 82,000 -21,000

2029 - 2030 2,000 2,200 2,200 22,100 3,800 2,400 4,000 5,000 15,000 59,000 3,700 23,000 2,200 14,000 32,000 75,000 -16,000

2030 - 2031 2,000 2,200 2,200 22,100 3,500 2,400 4,000 5,000 14,000 57,000 3,700 21,000 2,200 14,000 31,000 72,000 -15,000

2031 - 2032 2,000 2,200 2,200 22,100 3,200 2,400 3,000 5,000 13,000 55,000 3,700 20,000 2,200 14,000 31,000 71,000 -16,000

2032 - 2033 2,000 2,200 2,200 22,100 2,900 2,400 3,000 4,000 12,000 53,000 3,700 18,000 2,200 13,000 30,000 67,000 -14,000

2033 - 2034 2,000 2,200 2,200 22,100 2,600 2,400 3,000 4,000 12,000 53,000 3,700 17,000 2,200 13,000 31,000 67,000 -14,000

2034 - 2035 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 12,000 52,000 3,700 15,000 2,200 13,000 29,000 63,000 -11,000

2035 - 2036 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 13,000 53,000 3,700 15,000 2,200 13,000 28,000 62,000 -9,000

2036 - 2037 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 13,000 53,000 3,700 15,000 2,200 13,000 28,000 62,000 -9,000

2037 - 2038 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 13,000 53,000 3,700 15,000 2,200 13,000 27,000 61,000 -8,000

2038 - 2039 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 14,000 54,000 3,700 15,000 2,200 13,000 27,000 61,000 -7,000

2039 - 2040 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 14,000 54,000 3,700 15,000 2,200 13,000 25,000 59,000 -5,000

2040 - 2041 2,000 2,200 2,200 22,100 2,300 2,400 2,000 5,000 14,000 54,000 3,700 15,000 2,200 12,000 25,000 58,000 -4,000

2041 - 2042 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 14,000 53,000 3,700 15,000 2,200 12,000 24,000 57,000 -4,000

2042 - 2043 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 14,000 53,000 3,700 15,000 2,200 12,000 24,000 57,000 -4,000

2043 - 2044 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 14,000 53,000 3,700 15,000 2,200 12,000 24,000 57,000 -4,000

2044 - 2045 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2045 - 2046 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2046 - 2047 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2047 - 2048 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2048 - 2049 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2049 - 2050 2,000 2,200 2,200 22,100 2,300 2,400 1,000 5,000 15,000 54,000 3,700 15,000 2,200 12,000 24,000 57,000 -3,000

2050 - 2051 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 16,000 56,000 3,700 25,000 2,200 11,000 23,000 65,000 -9,000

2051 - 2052 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 17,000 57,000 3,700 25,000 2,200 11,000 22,000 64,000 -7,000

2052 - 2053 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 17,000 57,000 3,700 25,000 2,200 11,000 22,000 64,000 -7,000

2053 - 2054 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 17,000 57,000 3,700 25,000 2,200 11,000 22,000 64,000 -7,000

2054 - 2055 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 17,000 57,000 3,700 25,000 2,200 11,000 22,000 64,000 -7,000

2055 - 2056 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 18,000 58,000 3,700 25,000 2,200 11,000 21,000 63,000 -5,000

2056 - 2057 2,000 2,200 2,200 20,700 3,700 2,400 2,000 5,000 18,000 58,000 3,700 25,000 2,200 11,000 21,000 63,000 -5,000

2057 - 2058 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 18,000 57,000 3,700 25,000 2,200 10,000 21,000 62,000 -5,000

2058 - 2059 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 18,000 57,000 3,700 25,000 2,200 10,000 21,000 62,000 -5,000

2059 - 2060 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 18,000 57,000 3,700 25,000 2,200 10,000 21,000 62,000 -5,000

2060 - 2061 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2061 - 2062 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2062 - 2063 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2063 - 2064 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2064 - 2065 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2065 - 2066 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2066 - 2067 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2067 - 2068 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2068 - 2069 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

2069 - 2070 2,000 2,200 2,200 20,700 3,700 2,400 1,000 5,000 19,000 58,000 3,700 25,000 2,200 10,000 21,000 62,000 -4,000

17/18-69/70 Avg 2,000 2,200 2,200 21,400 3,700 2,400 3,000 5,000 18,000 60,000 3,700 23,000 2,200 13,000 29,000 71,000 -11,000

Imported Water 

Deliveries

Projected Future Delano-Earlimart Irrigation District GSA Groundwater Budget

Agricultural

Release of 

Water from 

Compression of 

Aquitards

Groundwater Inflows (acre-ft) Groundwater Outflows (acre-ft)

Change in 

Storage (acre-

ft)

Total In Total Out
Municipal

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow

White

River

Agricultural

Pumping

Groundwater Pumping

Groundwater

Banking

Extraction

Municipal

Pumping

Sub-surface

Outflow
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Tule Subbasin Appendix C
Chapter 2 - Basin Setting Table 5

2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

D0012_B_RMS 267.1 266.8 263.3 262.1

D0030_B_RMS 272.8 272.3 270.3 269.2

D0031_B_RMS 296.7 296.2 294.9 293.9

D0032_B_RMS 316.7 316.6 316.7 315.7

D0033_B_RMS 366.1 365.6 365.1 364.0

D0034_B_RMS 340.8 340.0 338.8 337.8

D0070_B_FKC 389.4 389.0 389.2 388.2

D0071_B_FKC N/A N/A N/A N/A

D0072_B_FKC N/A N/A N/A N/A

D0073_G_FKC 406.2 405.9 405.0 404.0

D0074_B_FKC 415.5 415.3 413.8 412.8

D0075_B_FKC 403.2 402.9 401.7 400.7

D0076_B_FKC 408.9 408.2 408.4 407.4

D0077_B_FKC 401.9 401.6 401.4 400.4

D0078_B_FKC 406.1 405.6 405.6 404.6

D0079_G_FKC 407.1 407.4 406.9 405.9

D0080_B_FKC 433.1 432.9 432.5 431.5

D0081_B_FKC 399.5 399.4 399.3 398.3

D0082_B_FKC 423.4 423.4 423.1 422.1

D0083_B_FKC 419.5 419.4 418.8 417.8

D0084_B_FKC 407.3 407.0 405.9 404.9

D0085_B_RMS 480.6 480.5 480.6 479.6

D0086_B_RMS 447.7 447.3 447.7 446.2

D0089_B_RMS 498.2 498.1 497.3 496.3

Notes:

N/A = Not available
1

Benchmarks surveyed in July and August of each year.

Land Surface Elevation (ft amsl)
1

Site

Delano-Earlimart Irrigation District GSA

Land Surface Elevations at Representative Monitoring Sites

July 2022
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Appendix C
Figure 1

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs
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Figure 2

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs
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data updated
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Figure 3

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

data updated

no spring data
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Figure 4

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

no spring data

data updated
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Figure 5

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

no spring data

data updated

no spring data
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Figure 6

Delano-Earlimart Irrigation District GSA 

RMS Groundwater Elevation Hydrographs

data updated

no fall data

data updated

no fall data
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Table 1a

Stream Inflow

Deer Creek Pixley ID Agricultural Municipal

1986 - 1987 28,000 0 9,356 153,000 700 191,000

1987 - 1988 40,000 0 0 154,000 700 195,000

1988 - 1989 32,000 0 5,289 150,000 700 188,000

1989 - 1990 31,000 0 0 174,000 700 206,000

1990 - 1991 42,000 0 0 177,000 700 220,000

1991 - 1992 36,000 0 0 167,000 700 204,000

1992 - 1993 58,000 0 96,890 112,000 700 268,000

1993 - 1994 37,000 0 7,793 177,000 700 222,000

1994 - 1995 77,000 10,445 55,365 148,000 700 292,000

1995 - 1996 41,000 8,989 60,931 120,000 700 232,000

1996 - 1997 57,000 13,322 37,048 143,000 700 251,000

1997 - 1998 92,000 74,587 41,823 138,000 700 347,000

1998 - 1999 47,000 4,770 34,736 156,000 700 243,000

1999 - 2000 45,000 4,791 40,076 160,000 700 251,000

2000 - 2001 33,000 0 9,098 159,000 700 202,000

2001 - 2002 32,000 0 13,588 150,000 800 196,000

2002 - 2003 31,000 1,697 32,195 131,000 800 197,000

2003 - 2004 26,000 0 9,839 137,000 800 174,000

2004 - 2005 50,000 7,994 59,211 104,000 800 222,000

2005 - 2006 51,000 9,156 60,634 132,000 900 254,000

2006 - 2007 21,000 0 7,200 143,000 900 172,000

2007 - 2008 24,000 0 12,243 126,000 900 163,000

2008 - 2009 26,000 0 23,620 142,000 900 193,000

2009 - 2010 41,000 0 32,972 115,000 900 190,000

2010 - 2011 61,000 20,157 48,391 132,000 1,000 263,000

2011 - 2012 38,000 0 5,914 179,000 1,000 224,000

2012 - 2013 18,000 0 5,012 179,000 1,000 203,000

2013 - 2014 12,000 0 0 184,000 1,000 197,000

2014 - 2015 18,000 0 0 184,000 1,000 203,000

2015 - 2016 27,000 0 3,442 119,000 1,100 151,000

2016 - 2017 29,000 13,754 82,363 92,000 1,100 218,000

86/87-16/17 Avg 39,000 5,500 25,600 146,000 800 217,000

Pixley Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Total In

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells

Page 1 of 1 July 2022
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Table 1b

Streambed Infiltration Surface Outflow

Deer Creek Deer Creek Imported Water

Trenton Weir to 

Homeland Canal 

Infiltration

Agricultural 

Cons. Use

Agricultural 

Cons. Use

1986 - 1987 0 0 0 8,200 0 0 0 300 38,900 500 28,000 0 900 114,000 200 0 191,000

1987 - 1988 0 0 0 0 0 0 0 0 39,200 500 40,000 0 0 115,000 200 0 195,000

1988 - 1989 0 0 0 1,700 0 0 0 900 38,300 500 32,000 0 2,700 112,000 200 0 188,000

1989 - 1990 0 0 0 0 0 0 0 0 44,400 500 31,000 0 0 130,000 200 0 206,000

1990 - 1991 0 0 0 0 0 0 0 0 45,000 500 42,000 0 0 132,000 300 0 220,000

1991 - 1992 0 0 0 0 0 0 0 0 42,500 500 36,000 0 0 124,000 300 0 203,000

1992 - 1993 3,000 0 0 43,400 0 0 0 13,600 28,400 500 56,000 0 39,900 83,000 300 0 268,000

1993 - 1994 0 0 0 7,800 0 0 0 0 45,100 500 37,000 0 0 132,000 300 0 223,000

1994 - 1995 13,000 1,000 3,800 19,700 1,800 5,900 1,000 7,600 37,800 500 64,000 2,900 22,200 111,000 300 0 293,000

1995 - 1996 0 700 2,800 18,100 700 4,500 1,200 9,800 30,700 500 41,000 3,600 28,600 90,000 300 0 233,000

1996 - 1997 2,000 1,800 6,900 12,900 1,900 1,900 700 5,700 36,500 500 55,000 2,000 16,600 107,000 300 0 252,000

1997 - 1998 23,000 12,700 48,800 14,900 900 2,400 3,100 6,200 35,300 500 69,000 9,100 18,200 103,000 300 0 347,000

1998 - 1999 0 600 2,500 12,300 400 1,200 300 5,400 39,700 500 47,000 1,000 15,800 116,000 300 0 243,000

1999 - 2000 0 600 2,400 13,000 500 700 300 6,700 40,800 500 45,000 900 19,600 119,000 300 0 250,000

2000 - 2001 0 0 0 2,600 0 100 0 1,600 40,500 500 33,000 0 4,800 119,000 300 0 202,000

2001 - 2002 0 0 0 4,000 0 0 0 2,400 38,300 500 32,000 0 7,100 112,000 300 0 197,000

2002 - 2003 0 100 400 10,900 300 1,700 200 4,400 29,500 500 31,000 700 15,200 102,000 300 0 197,000

2003 - 2004 0 0 0 3,000 0 0 0 1,500 30,500 500 26,000 0 5,300 107,000 300 0 174,000

2004 - 2005 0 400 1,500 14,900 2,900 8,400 700 8,000 23,200 500 50,000 2,500 27,900 81,000 300 0 222,000

2005 - 2006 0 900 3,400 15,400 3,200 8,500 400 8,200 29,300 600 50,000 1,300 28,500 102,000 300 0 252,000

2006 - 2007 0 0 0 2,800 0 0 0 1,000 31,800 600 21,000 0 3,500 111,000 300 0 172,000

2007 - 2008 0 0 0 3,800 0 1,000 0 1,700 28,100 600 24,000 0 5,800 98,000 300 0 163,000

2008 - 2009 0 0 0 7,400 0 1,300 0 3,300 31,700 600 26,000 0 11,600 111,000 300 0 193,000

2009 - 2010 0 0 0 11,000 0 9,000 0 3,700 25,600 600 41,000 0 12,900 89,000 300 0 193,000

2010 - 2011 4,000 1,300 5,000 9,200 9,700 8,500 1,400 7,000 29,300 600 57,000 4,700 24,300 102,000 300 0 264,000

2011 - 2012 0 0 0 1,800 0 1,800 0 500 39,900 600 38,000 0 1,800 139,000 300 0 224,000

2012 - 2013 0 0 0 1,700 0 100 0 700 39,900 600 18,000 0 2,500 139,000 400 0 203,000

2013 - 2014 0 0 0 0 0 0 0 0 41,000 700 12,000 0 0 143,000 400 0 197,000

2014 - 2015 0 0 0 0 0 0 0 0 41,000 700 18,000 0 0 143,000 400 0 203,000

2015 - 2016 0 0 0 1,200 0 100 0 500 26,500 700 27,000 0 1,700 92,000 400 0 150,000

2016 - 2017 0 800 3,100 20,600 3,700 10,600 1,400 11,400 20,600 700 29,000 4,800 39,800 72,000 400 0 219,000

86/87-16/17 Avg 1,000 700 2,600 8,500 800 2,200 300 3,600 35,100 600 37,000 1,100 11,500 111,000 300 0 216,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Imported

Water

Imported

Water

Imported

Water

Evapotranspiration

Surface Water Outflow (acre-ft)

Pixley Irrigation District GSA

Historical Surface Water Budget 1986/87 to 2016/17

Water Year Deer

Creek

Deer

Creek

Deer

Creek
Deer Creek

Areal

Recharge

of 

Precipitation

Canal Loss Recharge in Basins Deep Percolation of Applied Water

Total OutPrecipitation

Crops/Native

Ag. Cons. 

Use from 

Pumping

Municipal

(Landscape 

ET)

Agricultural

Pumping

Municipal

Pumping
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Table 2

Return

Flow

Return

Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To 

Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 0 0 0 0 8,200 0 300 38,900 500 23,000 0 136,000 207,000 700 153,000 0 54,000 208,000 -1,000

1987 - 1988 0 0 0 0 0 0 0 0 39,200 500 21,000 0 131,000 192,000 700 154,000 0 62,000 217,000 -25,000

1988 - 1989 0 0 0 0 0 1,700 0 900 38,300 500 22,000 0 128,000 191,000 700 150,000 0 64,000 215,000 -24,000

1989 - 1990 0 0 0 0 0 0 0 0 44,400 500 39,000 0 124,000 208,000 700 174,000 0 60,000 235,000 -27,000

1990 - 1991 0 0 0 0 0 0 0 0 45,000 500 39,000 0 134,000 219,000 700 177,000 0 65,000 243,000 -24,000

1991 - 1992 0 0 0 0 0 0 0 0 42,500 500 39,000 0 132,000 214,000 700 167,000 0 70,000 238,000 -24,000

1992 - 1993 3,000 0 0 0 0 43,400 0 13,600 28,400 500 4,000 0 144,000 237,000 700 112,000 0 78,000 191,000 46,000

1993 - 1994 0 0 0 0 0 7,800 0 0 45,100 500 20,000 0 135,000 208,000 700 177,000 0 62,000 240,000 -32,000

1994 - 1995 13,000 1,000 3,800 1,800 1,000 19,700 5,900 7,600 37,800 500 4,000 0 146,000 242,000 700 148,000 0 62,000 211,000 31,000

1995 - 1996 0 700 2,800 700 1,200 18,100 4,500 9,800 30,700 500 1,000 0 144,000 214,000 700 120,000 0 72,000 193,000 21,000

1996 - 1997 2,000 1,800 6,900 1,900 700 12,900 1,900 5,700 36,500 500 3,000 0 154,000 228,000 700 143,000 0 72,000 216,000 12,000

1997 - 1998 23,000 12,700 48,800 900 3,100 14,900 2,400 6,200 35,300 500 0 0 150,000 298,000 700 138,000 0 81,000 220,000 78,000

1998 - 1999 0 600 2,500 400 300 12,300 1,200 5,400 39,700 500 2,000 0 159,000 224,000 700 156,000 0 82,000 239,000 -15,000

1999 - 2000 0 600 2,400 500 300 13,000 700 6,700 40,800 500 3,000 0 156,000 225,000 700 160,000 0 79,000 240,000 -15,000

2000 - 2001 0 0 0 0 0 2,600 100 1,600 40,500 500 8,000 0 147,000 200,000 700 159,000 0 82,000 242,000 -42,000

2001 - 2002 0 0 0 0 0 4,000 0 2,400 38,300 500 14,000 0 144,000 203,000 800 150,000 0 85,000 236,000 -33,000

2002 - 2003 0 100 400 300 200 10,900 1,700 4,400 29,500 500 7,000 0 146,000 201,000 800 131,000 0 82,000 214,000 -13,000

2003 - 2004 0 0 0 0 0 3,000 0 1,500 30,500 500 17,000 0 130,000 183,000 800 137,000 0 68,000 206,000 -23,000

2004 - 2005 0 400 1,500 2,900 700 14,900 8,400 8,000 23,200 500 1,000 0 129,000 191,000 800 104,000 0 67,000 172,000 19,000

2005 - 2006 0 900 3,400 3,200 400 15,400 8,500 8,200 29,300 600 1,000 0 138,000 209,000 900 132,000 0 58,000 191,000 18,000

2006 - 2007 0 0 0 0 0 2,800 0 1,000 31,800 600 14,000 0 115,000 165,000 900 143,000 0 61,000 205,000 -40,000

2007 - 2008 0 0 0 0 0 3,800 1,000 1,700 28,100 600 23,000 0 122,000 180,000 900 126,000 0 82,000 209,000 -29,000

2008 - 2009 0 0 0 0 0 7,400 1,300 3,300 31,700 600 33,000 0 128,000 205,000 900 142,000 0 86,000 229,000 -24,000

2009 - 2010 0 0 0 0 0 11,000 9,000 3,700 25,600 600 14,000 0 143,000 207,000 900 115,000 0 94,000 210,000 -3,000

2010 - 2011 4,000 1,300 5,000 9,700 1,400 9,200 8,500 7,000 29,300 600 7,000 0 146,000 229,000 1,000 132,000 0 77,000 210,000 19,000

2011 - 2012 0 0 0 0 0 1,800 1,800 500 39,900 600 27,000 0 141,000 213,000 1,000 179,000 0 71,000 251,000 -38,000

2012 - 2013 0 0 0 0 0 1,700 100 700 39,900 600 40,000 0 126,000 209,000 1,000 179,000 0 70,000 250,000 -41,000

2013 - 2014 0 0 0 0 0 0 0 0 41,000 700 45,000 0 116,000 203,000 1,000 184,000 0 68,000 253,000 -50,000

2014 - 2015 0 0 0 0 0 0 0 0 41,000 700 47,000 0 115,000 204,000 1,000 184,000 0 69,000 254,000 -50,000

2015 - 2016 0 0 0 0 0 1,200 100 500 26,500 700 35,000 0 115,000 179,000 1,100 119,000 0 79,000 199,000 -20,000

2016 - 2017 0 800 3,100 3,700 1,400 20,600 10,600 11,400 20,600 700 11,000 0 130,000 214,000 1,100 92,000 0 78,000 171,000 43,000

86/87-16/17 Avg 1,000 700 2,600 800 300 8,500 2,200 3,600 35,100 600 18,000 0 136,000 209,000 800 146,000 0 72,000 219,000 -10,000

Cumulative Change in Storage  -306,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Groundwater Outflows (acre-ft)

Change in 

Storage 

(acre-ft)

Pixley Irrigation District GSA

Historical Groundwater Budget 1986/87 to 2016/17

Imported Water Deliveries
Release of 

Water from 

Compression of 

Aquitards

Water Year

Areal

Recharge

from

Precipitation

Native Deer Creek Sub-surface

Inflow

Groundwater Pumping

Total Out
Municipal Agricultural

Sub-surface

Outflow

Groundwater Inflows (acre-ft)

Trenton Weir 

to Homeland 

Canal 

Infiltration

Canal

Loss

Recharge

in Basins

Total InReturn

Flow

Canal

Loss

Recharge

in Basins

Return

Flow

Agricultural

Pumping

Municipal

Pumping

Page 1 of 1 July 2022



Tule Subbasin
Chapter 2 - Basin Setting

Appendix D
Table 3a

Stream Inflow

Deer Creek Pixley ID Agricultural Municipal

2017 - 2018 39,000 6,678 31,763 130,000 1,100 209,000

2018 - 2019 39,000 6,678 31,763 130,000 1,100 209,000

2019 - 2020 39,000 6,678 31,763 119,000 1,100 198,000

2020 - 2021 39,000 6,678 31,763 119,000 1,100 198,000

2021 - 2022 39,000 6,678 31,763 119,000 1,100 198,000

2022 - 2023 39,000 6,678 31,763 119,000 1,100 198,000

2023 - 2024 39,000 6,678 31,763 119,000 1,100 198,000

2024 - 2025 39,000 6,678 31,763 108,000 1,100 187,000

2025 - 2026 39,000 6,678 31,763 108,000 1,100 187,000

2026 - 2027 39,000 6,678 31,763 108,000 1,100 187,000

2027 - 2028 39,000 6,678 31,763 108,000 1,100 187,000

2028 - 2029 39,000 6,678 31,763 108,000 1,100 187,000

2029 - 2030 39,000 6,678 31,763 97,000 1,100 176,000

2030 - 2031 39,000 6,678 31,763 97,000 1,100 176,000

2031 - 2032 39,000 6,678 31,763 97,000 1,100 176,000

2032 - 2033 39,000 6,678 31,763 97,000 1,100 176,000

2033 - 2034 39,000 6,678 31,763 97,000 1,100 176,000

2034 - 2035 39,000 6,678 31,763 67,000 1,100 146,000

2035 - 2036 39,000 6,678 31,763 67,000 1,100 146,000

2036 - 2037 39,000 6,678 31,763 67,000 1,100 146,000

2037 - 2038 39,000 6,678 31,763 67,000 1,100 146,000

2038 - 2039 39,000 6,678 31,763 67,000 1,100 146,000

2039 - 2040 39,000 6,678 31,763 45,000 1,100 124,000

2040 - 2041 39,000 6,678 31,763 45,000 1,100 124,000

2041 - 2042 39,000 6,678 31,763 45,000 1,100 124,000

2042 - 2043 39,000 6,678 31,763 45,000 1,100 124,000

2043 - 2044 39,000 6,678 31,763 45,000 1,100 124,000

2044 - 2045 39,000 6,678 31,763 45,000 1,100 124,000

2045 - 2046 39,000 6,678 31,763 45,000 1,100 124,000

2046 - 2047 39,000 6,678 31,763 45,000 1,100 124,000

2047 - 2048 39,000 6,678 31,763 45,000 1,100 124,000

2048 - 2049 39,000 6,678 31,763 45,000 1,100 124,000

2049 - 2050 39,000 6,678 31,763 45,000 1,100 124,000

2050 - 2051 39,000 6,517 31,763 45,000 1,100 123,000

2051 - 2052 39,000 6,517 31,763 45,000 1,100 123,000

2052 - 2053 39,000 6,517 31,763 45,000 1,100 123,000

2053 - 2054 39,000 6,517 31,763 45,000 1,100 123,000

2054 - 2055 39,000 6,517 31,763 45,000 1,100 123,000

2055 - 2056 39,000 6,517 31,763 45,000 1,100 123,000

2056 - 2057 39,000 6,517 31,763 45,000 1,100 123,000

2057 - 2058 39,000 6,517 31,763 45,000 1,100 123,000

2058 - 2059 39,000 6,517 31,763 45,000 1,100 123,000

2059 - 2060 39,000 6,517 31,763 45,000 1,100 123,000

2060 - 2061 39,000 6,517 31,763 45,000 1,100 123,000

2061 - 2062 39,000 6,517 31,763 45,000 1,100 123,000

2062 - 2063 39,000 6,517 31,763 45,000 1,100 123,000

2063 - 2064 39,000 6,517 31,763 45,000 1,100 123,000

2064 - 2065 39,000 6,517 31,763 45,000 1,100 123,000

2065 - 2066 39,000 6,517 31,763 45,000 1,100 123,000

2066 - 2067 39,000 6,517 31,763 45,000 1,100 123,000

2067 - 2068 39,000 6,517 31,763 45,000 1,100 123,000

2068 - 2069 39,000 6,517 31,763 45,000 1,100 123,000

2069 - 2070 39,000 6,517 31,763 45,000 1,100 123,000

17/18-69/70 Avg 39,000 6,600 31,800 68,000 1,100 147,000

Projected Future Pixley Irrigation District GSA Surface Water Budget

Total In

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells
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Table 3b

Streambed Infiltration Surface Outflow

Deer Creek Deer Creek Imported Water

Trenton Weir to 

Homeland Canal 

Infiltration

Agricultural 

Cons. Use

Agricultural 

Cons. Use

2017 - 2018 1,000 600 2,100 12,700 500 2,300 800 3,700 28,900 700 37,000 2,700 13,000 101,000 400 0 207,000

2018 - 2019 1,000 600 2,100 12,700 500 2,300 800 3,700 28,900 700 37,000 2,700 13,000 101,000 400 0 207,000

2019 - 2020 1,000 600 2,100 12,700 500 2,300 800 3,700 26,400 700 37,000 2,700 13,000 92,000 400 0 196,000

2020 - 2021 1,000 600 2,100 12,700 500 2,300 800 3,700 26,400 700 37,000 2,700 13,000 92,000 400 0 196,000

2021 - 2022 1,000 600 2,100 12,700 500 2,300 800 3,700 26,400 700 37,000 2,700 13,000 92,000 400 0 196,000

2022 - 2023 1,000 600 2,100 12,700 500 2,300 800 3,700 26,400 700 37,000 2,700 13,000 92,000 400 0 196,000

2023 - 2024 1,000 600 2,100 12,700 500 2,300 800 3,700 26,400 700 37,000 2,700 13,000 92,000 400 0 196,000

2024 - 2025 1,000 600 2,100 12,700 500 2,300 800 3,700 24,000 700 37,000 2,700 13,000 84,000 400 0 186,000

2025 - 2026 1,000 600 2,100 12,700 500 2,300 800 3,700 24,000 700 37,000 2,700 13,000 84,000 400 0 186,000

2026 - 2027 1,000 600 2,100 12,700 500 2,300 800 3,700 24,000 700 37,000 2,700 13,000 84,000 400 0 186,000

2027 - 2028 1,000 600 2,100 12,700 500 2,300 800 3,700 24,000 700 37,000 2,700 13,000 84,000 400 0 186,000

2028 - 2029 1,000 600 2,100 12,700 500 2,300 800 3,700 24,000 700 37,000 2,700 13,000 84,000 400 0 186,000

2029 - 2030 1,000 600 2,100 12,700 500 2,300 800 3,700 21,500 700 37,000 2,700 13,000 75,000 400 0 174,000

2030 - 2031 1,000 600 2,100 12,700 500 2,300 800 3,700 21,500 700 37,000 2,700 13,000 75,000 400 0 174,000

2031 - 2032 1,000 600 2,100 12,700 500 2,300 800 3,700 21,500 700 37,000 2,700 13,000 75,000 400 0 174,000

2032 - 2033 1,000 600 2,100 12,700 500 2,300 800 3,700 21,500 700 37,000 2,700 13,000 75,000 400 0 174,000

2033 - 2034 1,000 600 2,100 12,700 500 2,300 800 3,700 21,500 700 37,000 2,700 13,000 75,000 400 0 174,000

2034 - 2035 1,000 600 2,100 12,700 500 2,300 800 3,700 15,000 700 37,000 2,700 13,000 52,000 400 0 145,000

2035 - 2036 1,000 600 2,100 12,700 500 2,300 800 3,700 15,000 700 37,000 2,700 13,000 52,000 400 0 145,000

2036 - 2037 1,000 600 2,100 12,700 500 2,300 800 3,700 15,000 700 37,000 2,700 13,000 52,000 400 0 145,000

2037 - 2038 1,000 600 2,100 12,700 500 2,300 800 3,700 15,000 700 37,000 2,700 13,000 52,000 400 0 145,000

2038 - 2039 1,000 600 2,100 12,700 500 2,300 800 3,700 15,000 700 37,000 2,700 13,000 52,000 400 0 145,000

2039 - 2040 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2040 - 2041 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2041 - 2042 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2042 - 2043 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2043 - 2044 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2044 - 2045 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2045 - 2046 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2046 - 2047 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2047 - 2048 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2048 - 2049 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2049 - 2050 1,000 600 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 123,000

2050 - 2051 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2051 - 2052 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2052 - 2053 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2053 - 2054 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2054 - 2055 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2055 - 2056 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2056 - 2057 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2057 - 2058 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2058 - 2059 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2059 - 2060 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2060 - 2061 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2061 - 2062 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2062 - 2063 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2063 - 2064 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2064 - 2065 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2065 - 2066 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2066 - 2067 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2067 - 2068 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2068 - 2069 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

2069 - 2070 1,000 500 2,100 12,700 500 2,300 800 3,700 10,000 700 37,000 2,700 13,000 35,000 400 0 122,000

17/18-69/70 Avg 1,000 600 2,100 12,700 500 2,300 800 3,700 15,100 700 37,000 2,700 13,000 53,000 400 0 146,000

Imported

Water

Imported

Water

Imported

Water

Evapotranspiration

Surface Water Outflow (acre-ft)

Projected Future Pixley Irrigation District GSA Surface Water Budget

Water Year Deer

Creek

Deer

Creek

Deer

Creek
Deer Creek

Areal

Recharge

of 

Precipitation

Canal Loss Recharge in Basins Deep Percolation of Applied Water

Total OutPrecipitation

Crops/Native

Ag. Cons. 

Use from 

Pumping

Municipal

(Landscape 

ET)

Agricultural

Pumping

Municipal
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Tule Subbasin
Chapter 2 - Basin Setting

Appendix D
Table 4

Return

Flow

Return

Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To 

Outside 

Subbasin

To Other 

GSAs

2017 - 2018 1,000 600 2,100 500 800 12,700 2,300 3,700 28,900 700 9,000 0 123,000 185,000 1,100 130,000 0 70,000 201,000 -16,000

2018 - 2019 1,000 600 2,100 500 800 12,700 2,300 3,700 28,900 700 11,000 0 121,000 185,000 1,100 130,000 0 69,000 200,000 -15,000

2019 - 2020 1,000 600 2,100 500 800 12,700 2,300 3,700 26,400 700 12,000 0 116,000 179,000 1,100 119,000 0 70,000 190,000 -11,000

2020 - 2021 1,000 600 2,100 500 800 12,700 2,300 3,700 26,400 700 13,000 0 114,000 178,000 1,100 119,000 0 69,000 189,000 -11,000

2021 - 2022 1,000 600 2,100 500 800 12,700 2,300 3,700 26,400 700 14,000 0 112,000 177,000 1,100 119,000 0 69,000 189,000 -12,000

2022 - 2023 1,000 600 2,100 500 800 12,700 2,300 3,700 26,400 700 15,000 0 111,000 177,000 1,100 119,000 0 68,000 188,000 -11,000

2023 - 2024 1,000 600 2,100 500 800 12,700 2,300 3,700 26,400 700 16,000 0 110,000 177,000 1,100 119,000 0 69,000 189,000 -12,000

2024 - 2025 1,000 600 2,100 500 800 12,700 2,300 3,700 24,000 700 14,000 0 104,000 166,000 1,100 108,000 0 68,000 177,000 -11,000

2025 - 2026 1,000 600 2,100 500 800 12,700 2,300 3,700 24,000 700 13,000 0 102,000 163,000 1,100 108,000 0 65,000 174,000 -11,000

2026 - 2027 1,000 600 2,100 500 800 12,700 2,300 3,700 24,000 700 13,000 0 99,000 160,000 1,100 108,000 0 63,000 172,000 -12,000

2027 - 2028 1,000 600 2,100 500 800 12,700 2,300 3,700 24,000 700 13,000 0 98,000 159,000 1,100 108,000 0 61,000 170,000 -11,000

2028 - 2029 1,000 600 2,100 500 800 12,700 2,300 3,700 24,000 700 13,000 0 95,000 156,000 1,100 108,000 0 59,000 168,000 -12,000

2029 - 2030 1,000 600 2,100 500 800 12,700 2,300 3,700 21,500 700 11,000 0 90,000 147,000 1,100 97,000 0 58,000 156,000 -9,000

2030 - 2031 1,000 600 2,100 500 800 12,700 2,300 3,700 21,500 700 11,000 0 89,000 146,000 1,100 97,000 0 57,000 155,000 -9,000

2031 - 2032 1,000 600 2,100 500 800 12,700 2,300 3,700 21,500 700 11,000 0 88,000 145,000 1,100 97,000 0 56,000 154,000 -9,000

2032 - 2033 1,000 600 2,100 500 800 12,700 2,300 3,700 21,500 700 11,000 0 87,000 144,000 1,100 97,000 0 55,000 153,000 -9,000

2033 - 2034 1,000 600 2,100 500 800 12,700 2,300 3,700 21,500 700 11,000 0 87,000 144,000 1,100 97,000 0 55,000 153,000 -9,000

2034 - 2035 1,000 600 2,100 500 800 12,700 2,300 3,700 15,000 700 7,000 0 78,000 124,000 1,100 67,000 0 57,000 125,000 -1,000

2035 - 2036 1,000 600 2,100 500 800 12,700 2,300 3,700 15,000 700 6,000 0 77,000 122,000 1,100 67,000 0 56,000 124,000 -2,000

2036 - 2037 1,000 600 2,100 500 800 12,700 2,300 3,700 15,000 700 6,000 0 76,000 121,000 1,100 67,000 0 56,000 124,000 -3,000

2037 - 2038 1,000 600 2,100 500 800 12,700 2,300 3,700 15,000 700 6,000 0 75,000 120,000 1,100 67,000 0 55,000 123,000 -3,000

2038 - 2039 1,000 600 2,100 500 800 12,700 2,300 3,700 15,000 700 6,000 0 75,000 120,000 1,100 67,000 0 55,000 123,000 -3,000

2039 - 2040 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 70,000 107,000 1,100 45,000 0 57,000 103,000 4,000

2040 - 2041 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 68,000 105,000 1,100 45,000 0 56,000 102,000 3,000

2041 - 2042 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 67,000 104,000 1,100 45,000 0 56,000 102,000 2,000

2042 - 2043 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 67,000 104,000 1,100 45,000 0 56,000 102,000 2,000

2043 - 2044 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 66,000 103,000 1,100 45,000 0 56,000 102,000 1,000

2044 - 2045 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 66,000 103,000 1,100 45,000 0 56,000 102,000 1,000

2045 - 2046 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 3,000 0 65,000 102,000 1,100 45,000 0 55,000 101,000 1,000

2046 - 2047 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2047 - 2048 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2048 - 2049 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2049 - 2050 1,000 600 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2050 - 2051 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2051 - 2052 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2052 - 2053 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2053 - 2054 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2054 - 2055 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2055 - 2056 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 65,000 101,000 1,100 45,000 0 55,000 101,000 0

2056 - 2057 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2057 - 2058 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2058 - 2059 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2059 - 2060 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2060 - 2061 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2061 - 2062 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2062 - 2063 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2063 - 2064 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2064 - 2065 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2065 - 2066 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2066 - 2067 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2067 - 2068 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2068 - 2069 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

2069 - 2070 1,000 500 2,100 500 800 12,700 2,300 3,700 10,000 700 2,000 0 64,000 100,000 1,100 45,000 0 54,000 100,000 0

17/18-69/70 Avg 1,000 600 2,100 500 800 12,700 2,300 3,700 15,100 700 6,000 0 78,000 124,000 1,100 68,000 0 58,000 127,000 -3,000

Trenton Weir 

to Homeland 

Canal 

Infiltration

Canal

Loss

Recharge

in Basins

Total InReturn

Flow

Canal

Loss

Recharge

in Basins

Return

Flow

Agricultural

Pumping

Municipal

Pumping

Groundwater Outflows (acre-ft)

Change in 

Storage 

(acre-ft)

Projected Future Pixley Irrigation District GSA Groundwater Budget

Imported Water Deliveries
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Groundwater Pumping
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Tule Subbasin Appendix D
Chapter 2 - Basin Setting Table 5

2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

P0007_B_RMS 210.0 209.3 203.4 200.6

P0008_B_RMS 229.1 228.6 225.8 223.7

P0009_B_RMS 205.2 204.5 197.8 195.2

P0010_B_RMS 202.4 201.9 195.9 192.8

P0011_B_RMS 218.5 217.8 212.4 210.0

P0025_B_RMS 273.4 273.0 270.6 269.6

P0026_B_RMS 277.2 276.4 276.0 274.9

P0027_B_RMS 255.3 254.8 253.1 252.1

P0028_B_RMS 278.0 277.4 276.9 275.9

P0029_B_RMS 283.5 283.5 282.2 280.9

P0036_B_RMS 323.6 323.1 322.1 321.1

P0037_B_RMS 324.6 324.1 323.0 322.0

P0090_B_RMS N/A 386 N/A N/A

P0091_B_RMS N/A 225 N/A N/A

P0093_B_RMS N/A 350 N/A N/A

P0094_B_RMS N/A 311 N/A N/A

Note:

N/A = Not available
1

Benchmarks surveyed in July and August of each year.

Site
Land Surface Elevation (ft amsl)

1

Pixley Irrigation District GSA

Land Surface Elevations at Representative Monitoring Sites

July 2022
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Figure 1

Pixley Irrigation District GSA

RMS Groundwater Elevation Hydrographs
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Figure 2

Pixley Irrigation District GSA

RMS Groundwater Elevation Hydrographs
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Figure 3

Pixley Irrigation District GSA

RMS Groundwater Elevation Hydrographs

data updated

data updated

no spring data

-200

-150

-100

-50

0

50

100

150

200

250

300

G
ro

u
n

d
w

at
e

r 
El

e
va

ti
o

n
 (

ft
 a

m
sl

)

23S/25E-16N04 (Upper)
Pixley ID GSA

Measured Minimum Threshold Interim Milestone/Measurable Objective

Minimum Threshold: 14

2035:
63

2030:
59

2025:
65 2040:

62

Oct 2021
-75

-200

-150

-100

-50

0

50

100

150

200

250

300

G
ro

u
n

d
w

at
e

r 
El

e
va

ti
o

n
 (

ft
 a

m
sl

)

TSS PIDGSA-01 U (Upper)
Pixley ID GSA

Measured

Nov 2021
141

July 2022



Tule Subbasin
Chapter 2 - Basin Setting

Appendix D
Figure 4

Pixley Irrigation District GSA

RMS Groundwater Elevation Hydrographs

data updated
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Figure 5

Pixley Irrigation District GSA

RMS Groundwater Elevation Hydrographs

data updated
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Appendix E 

Tri-County Water Authority GSA 

Water Budgets, Land Surface Elevations at Representative 

Monitoring Sites, and RMS Groundwater Elevation 

Hydrographs 
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Table 1a

Atwell Island WD Alpaugh ID Angiola WD

1986 - 1987 21,000 711 45 7,278 49,000 78,000

1987 - 1988 30,000 0 0 3,530 53,000 87,000

1988 - 1989 24,000 0 0 6,026 51,000 81,000

1989 - 1990 23,000 0 0 3,847 53,000 80,000

1990 - 1991 31,000 0 0 925 56,000 88,000

1991 - 1992 27,000 0 0 1,611 55,000 84,000

1992 - 1993 44,000 4,121 700 3,420 49,000 101,000

1993 - 1994 28,000 1,283 206 3,640 51,000 84,000

1994 - 1995 57,000 3,462 473 8,918 44,000 114,000

1995 - 1996 30,000 3,379 637 12,551 57,000 104,000

1996 - 1997 42,000 0 0 12,383 63,000 117,000

1997 - 1998 69,000 0 0 7,460 68,000 144,000

1998 - 1999 35,000 0 0 9,778 66,000 111,000

1999 - 2000 33,000 162 0 8,118 67,000 108,000

2000 - 2001 25,000 0 0 3,824 72,000 101,000

2001 - 2002 24,000 0 0 2,932 73,000 100,000

2002 - 2003 23,000 0 6 4,728 67,000 95,000

2003 - 2004 19,000 0 0 3,434 58,000 80,000

2004 - 2005 37,000 0 830 11,741 48,000 98,000

2005 - 2006 38,000 0 923 10,909 49,000 99,000

2006 - 2007 16,000 0 0 6,641 55,000 78,000

2007 - 2008 18,000 0 0 2,165 59,000 79,000

2008 - 2009 19,000 0 122 191 60,000 79,000

2009 - 2010 31,000 0 153 3,243 57,000 91,000

2010 - 2011 45,000 0 627 6,476 63,000 115,000

2011 - 2012 28,000 0 54 3,156 67,000 98,000

2012 - 2013 13,000 0 0 1,492 70,000 84,000

2013 - 2014 9,000 0 0 1,048 70,000 80,000

2014 - 2015 13,000 0 0 575 70,000 84,000

2015 - 2016 20,000 0 0 587 70,000 91,000

2016 - 2017 21,000 0 136 12,146 58,000 91,000

86/87-16/17 Avg 29,000 400 200 5,300 60,000 95,000

Total In

Tri-County Water Authority GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells

Agricultural
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Table 1b

Imported Water

Agricultural 

Cons. Use

1986 - 1987 0 2,300 11,700 21,000 5,800 37,000 78,000

1987 - 1988 0 900 12,900 30,000 2,600 40,000 86,000

1988 - 1989 0 1,600 12,300 24,000 4,500 38,000 80,000

1989 - 1990 0 1,000 12,800 23,000 2,800 40,000 80,000

1990 - 1991 0 300 13,700 31,000 600 42,000 88,000

1991 - 1992 0 400 13,300 27,000 1,200 42,000 84,000

1992 - 1993 0 2,200 11,800 44,000 6,000 37,000 101,000

1993 - 1994 0 1,300 12,400 28,000 3,800 39,000 85,000

1994 - 1995 5,000 3,300 10,500 52,000 9,500 33,000 113,000

1995 - 1996 0 4,200 13,700 30,000 12,300 44,000 104,000

1996 - 1997 0 3,200 15,100 42,000 9,200 48,000 118,000

1997 - 1998 12,000 1,900 16,400 56,000 5,500 52,000 144,000

1998 - 1999 0 2,500 15,800 35,000 7,300 50,000 111,000

1999 - 2000 0 2,100 16,200 33,000 6,200 51,000 109,000

2000 - 2001 0 1,000 17,300 25,000 2,800 54,000 100,000

2001 - 2002 0 800 17,600 24,000 2,200 55,000 100,000

2002 - 2003 0 1,100 13,200 23,000 3,600 54,000 95,000

2003 - 2004 0 1,000 11,200 19,000 2,400 46,000 80,000

2004 - 2005 0 4,500 9,100 37,000 8,000 39,000 98,000

2005 - 2006 0 4,300 9,100 38,000 7,500 40,000 99,000

2006 - 2007 0 2,700 11,600 16,000 3,900 43,000 77,000

2007 - 2008 0 900 12,500 18,000 1,200 46,000 79,000

2008 - 2009 0 100 12,900 19,000 200 47,000 79,000

2009 - 2010 0 1,100 11,800 31,000 2,300 45,000 91,000

2010 - 2011 0 3,500 12,200 45,000 3,600 51,000 115,000

2011 - 2012 0 1,900 13,800 28,000 1,300 53,000 98,000

2012 - 2013 0 900 16,600 13,000 600 54,000 85,000

2013 - 2014 0 800 15,600 9,000 200 54,000 80,000

2014 - 2015 0 300 15,700 13,000 300 54,000 83,000

2015 - 2016 0 300 15,700 20,000 300 54,000 90,000

2016 - 2017 0 4,200 11,300 21,000 8,000 46,000 91,000

86/87-16/17 Avg 1,000 1,800 13,400 28,000 4,100 46,000 94,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Tri-County Water Authority GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Imported

Water

Total Out
Precipitation

Crops/Native

Water Year
Agricultural

Pumping

Ag. Cons. 

Use from 

Pumping

Areal

Recharge of 

Precipitation

Deep Percolation of 

Applied Water
Evapotranspiration
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Table 2

Return Flow Return Flow

From 

Outside 

Subbasin

From Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 2,300 11,700 19,000 10,000 79,000 122,000 49,000 6,550 16,000 47,000 119,000 3,000

1987 - 1988 0 900 12,900 15,000 12,000 89,000 130,000 53,000 18,240 12,000 48,000 131,000 -1,000

1988 - 1989 0 1,600 12,300 13,000 12,000 85,000 124,000 51,000 12,130 11,000 51,000 125,000 -1,000

1989 - 1990 0 1,000 12,800 17,000 14,000 85,000 130,000 53,000 23,840 11,000 49,000 137,000 -7,000

1990 - 1991 0 300 13,700 18,000 15,000 90,000 137,000 56,000 18,120 16,000 50,000 140,000 -3,000

1991 - 1992 0 400 13,300 18,000 13,000 95,000 140,000 55,000 23,840 13,000 56,000 148,000 -8,000

1992 - 1993 0 2,200 11,800 10,000 9,000 100,000 133,000 49,000 6,610 16,000 58,000 130,000 3,000

1993 - 1994 0 1,300 12,400 12,000 14,000 91,000 131,000 51,000 11,220 12,000 58,000 132,000 -1,000

1994 - 1995 5,000 3,300 10,500 8,000 13,000 83,000 123,000 44,000 1,320 13,000 54,000 112,000 11,000

1995 - 1996 0 4,200 13,700 5,000 15,000 94,000 132,000 57,000 0 12,000 54,000 123,000 9,000

1996 - 1997 0 3,200 15,100 7,000 20,000 97,000 142,000 63,000 0 12,000 60,000 135,000 7,000

1997 - 1998 12,000 1,900 16,400 6,000 20,000 105,000 161,000 68,000 0 12,000 61,000 141,000 20,000

1998 - 1999 0 2,500 15,800 6,000 20,000 101,000 145,000 66,000 0 12,000 63,000 141,000 4,000

1999 - 2000 0 2,100 16,200 6,000 20,000 101,000 145,000 67,000 4,900 11,000 63,000 146,000 -1,000

2000 - 2001 0 1,000 17,300 11,000 17,000 105,000 151,000 72,000 13,310 11,000 63,000 159,000 -8,000

2001 - 2002 0 800 17,600 12,000 17,000 109,000 156,000 73,000 18,930 11,000 65,000 168,000 -12,000

2002 - 2003 0 1,100 13,200 8,000 19,000 100,000 141,000 67,000 13,050 10,000 64,000 154,000 -13,000

2003 - 2004 0 1,000 11,200 9,000 18,000 89,000 128,000 58,000 20,360 11,000 56,000 145,000 -17,000

2004 - 2005 0 4,500 9,100 4,000 13,000 86,000 117,000 48,000 4,000 15,000 51,000 118,000 -1,000

2005 - 2006 0 4,300 9,100 3,000 17,000 77,000 110,000 49,000 150 12,000 49,000 110,000 0

2006 - 2007 0 2,700 11,600 9,000 19,000 82,000 124,000 55,000 21,570 11,000 49,000 137,000 -13,000

2007 - 2008 0 900 12,500 14,000 13,000 100,000 140,000 59,000 23,950 16,000 59,000 158,000 -18,000

2008 - 2009 0 100 12,900 18,000 13,000 112,000 156,000 60,000 27,390 18,000 66,000 171,000 -15,000

2009 - 2010 0 1,100 11,800 15,000 13,000 119,000 160,000 57,000 17,760 24,000 71,000 170,000 -10,000

2010 - 2011 0 3,500 12,200 10,000 15,000 110,000 151,000 63,000 4,180 18,000 63,000 148,000 3,000

2011 - 2012 0 1,900 13,800 14,000 18,000 103,000 151,000 67,000 21,980 15,000 60,000 164,000 -13,000

2012 - 2013 0 900 16,600 17,000 19,000 93,000 147,000 70,000 23,730 9,000 59,000 162,000 -15,000

2013 - 2014 0 800 15,600 18,000 18,000 89,000 141,000 70,000 20,900 9,000 60,000 160,000 -19,000

2014 - 2015 0 300 15,700 20,000 18,000 88,000 142,000 70,000 20,100 9,000 60,000 159,000 -17,000

2015 - 2016 0 300 15,700 18,000 20,000 99,000 153,000 70,000 21,690 10,000 61,000 163,000 -10,000

2016 - 2017 0 4,200 11,300 12,000 17,000 107,000 152,000 58,000 4,520 17,000 69,000 149,000 3,000

86/87-16/17 Avg 1,000 1,800 13,400 12,000 16,000 96,000 140,000 60,000 13,000 13,000 58,000 144,000 -4,000

Cumulative Change in Storage  -140,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Tri-County Water Authority GSA

Historical Groundwater Budget 1986/87 to 2016/17

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow

Sub-surface

Outflow

Agricultural Exports

Release of 

Water from 

Compression of 

Aquitards

Groundwater Inflows (acre-ft)

Imported Water 

Deliveries Change in 

Storage 

(acre-ft)

Total In Total Out

Agricultural 

Pumping

Groundwater Pumping

Groundwater Outflows (acre-ft)
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Atwell Island WD Alpaugh ID Angiola WD Private

2017 - 2018 29,000 0 0 5,911 0 63,000 98,000

2018 - 2019 29,000 0 0 5,911 0 63,000 98,000

2019 - 2020 29,000 0 0 7,961 0 61,000 98,000

2020 - 2021 29,000 0 0 9,211 0 60,000 98,000

2021 - 2022 29,000 0 0 10,461 0 59,000 98,000

2022 - 2023 29,000 0 0 13,590 0 58,000 101,000

2023 - 2024 29,000 0 0 18,926 0 58,000 106,000

2024 - 2025 29,000 0 0 24,261 1,500 52,000 107,000

2025 - 2026 29,000 0 0 29,597 1,500 45,000 105,000

2026 - 2027 29,000 0 0 34,933 1,500 39,000 104,000

2027 - 2028 29,000 0 0 40,268 1,500 32,000 103,000

2028 - 2029 29,000 0 0 43,725 1,500 26,000 100,000

2029 - 2030 29,000 0 0 43,430 1,500 20,000 94,000

2030 - 2031 29,000 0 0 43,430 1,500 19,000 93,000

2031 - 2032 29,000 0 0 43,430 1,500 18,000 92,000

2032 - 2033 29,000 0 0 43,430 1,500 17,000 91,000

2033 - 2034 29,000 0 0 43,430 1,500 15,000 89,000

2034 - 2035 29,000 0 0 43,430 1,500 14,000 88,000

2035 - 2036 29,000 0 0 43,430 1,500 14,000 88,000

2036 - 2037 29,000 0 0 43,430 1,500 14,000 88,000

2037 - 2038 29,000 0 0 43,430 1,500 14,000 88,000

2038 - 2039 29,000 0 0 43,430 1,500 14,000 88,000

2039 - 2040 29,000 0 0 43,430 1,500 14,000 88,000

2040 - 2041 29,000 0 0 43,430 1,500 14,000 88,000

2041 - 2042 29,000 0 0 43,430 1,500 14,000 88,000

2042 - 2043 29,000 0 0 43,430 1,500 14,000 88,000

2043 - 2044 29,000 0 0 43,430 1,500 14,000 88,000

2044 - 2045 29,000 0 0 43,430 1,500 14,000 88,000

2045 - 2046 29,000 0 0 43,430 1,500 14,000 88,000

2046 - 2047 29,000 0 0 43,430 1,500 14,000 88,000

2047 - 2048 29,000 0 0 43,430 1,500 14,000 88,000

2048 - 2049 29,000 0 0 43,430 1,500 14,000 88,000

2049 - 2050 29,000 0 0 43,430 1,500 14,000 88,000

2050 - 2051 29,000 0 0 43,209 1,500 13,000 87,000

2051 - 2052 29,000 0 0 43,209 1,500 13,000 87,000

2052 - 2053 29,000 0 0 43,209 1,500 13,000 87,000

2053 - 2054 29,000 0 0 43,209 1,500 13,000 87,000

2054 - 2055 29,000 0 0 43,209 1,500 13,000 87,000

2055 - 2056 29,000 0 0 43,209 1,500 13,000 87,000

2056 - 2057 29,000 0 0 43,209 1,500 13,000 87,000

2057 - 2058 29,000 0 0 43,209 1,500 13,000 87,000

2058 - 2059 29,000 0 0 43,209 1,500 13,000 87,000

2059 - 2060 29,000 0 0 43,209 1,500 13,000 87,000

2060 - 2061 29,000 0 0 43,209 1,500 13,000 87,000

2061 - 2062 29,000 0 0 43,209 1,500 13,000 87,000

2062 - 2063 29,000 0 0 43,209 1,500 13,000 87,000

2063 - 2064 29,000 0 0 43,209 1,500 13,000 87,000

2064 - 2065 29,000 0 0 43,209 1,500 13,000 87,000

2065 - 2066 29,000 0 0 43,209 1,500 13,000 87,000

2066 - 2067 29,000 0 0 43,209 1,500 13,000 87,000

2067 - 2068 29,000 0 0 43,209 1,500 13,000 87,000

2068 - 2069 29,000 0 0 45,214 1,500 13,000 89,000

2069 - 2070 29,000 0 0 24,476 1,500 13,000 68,000

17/18-69/70 Avg 29,000 0 0 37,800 1,300 22,000 90,000

Total In

Projected Future Tri-County Water Authority GSA Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation
Discharge from Wells

Agricultural

Imported Water
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Recharge in 

Basins

Imported Water

Agricultural 

Cons. Use

2017 - 2018 1,000 0 1,900 12,200 29,000 4,000 50,000 98,000

2018 - 2019 1,000 0 1,900 12,200 29,000 4,000 50,000 98,000

2019 - 2020 1,000 0 2,200 11,900 29,000 5,400 49,000 99,000

2020 - 2021 1,000 0 2,400 11,700 29,000 6,200 48,000 98,000

2021 - 2022 1,000 0 2,600 11,500 29,000 7,000 47,000 98,000

2022 - 2023 1,000 0 2,700 11,300 29,000 7,800 47,000 99,000

2023 - 2024 1,000 0 2,700 11,300 29,000 7,800 47,000 99,000

2024 - 2025 1,000 2,000 3,700 10,100 29,000 12,100 41,000 99,000

2025 - 2026 1,000 2,000 4,700 8,900 29,000 16,500 36,000 98,000

2026 - 2027 1,000 2,000 5,700 7,800 29,000 20,900 31,000 97,000

2027 - 2028 1,000 2,000 6,700 6,600 29,000 25,200 26,000 97,000

2028 - 2029 1,000 2,000 7,600 5,400 29,000 29,600 20,000 95,000

2029 - 2030 1,000 2,000 8,600 4,300 29,000 33,700 15,000 94,000

2030 - 2031 1,000 2,000 8,600 4,100 29,000 33,700 15,000 93,000

2031 - 2032 1,000 2,000 8,600 3,900 29,000 33,700 14,000 92,000

2032 - 2033 1,000 2,000 8,600 3,700 29,000 33,700 13,000 91,000

2033 - 2034 1,000 2,000 8,600 3,500 29,000 33,700 12,000 90,000

2034 - 2035 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2035 - 2036 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2036 - 2037 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2037 - 2038 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2038 - 2039 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2039 - 2040 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2040 - 2041 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2041 - 2042 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2042 - 2043 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2043 - 2044 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2044 - 2045 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2045 - 2046 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2046 - 2047 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2047 - 2048 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2048 - 2049 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2049 - 2050 1,000 2,000 8,600 3,300 29,000 33,700 11,000 89,000

2050 - 2051 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2051 - 2052 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2052 - 2053 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2053 - 2054 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2054 - 2055 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2055 - 2056 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2056 - 2057 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2057 - 2058 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2058 - 2059 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2059 - 2060 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2060 - 2061 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2061 - 2062 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2062 - 2063 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2063 - 2064 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2064 - 2065 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2065 - 2066 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2066 - 2067 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2067 - 2068 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2068 - 2069 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

2069 - 2070 1,000 2,000 8,500 3,000 29,000 33,500 10,000 87,000

17/18-69/70 Avg 1,000 2,000 7,500 4,800 29,000 28,800 18,000 91,000

Projected Future Tri-County Water Authority GSA Surface Water Budget

Surface Water Outflow (acre-ft)

Imported

Water

Total Out
Precipitation

Crops/Native

Water Year
Agricultural

Pumping

Ag. Cons. 

Use from 

Pumping

Areal

Recharge of 

Precipitation

Deep Percolation of 

Applied Water
Evapotranspiration

Imported 

Water
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Return Flow
Recharge

in Basins
Return Flow

From 

Outside 

Subbasin

From 

Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

2017 - 2018 1,000 1,900 0 12,200 13,000 14,000 99,000 141,000 63,000 11,280 13,000 61,000 148,000 -7,000

2018 - 2019 1,000 1,900 0 12,200 13,000 14,000 96,000 138,000 63,000 11,280 13,000 61,000 148,000 -10,000

2019 - 2020 1,000 2,200 0 11,900 13,000 13,000 96,000 137,000 61,000 11,280 13,000 62,000 147,000 -10,000

2020 - 2021 1,000 2,400 0 11,700 13,000 12,000 94,000 134,000 60,000 11,280 13,000 62,000 146,000 -12,000

2021 - 2022 1,000 2,600 0 11,500 13,000 10,000 93,000 131,000 59,000 11,280 13,000 61,000 144,000 -13,000

2022 - 2023 1,000 2,700 0 11,300 13,000 10,000 91,000 129,000 58,000 11,280 14,000 61,000 144,000 -15,000

2023 - 2024 1,000 2,700 0 11,300 13,000 10,000 92,000 130,000 58,000 11,280 14,000 61,000 144,000 -14,000

2024 - 2025 1,000 3,700 1,500 10,100 12,000 8,000 90,000 126,000 52,000 11,280 15,000 61,000 139,000 -13,000

2025 - 2026 1,000 4,700 1,500 8,900 11,000 8,000 86,000 121,000 45,000 11,280 18,000 60,000 134,000 -13,000

2026 - 2027 1,000 5,700 1,500 7,800 10,000 8,000 84,000 118,000 39,000 11,280 20,000 60,000 130,000 -12,000

2027 - 2028 1,000 6,700 1,500 6,600 10,000 8,000 82,000 116,000 32,000 11,280 22,000 61,000 126,000 -10,000

2028 - 2029 1,000 7,600 1,500 5,400 9,000 8,000 81,000 114,000 26,000 11,280 24,000 62,000 123,000 -9,000

2029 - 2030 1,000 8,600 1,500 4,300 8,000 9,000 82,000 114,000 20,000 11,280 25,000 64,000 120,000 -6,000

2030 - 2031 1,000 8,600 1,500 4,100 8,000 9,000 81,000 113,000 19,000 11,280 25,000 66,000 121,000 -8,000

2031 - 2032 1,000 8,600 1,500 3,900 8,000 9,000 82,000 114,000 18,000 11,280 25,000 67,000 121,000 -7,000

2032 - 2033 1,000 8,600 1,500 3,700 8,000 9,000 82,000 114,000 17,000 11,280 24,000 69,000 121,000 -7,000

2033 - 2034 1,000 8,600 1,500 3,500 7,000 9,000 83,000 114,000 15,000 11,280 23,000 71,000 120,000 -6,000

2034 - 2035 1,000 8,600 1,500 3,300 6,000 9,000 86,000 115,000 14,000 11,280 24,000 72,000 121,000 -6,000

2035 - 2036 1,000 8,600 1,500 3,300 6,000 9,000 85,000 114,000 14,000 11,280 23,000 73,000 121,000 -7,000

2036 - 2037 1,000 8,600 1,500 3,300 6,000 10,000 84,000 114,000 14,000 11,280 22,000 73,000 120,000 -6,000

2037 - 2038 1,000 8,600 1,500 3,300 6,000 10,000 84,000 114,000 14,000 11,280 21,000 74,000 120,000 -6,000

2038 - 2039 1,000 8,600 1,500 3,300 6,000 11,000 83,000 114,000 14,000 11,280 20,000 74,000 119,000 -5,000

2039 - 2040 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 75,000 121,000 -6,000

2040 - 2041 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2041 - 2042 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2042 - 2043 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2043 - 2044 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2044 - 2045 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2045 - 2046 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2046 - 2047 1,000 8,600 1,500 3,300 5,000 11,000 84,000 114,000 14,000 11,280 21,000 74,000 120,000 -6,000

2047 - 2048 1,000 8,600 1,500 3,300 5,000 11,000 85,000 115,000 14,000 11,280 21,000 74,000 120,000 -5,000

2048 - 2049 1,000 8,600 1,500 3,300 4,000 11,000 84,000 113,000 14,000 11,280 21,000 73,000 119,000 -6,000

2049 - 2050 1,000 8,600 1,500 3,300 4,000 11,000 84,000 113,000 14,000 11,280 21,000 73,000 119,000 -6,000

2050 - 2051 1,000 8,500 1,500 3,000 4,000 11,000 83,000 112,000 13,000 11,280 21,000 73,000 118,000 -6,000

2051 - 2052 1,000 8,500 1,500 3,000 4,000 11,000 83,000 112,000 13,000 11,280 21,000 73,000 118,000 -6,000

2052 - 2053 1,000 8,500 1,500 3,000 4,000 11,000 83,000 112,000 13,000 11,280 21,000 72,000 117,000 -5,000

2053 - 2054 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 21,000 72,000 117,000 -6,000

2054 - 2055 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 20,000 72,000 116,000 -5,000

2055 - 2056 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 21,000 72,000 117,000 -6,000

2056 - 2057 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 20,000 72,000 116,000 -5,000

2057 - 2058 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 20,000 72,000 116,000 -5,000

2058 - 2059 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 20,000 72,000 116,000 -5,000

2059 - 2060 1,000 8,500 1,500 3,000 4,000 12,000 82,000 112,000 13,000 11,280 20,000 72,000 116,000 -4,000

2060 - 2061 1,000 8,500 1,500 3,000 4,000 11,000 82,000 111,000 13,000 11,280 20,000 72,000 116,000 -5,000

2061 - 2062 1,000 8,500 1,500 3,000 4,000 12,000 82,000 112,000 13,000 11,280 20,000 71,000 115,000 -3,000

2062 - 2063 1,000 8,500 1,500 3,000 4,000 12,000 82,000 112,000 13,000 11,280 20,000 71,000 115,000 -3,000

2063 - 2064 1,000 8,500 1,500 3,000 4,000 12,000 82,000 112,000 13,000 11,280 20,000 72,000 116,000 -4,000

2064 - 2065 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 20,000 71,000 115,000 -4,000

2065 - 2066 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 20,000 71,000 115,000 -4,000

2066 - 2067 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 20,000 71,000 115,000 -4,000

2067 - 2068 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 20,000 71,000 115,000 -4,000

2068 - 2069 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 19,000 71,000 114,000 -3,000

2069 - 2070 1,000 8,500 1,500 3,000 4,000 12,000 81,000 111,000 13,000 11,280 19,000 71,000 114,000 -3,000

17/18-69/70 Avg 1,000 7,500 1,300 4,800 7,000 11,000 85,000 118,000 22,000 11,300 20,000 69,000 122,000 -4,000

Groundwater Outflows (acre-ft)

Projected Future Tri-County Water Authority GSA Groundwater Budget

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow

Sub-surface

Outflow

Agricultural Exports

Release of 

Water from 

Compression of 

Aquitards

Groundwater Inflows (acre-ft)

Change in 

Storage 

(acre-ft)

Total In

Imported Water Deliveries

Total Out

Agricultural 

Pumping
Groundwater Pumping
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Tule Subbasin Appendix E
Chapter 2 - Basin Setting Table 5

2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

T0014_B_RMS 219.4 219.0 212.6 211.6

T0015_B_RMS 217.1 216.8 211.3 210.3

T0016_B_RMS 201.3 200.9 195.4 194.4

T0021_B_RMS 183.0 182.4 175.1 174.1

Note:
1

Benchmarks surveyed in July and August of each year.

Site
Land Surface Elevation (ft amsl)

1

Tri-County Water Authority GSA

Land Surface Elevations at Representative Monitoring Sites

July 2022
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Appendix E
Figure 1

Tri-County Water Authority GSA

RMS Groundwater Elevation Hydrographs
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Appendix E
Figure 2

Tri-County Water Authority GSA

RMS Groundwater Elevation Hydrographs
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data updated
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Figure 3

Tri-County Water Authority GSA

RMS Groundwater Elevation Hydrographs

data updated

no fall data

data updated
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Tule Subbasin
Chapter 2 - Basin Setting Appendix F

Table 1a

Alpaugh ID Atwell Island WD Agricultural Municipal

1986 - 1987 5,000 748 397 35,000 200 41,000

1987 - 1988 7,000 0 0 36,000 200 43,000

1988 - 1989 6,000 0 0 36,000 200 42,000

1989 - 1990 6,000 0 0 36,000 200 42,000

1990 - 1991 7,000 0 0 36,000 200 43,000

1991 - 1992 6,000 0 0 36,000 200 42,000

1992 - 1993 10,000 11,519 2,302 22,000 200 46,000

1993 - 1994 7,000 3,398 717 32,000 200 43,000

1994 - 1995 14,000 7,790 1,934 26,000 200 50,000

1995 - 1996 7,000 10,493 1,888 21,000 200 41,000

1996 - 1997 10,000 0 0 33,000 200 43,000

1997 - 1998 16,000 0 0 33,000 200 49,000

1998 - 1999 8,000 0 0 33,000 200 41,000

1999 - 2000 8,000 0 91 33,000 200 41,000

2000 - 2001 6,000 0 0 33,000 200 39,000

2001 - 2002 6,000 0 0 33,000 200 39,000

2002 - 2003 6,000 98 0 33,000 200 39,000

2003 - 2004 5,000 0 0 30,000 200 35,000

2004 - 2005 9,000 13,660 0 17,000 300 40,000

2005 - 2006 9,000 15,189 0 16,000 300 40,000

2006 - 2007 4,000 0 0 30,000 300 34,000

2007 - 2008 4,000 0 0 30,000 300 34,000

2008 - 2009 5,000 2,009 0 28,000 300 35,000

2009 - 2010 7,000 2,518 0 27,000 300 37,000

2010 - 2011 11,000 10,324 0 10,000 300 32,000

2011 - 2012 7,000 889 0 18,000 300 26,000

2012 - 2013 3,000 0 0 19,000 300 22,000

2013 - 2014 2,000 0 0 19,000 300 21,000

2014 - 2015 3,000 0 0 19,000 300 22,000

2015 - 2016 5,000 0 0 19,000 300 24,000

2016 - 2017 5,000 2,232 0 16,000 300 24,000

86/87-16/17 Avg 7,000 2,600 200 27,000 200 37,000

Alpaugh GSA

Historical Surface Water Budget 1986/87 to 2016/17

Total In

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells

Page 1 of 1 July 2022



Tule Subbasin

Chapter 2 - Basin Setting
Appendix F

Table 1b

Imported

Water

Agricultural 

Cons. Use

1986 - 1987 0 300 8,600 100 5,000 900 26,000 100 41,000

1987 - 1988 0 0 8,900 100 7,000 0 27,000 100 43,000

1988 - 1989 0 0 8,900 100 6,000 0 27,000 100 42,000

1989 - 1990 0 0 8,900 100 6,000 0 27,000 100 42,000

1990 - 1991 0 0 8,900 100 7,000 0 27,000 100 43,000

1991 - 1992 0 0 8,900 100 6,000 0 27,000 100 42,000

1992 - 1993 0 3,500 5,500 100 10,000 10,400 16,000 100 46,000

1993 - 1994 0 1,000 7,900 100 7,000 3,100 24,000 100 43,000

1994 - 1995 1,000 2,400 6,500 100 12,000 7,300 20,000 100 49,000

1995 - 1996 0 3,100 5,300 100 7,000 9,300 16,000 100 41,000

1996 - 1997 0 0 8,400 100 10,000 0 25,000 100 44,000

1997 - 1998 3,000 0 8,400 100 13,000 0 25,000 100 50,000

1998 - 1999 0 0 8,400 100 8,000 0 25,000 100 42,000

1999 - 2000 0 0 8,300 100 8,000 100 25,000 100 42,000

2000 - 2001 0 0 8,400 100 6,000 0 25,000 100 40,000

2001 - 2002 0 0 8,400 100 6,000 0 25,000 100 40,000

2002 - 2003 0 0 7,500 200 6,000 100 25,000 100 39,000

2003 - 2004 0 0 6,900 200 5,000 0 23,000 100 35,000

2004 - 2005 0 3,700 3,900 200 9,000 10,000 13,000 100 40,000

2005 - 2006 0 4,700 3,700 200 9,000 10,500 13,000 100 41,000

2006 - 2007 0 0 6,800 200 4,000 0 23,000 100 34,000

2007 - 2008 0 0 6,800 200 4,000 0 23,000 100 34,000

2008 - 2009 0 500 6,400 200 5,000 1,500 21,000 100 35,000

2009 - 2010 0 600 6,200 200 7,000 1,900 21,000 100 37,000

2010 - 2011 0 3,100 2,400 200 11,000 7,200 8,000 100 32,000

2011 - 2012 0 400 4,100 200 7,000 500 14,000 100 26,000

2012 - 2013 0 0 4,200 200 3,000 0 14,000 100 22,000

2013 - 2014 0 0 4,200 200 2,000 0 14,000 100 21,000

2014 - 2015 0 0 4,200 200 3,000 0 14,000 100 22,000

2015 - 2016 0 0 4,200 200 5,000 0 14,000 100 24,000

2016 - 2017 0 500 3,700 200 5,000 1,700 13,000 100 24,000

86/87-16/17 Avg 0 800 6,600 100 7,000 2,100 21,000 100 38,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Areal

Recharge of 

Precip-

itation

Deep Percolation of Applied Evapotranspiration

Alpaugh GSA

Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Municipal

(Landscape

ET)

Precipitation

Crops/Native

Ag. Cons. 

Use from 

Pumping

Agri-

cultural

Pumping

Total OutImported

Water

Water Year Municipal

Pumping
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Tule Subbasin
Chapter 2 - Basin Setting Appendix F

Table 2

Return Flow Return Flow Return Flow

From 

Outside 

Subbasin

From Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

1986 - 1987 0 300 8,600 100 3,000 10,000 32,000 54,000 200 35,000 2,000 12,000 49,000 5,000

1987 - 1988 0 0 8,900 100 3,000 9,000 35,000 56,000 200 36,000 2,000 14,000 52,000 4,000

1988 - 1989 0 0 8,900 100 3,000 9,000 38,000 59,000 200 36,000 2,000 15,000 53,000 6,000

1989 - 1990 0 0 8,900 100 3,000 9,000 35,000 56,000 200 36,000 2,000 15,000 53,000 3,000

1990 - 1991 0 0 8,900 100 4,000 10,000 36,000 59,000 200 36,000 2,000 17,000 55,000 4,000

1991 - 1992 0 0 8,900 100 4,000 8,000 40,000 61,000 200 36,000 3,000 18,000 57,000 4,000

1992 - 1993 0 3,500 5,500 100 2,000 5,000 36,000 52,000 200 22,000 5,000 22,000 49,000 3,000

1993 - 1994 0 1,000 7,900 100 3,000 8,000 37,000 57,000 200 32,000 3,000 20,000 55,000 2,000

1994 - 1995 1,000 2,400 6,500 100 2,000 8,000 32,000 52,000 200 26,000 3,000 20,000 49,000 3,000

1995 - 1996 0 3,100 5,300 100 1,000 10,000 29,000 49,000 200 21,000 2,000 23,000 46,000 3,000

1996 - 1997 0 0 8,400 100 1,000 14,000 36,000 60,000 200 33,000 2,000 24,000 59,000 1,000

1997 - 1998 3,000 0 8,400 100 1,000 15,000 38,000 66,000 200 33,000 2,000 26,000 61,000 5,000

1998 - 1999 0 0 8,400 100 1,000 13,000 38,000 61,000 200 33,000 2,000 24,000 59,000 2,000

1999 - 2000 0 0 8,300 100 1,000 13,000 38,000 60,000 200 33,000 2,000 24,000 59,000 1,000

2000 - 2001 0 0 8,400 100 2,000 11,000 40,000 62,000 200 33,000 3,000 24,000 60,000 2,000

2001 - 2002 0 0 8,400 100 2,000 9,000 41,000 61,000 200 33,000 3,000 25,000 61,000 0

2002 - 2003 0 0 7,500 200 2,000 9,000 40,000 59,000 200 33,000 3,000 24,000 60,000 -1,000

2003 - 2004 0 0 6,900 200 2,000 11,000 33,000 53,000 200 30,000 2,000 21,000 53,000 0

2004 - 2005 0 3,700 3,900 200 0 11,000 26,000 45,000 300 17,000 2,000 26,000 45,000 0

2005 - 2006 0 4,700 3,700 200 0 11,000 25,000 45,000 300 16,000 2,000 25,000 43,000 2,000

2006 - 2007 0 0 6,800 200 1,000 14,000 29,000 51,000 300 30,000 1,000 21,000 52,000 -1,000

2007 - 2008 0 0 6,800 200 3,000 7,000 38,000 55,000 300 30,000 3,000 24,000 57,000 -2,000

2008 - 2009 0 500 6,400 200 4,000 5,000 42,000 58,000 300 28,000 6,000 26,000 60,000 -2,000

2009 - 2010 0 600 6,200 200 3,000 6,000 45,000 61,000 300 27,000 6,000 28,000 61,000 0

2010 - 2011 0 3,100 2,400 200 2,000 8,000 33,000 49,000 300 10,000 6,000 31,000 47,000 2,000

2011 - 2012 0 400 4,100 200 3,000 8,000 32,000 48,000 300 18,000 6,000 26,000 50,000 -2,000

2012 - 2013 0 0 4,200 200 3,000 6,000 33,000 46,000 300 19,000 6,000 24,000 49,000 -3,000

2013 - 2014 0 0 4,200 200 4,000 5,000 32,000 45,000 300 19,000 6,000 23,000 48,000 -3,000

2014 - 2015 0 0 4,200 200 4,000 5,000 31,000 44,000 300 19,000 6,000 23,000 48,000 -4,000

2015 - 2016 0 0 4,200 200 3,000 6,000 33,000 46,000 300 19,000 5,000 25,000 49,000 -3,000

2016 - 2017 0 500 3,700 200 2,000 8,000 37,000 51,000 300 16,000 6,000 29,000 51,000 0

86/87-16/17 Avg 0 800 6,600 100 2,000 9,000 35,000 54,000 200 27,000 3,000 23,000 53,000 1,000

Cumulative Change in Storage  31,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Groundwater Outflows Not Included in Sustainable Yield Estimates

Agricultural 

Pumping

Municipal 

Pumping

Groundwater Pumping

Total Out

Alpaugh GSA

Historical Groundwater Budget 1986/87 to 2016/17

Groundwater Outflows (acre-ft)

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow

Sub-surface

Outflow

Municipal Agricultural

Release of 

Water from 

Compression 

of Aquitards

Groundwater Inflows (acre-ft)

Imported Water 

Deliveries Change in 

Storage 

(acre-ft)

Total In

Page 1 of 1 July 2022



Tule Subbasin
Chapter 2 - Basin Setting

Appendix F
Table 3a

Stream Inflow

Deer Creek Alpaugh ID Atwell Island WD Agricultural Municipal

2017 - 2018 7,000 280 3,680 0 15,000 300 26,000

2018 - 2019 7,000 280 3,680 0 15,000 300 26,000

2019 - 2020 7,000 280 3,680 0 15,000 300 26,000

2020 - 2021 7,000 280 3,680 0 15,000 300 26,000

2021 - 2022 7,000 280 3,680 0 14,000 300 25,000

2022 - 2023 7,000 280 3,680 0 14,000 300 25,000

2023 - 2024 7,000 280 3,680 0 13,000 300 24,000

2024 - 2025 7,000 280 3,680 0 13,000 300 24,000

2025 - 2026 7,000 1,380 4,813 0 10,000 300 23,000

2026 - 2027 7,000 1,380 4,751 0 10,000 300 23,000

2027 - 2028 7,000 1,380 4,689 0 10,000 300 23,000

2028 - 2029 7,000 1,380 4,627 0 9,000 300 22,000

2029 - 2030 7,000 1,380 4,565 0 9,000 300 22,000

2030 - 2031 7,000 1,380 5,737 0 8,000 300 22,000

2031 - 2032 7,000 1,380 5,737 0 8,000 300 22,000

2032 - 2033 7,000 1,380 5,737 0 8,000 300 22,000

2033 - 2034 7,000 1,380 5,737 0 8,000 300 22,000

2034 - 2035 7,000 1,380 5,737 0 8,000 300 22,000

2035 - 2036 7,000 1,380 6,970 0 7,000 300 23,000

2036 - 2037 7,000 1,380 6,970 0 7,000 300 23,000

2037 - 2038 7,000 1,380 6,970 0 7,000 300 23,000

2038 - 2039 7,000 1,380 6,970 0 7,000 300 23,000

2039 - 2040 7,000 1,380 6,970 0 7,000 300 23,000

2040 - 2041 7,000 1,380 7,793 0 6,000 300 22,000

2041 - 2042 7,000 1,380 7,793 0 6,000 300 22,000

2042 - 2043 7,000 1,380 7,793 0 6,000 300 22,000

2043 - 2044 7,000 1,380 7,793 0 6,000 300 22,000

2044 - 2045 7,000 1,380 7,793 0 6,000 300 22,000

2045 - 2046 7,000 1,380 7,793 0 6,000 300 22,000

2046 - 2047 7,000 1,380 7,793 0 6,000 300 22,000

2047 - 2048 7,000 1,380 7,793 0 6,000 300 22,000

2048 - 2049 7,000 1,380 7,793 0 6,000 300 22,000

2049 - 2050 7,000 1,380 7,793 0 6,000 300 22,000

2050 - 2051 7,000 1,380 7,793 0 6,000 300 22,000

2051 - 2052 7,000 1,380 7,793 0 6,000 300 22,000

2052 - 2053 7,000 1,380 7,793 0 6,000 300 22,000

2053 - 2054 7,000 1,380 7,793 0 6,000 300 22,000

2054 - 2055 7,000 1,380 7,793 0 6,000 300 22,000

2055 - 2056 7,000 1,380 7,793 0 6,000 300 22,000

2056 - 2057 7,000 1,380 7,793 0 6,000 300 22,000

2057 - 2058 7,000 1,380 7,793 0 6,000 300 22,000

2058 - 2059 7,000 1,380 7,793 0 6,000 300 22,000

2059 - 2060 7,000 1,380 7,793 0 6,000 300 22,000

2060 - 2061 7,000 1,380 7,793 0 6,000 300 22,000

2061 - 2062 7,000 1,380 7,793 0 6,000 300 22,000

2062 - 2063 7,000 1,380 7,793 0 6,000 300 22,000

2063 - 2064 7,000 1,380 7,793 0 6,000 300 22,000

2064 - 2065 7,000 1,380 7,793 0 6,000 300 22,000

2065 - 2066 7,000 1,380 7,793 0 6,000 300 22,000

2066 - 2067 7,000 1,380 7,793 0 6,000 300 22,000

2067 - 2068 7,000 1,380 7,793 0 6,000 300 22,000

2068 - 2069 7,000 1,380 7,793 0 6,000 300 22,000

2069 - 2070 7,000 1,380 7,793 0 6,000 300 22,000

17/18-69/70 Avg 7,000 1,200 6,600 0 8,000 300 23,000

Projected Future Alpaugh GSA Surface Water Budget

Total In

Surface Water Inflow (acre-ft)

Water Year Precipitation
Imported Water Discharge from Wells
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Appendix F
Table 3b

Imported

Water

Deer

Creek

2017 - 2018 0 800 100 3,300 200 7,000 2,800 200 11,000 100 26,000

2018 - 2019 0 800 100 3,300 200 7,000 2,800 200 11,000 100 26,000

2019 - 2020 0 800 100 3,300 200 7,000 2,800 200 11,000 100 26,000

2020 - 2021 0 800 100 3,300 200 7,000 2,800 200 11,000 100 26,000

2021 - 2022 0 800 100 3,200 200 7,000 2,800 200 11,000 100 25,000

2022 - 2023 0 800 100 3,200 200 7,000 2,800 200 11,000 100 25,000

2023 - 2024 0 800 100 3,100 200 7,000 2,800 200 10,000 100 24,000

2024 - 2025 0 800 100 3,000 200 7,000 2,800 200 10,000 100 24,000

2025 - 2026 0 1,100 300 2,400 200 7,000 3,700 1,100 8,000 100 24,000

2026 - 2027 0 1,100 300 2,300 200 7,000 3,700 1,100 8,000 100 24,000

2027 - 2028 0 1,100 300 2,200 200 7,000 3,600 1,100 7,000 100 23,000

2028 - 2029 0 1,100 300 2,100 200 7,000 3,600 1,100 7,000 100 23,000

2029 - 2030 0 1,000 300 2,100 200 7,000 3,500 1,100 7,000 100 22,000

2030 - 2031 0 1,300 300 1,800 200 7,000 4,400 1,100 6,000 100 22,000

2031 - 2032 0 1,300 300 1,800 200 7,000 4,400 1,100 6,000 100 22,000

2032 - 2033 0 1,300 300 1,800 200 7,000 4,400 1,100 6,000 100 22,000

2033 - 2034 0 1,300 300 1,800 200 7,000 4,400 1,100 6,000 100 22,000

2034 - 2035 0 1,300 300 1,800 200 7,000 4,400 1,100 6,000 100 22,000

2035 - 2036 0 1,600 300 1,500 200 7,000 5,400 1,100 5,000 100 22,000

2036 - 2037 0 1,600 300 1,500 200 7,000 5,400 1,100 5,000 100 22,000

2037 - 2038 0 1,600 300 1,500 200 7,000 5,400 1,100 5,000 100 22,000

2038 - 2039 0 1,600 300 1,500 200 7,000 5,400 1,100 5,000 100 22,000

2039 - 2040 0 1,600 300 1,500 200 7,000 5,400 1,100 5,000 100 22,000

2040 - 2041 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2041 - 2042 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2042 - 2043 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2043 - 2044 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2044 - 2045 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2045 - 2046 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2046 - 2047 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2047 - 2048 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2048 - 2049 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2049 - 2050 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2050 - 2051 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2051 - 2052 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2052 - 2053 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2053 - 2054 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2054 - 2055 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2055 - 2056 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2056 - 2057 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2057 - 2058 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2058 - 2059 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2059 - 2060 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2060 - 2061 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2061 - 2062 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2062 - 2063 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2063 - 2064 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2064 - 2065 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2065 - 2066 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2066 - 2067 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2067 - 2068 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2068 - 2069 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

2069 - 2070 0 1,800 300 1,400 200 7,000 6,000 1,100 5,000 100 23,000

17/18-69/70 Avg 0 1,500 300 1,800 200 7,000 5,100 1,000 6,000 100 23,000

Areal

Recharge of 

Precip-

itation

Deep Percolation of Applied Water Evapotranspiration

Projected Future Alpaugh GSA Surface Water Budget

Surface Water Outflow (acre-ft)

Municipal

(Landscape

ET)

Precipitation

Crops/Native

Ag. Cons. 

Use from 

Pumping

Agri-

cultural

Pumping

Total OutImported
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Table 4

Return Flow Return Flow Return Flow Return Flow

From 

Outside 

Subbasin

From Other 

GSAs

To Outside 

Subbasin

To Other 

GSAs

2017 - 2018 0 800 100 3,300 200 3,000 5,000 29,000 41,000 300 15,000 3,000 25,000 43,000 -2,000

2018 - 2019 0 800 100 3,300 200 3,000 4,000 29,000 40,000 300 15,000 4,000 24,000 43,000 -3,000

2019 - 2020 0 800 100 3,300 200 3,000 4,000 28,000 39,000 300 15,000 4,000 23,000 42,000 -3,000

2020 - 2021 0 800 100 3,300 200 3,000 3,000 28,000 38,000 300 15,000 4,000 22,000 41,000 -3,000

2021 - 2022 0 800 100 3,200 200 3,000 3,000 27,000 37,000 300 14,000 4,000 21,000 39,000 -2,000

2022 - 2023 0 800 100 3,200 200 3,000 3,000 27,000 37,000 300 14,000 5,000 21,000 40,000 -3,000

2023 - 2024 0 800 100 3,100 200 3,000 2,000 27,000 36,000 300 13,000 5,000 20,000 38,000 -2,000

2024 - 2025 0 800 100 3,000 200 3,000 2,000 27,000 36,000 300 13,000 5,000 20,000 38,000 -2,000

2025 - 2026 0 1,100 300 2,400 200 3,000 2,000 25,000 34,000 300 10,000 6,000 19,000 35,000 -1,000

2026 - 2027 0 1,100 300 2,300 200 3,000 2,000 26,000 35,000 300 10,000 7,000 19,000 36,000 -1,000

2027 - 2028 0 1,100 300 2,200 200 3,000 2,000 26,000 35,000 300 10,000 8,000 19,000 37,000 -2,000

2028 - 2029 0 1,100 300 2,100 200 3,000 2,000 27,000 36,000 300 9,000 8,000 19,000 36,000 0

2029 - 2030 0 1,000 300 2,100 200 3,000 2,000 30,000 39,000 300 9,000 9,000 20,000 38,000 1,000

2030 - 2031 0 1,300 300 1,800 200 2,000 2,000 30,000 38,000 300 8,000 10,000 21,000 39,000 -1,000

2031 - 2032 0 1,300 300 1,800 200 2,000 2,000 32,000 40,000 300 8,000 10,000 22,000 40,000 0

2032 - 2033 0 1,300 300 1,800 200 2,000 2,000 33,000 41,000 300 8,000 11,000 23,000 42,000 -1,000

2033 - 2034 0 1,300 300 1,800 200 2,000 2,000 35,000 43,000 300 8,000 11,000 24,000 43,000 0

2034 - 2035 0 1,300 300 1,800 200 2,000 2,000 36,000 44,000 300 8,000 12,000 24,000 44,000 0

2035 - 2036 0 1,600 300 1,500 200 2,000 2,000 37,000 45,000 300 7,000 12,000 25,000 44,000 1,000

2036 - 2037 0 1,600 300 1,500 200 2,000 2,000 37,000 45,000 300 7,000 12,000 26,000 45,000 0

2037 - 2038 0 1,600 300 1,500 200 2,000 2,000 38,000 46,000 300 7,000 13,000 26,000 46,000 0

2038 - 2039 0 1,600 300 1,500 200 2,000 2,000 38,000 46,000 300 7,000 13,000 26,000 46,000 0

2039 - 2040 0 1,600 300 1,500 200 1,000 2,000 39,000 46,000 300 7,000 13,000 26,000 46,000 0

2040 - 2041 0 1,800 300 1,400 200 1,000 2,000 39,000 46,000 300 6,000 13,000 27,000 46,000 0

2041 - 2042 0 1,800 300 1,400 200 1,000 2,000 39,000 46,000 300 6,000 13,000 27,000 46,000 0

2042 - 2043 0 1,800 300 1,400 200 1,000 2,000 39,000 46,000 300 6,000 13,000 26,000 45,000 1,000

2043 - 2044 0 1,800 300 1,400 200 1,000 2,000 39,000 46,000 300 6,000 13,000 27,000 46,000 0

2044 - 2045 0 1,800 300 1,400 200 1,000 2,000 39,000 46,000 300 6,000 13,000 26,000 45,000 1,000

2045 - 2046 0 1,800 300 1,400 200 1,000 1,000 39,000 45,000 300 6,000 13,000 26,000 45,000 0

2046 - 2047 0 1,800 300 1,400 200 1,000 1,000 39,000 45,000 300 6,000 13,000 26,000 45,000 0

2047 - 2048 0 1,800 300 1,400 200 1,000 1,000 39,000 45,000 300 6,000 13,000 26,000 45,000 0

2048 - 2049 0 1,800 300 1,400 200 1,000 1,000 39,000 45,000 300 6,000 13,000 26,000 45,000 0

2049 - 2050 0 1,800 300 1,400 200 1,000 1,000 39,000 45,000 300 6,000 13,000 26,000 45,000 0

2050 - 2051 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2051 - 2052 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2052 - 2053 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2053 - 2054 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2054 - 2055 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2055 - 2056 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 26,000 45,000 -1,000

2056 - 2057 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2057 - 2058 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2058 - 2059 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2059 - 2060 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2060 - 2061 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2061 - 2062 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2062 - 2063 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2063 - 2064 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2064 - 2065 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2065 - 2066 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2066 - 2067 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2067 - 2068 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2068 - 2069 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

2069 - 2070 0 1,800 300 1,400 200 1,000 1,000 38,000 44,000 300 6,000 13,000 25,000 44,000 0

17/18-69/70 Avg 0 1,500 300 1,800 200 2,000 2,000 35,000 43,000 300 8,000 11,000 24,000 43,000 0

Deer Creek

Total Out

Projected Future Alpaugh GSA Groundwater Budget

Groundwater Outflows (acre-ft)

Water Year

Areal

Recharge

from

Precipitation

Sub-surface

Inflow
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2020 (Baseline) 2021
Measurable 

Objective

Minimum 

Threshold

A0013_B_RMS 196.814 196.338 189.645 187.876

A0017_B_RMS 204.396 204.137 199.110 197.996

A0018_B_RMS 196.141 195.977 192.203 191.153

A0019_B_RMS 192.326 191.857 186.921 185.921

A0020_B_RMS 195.065 191.08 189.463 188.463

A0092_B_RMS N/A 200.37 N/A N/A

Notes:

N/A = Not available
1

Benchmarks surveyed in July and August of each year.

Site
Land Surface Elevation (ft amsl)

1

Alpaugh Irrigation District GSA

Land Surface Elevations at Representative Monitoring Sites

July 2022
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Figure 1

Alpaugh Irrigation District GSA

RMS Groundwater Elevation Hydrographs
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1.0 Introduction 

1.1 Background 

In order to assist in groundwater basin management planning and inform the preparation of 

Groundwater Sustainability Plans (GSPs) as required by the Sustainable Groundwater 

Management Act (SGMA), the Tule Subbasin Technical Advisory Committee (TAC) 

commissioned the preparation of a numerical groundwater flow model (GFM) of the Tule 

Subbasin.  The Tule Subbasin is approximately 733 square miles located in the southwestern 

portion of Tulare County within the southern San Joaquin Valley Groundwater Basin (CDWR, 

2003; see Figure 1).  The Subbasin is divided into seven Groundwater Sustainability Agencies 

(GSAs): 

1. Lower Tule River Irrigation District GSA 

2. Pixley Irrigation District GSA 

3. Eastern Tule GSA 

4. Delano-Earlimart Irrigation District GSA 

5. Tri-County Water Authority GSA 

6. Alpaugh Irrigation District GSA 

7. County of Tulare GSA - Tule 

It is noted that the entire geographic area of the Subbasin is covered and managed by the first six 

GSAs. While the County of Tulare GSA is responsible for some lands within the Tule Subbasin, 

these areas are managed by the other GSAs through agreements.  As such, this report presents 

results relating to the areas of the first six GSAs listed above. 

Utilization of a calibrated groundwater flow model is a CDWR Best Management Practice (BMP) 

for developing GSPs to comply with SGMA.  A BMP “… refers to a practice, or combination of 

practices, that are designed to achieve sustainable groundwater management and have been 

determined to be technologically and economically effective, practicable, and based on best 

available science.” (GSP Regulations, §351[i]).  Prior to preparing the GFM, TH&Co prepared a 

detailed hydrogeologic conceptual model (BMP No. 3) and water budget (BMP No. 4) of the Tule 

Subbasin.  These documents provide the foundational information on which the GFM is based. 

1.2 Groundwater Flow Model Objectives 

The GFM was prepared to address the following: 
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• Validate the preliminary Subbasin-wide groundwater and surface water budget and, 

as necessary, refine the least-known elements of the water budget via model 

calibration; 

• Evaluate the Subbasin-wide Sustainable Yield estimate based on a future projection 

of groundwater projects, management actions, and climate change; 

• Develop water budget estimates for each of the six GSAs of the Subbasin, which 

incorporates historical hydrological data, surface water rights specific to the individual 

GSAs, and future projections of groundwater pumping and imported water; and 

• Evaluate historical land subsidence in the Subbasin and predict future land subsidence 

in areas of critical infrastructure. 

1.3 Model Domain 

The model domain is the three-dimensional volume of hydrogeologic media evaluated by the 

model.  Based on the objectives of the GFM, and in consideration of potential impacts of pumping 

and recharge outside the Tule Subbasin boundaries on the water budget within the Tule Subbasin, 

the lateral model area was selected as shown on Figure 2.  This model area extends approximately 

five to ten miles north of the northern Tule Subbasin boundary, four miles west of the western 

boundary, three to six miles south of the southern Tule Subbasin boundary, and a few miles into 

the Sierra Nevada Mountains on the east.  The area of the Sierra Nevada Mountains between the 

alluvial/bedrock interface and eastern model boundary is inactive.  The total model area is 

1,472 square miles and the active model area is approximately 1,320 square miles 

(i.e., approximately 845,000 acres). 

The vertical model domain was developed to simulate groundwater flow in the primary aquifers 

and aquitards that were identified in the conceptual model of the Tule Subbasin.  Accordingly, the 

model consists of five layers of variable thickness throughout the model domain based on cross-

sections developed from the conceptual model.  The layers are described as follows: 

• Layer 1 simulates groundwater flow in the upper unconfined aquifer; 

• Layer 2 is an underlying comparatively low permeability unit separating the upper and 

lower aquifers and generally coincides with the Corcoran Clay west of Highway 99; 

• Layer 3 simulates groundwater flow in the lower aquifer.  This layer is semi-confined in 

the east and confined below the Corcoran Clay in the west; 

• Layer 4 simulates groundwater flow in the Pliocene marine deposits between the overlying 

lower aquifer and, in the eastern portion of the Subbasin, the underlying Santa Margarita 

Formation aquifer; 

• Layer 5 simulates groundwater flow in the Santa Margarita Formation aquifer in the eastern 

portion of the Subbasin. 
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1.4 Model Development Approach 

The process for developing the groundwater flow model was consistent with standard procedures 

outlined in literature and other guidelines (Anderson and Woessner, 1992; ASTM, 1993; CDWR, 

2016).  The process is outlined in Figure 3 and included: 

1. Identification of the Model Domain.  The model domain was selected to 

encompass the entire Tule Subbasin as described in Section 1.3 (see Figure 2).  

The model domain was presented to the Tule Subbasin TAC in TH&Co 

(2017a). 

 

2. Identification of the Model Software.   TH&Co selected a model code with 

capabilities to address the modeling objectives and provide a foundation for 

future model updates and applications.  A detailed description of the model 

code and suite of modeling tools selected for the Tule Subbasin groundwater 

flow model are provided in Section 3.1 of this report.  Selection of the model 

software was presented to the Tule Subbasin TAC in TH&Co (2017a). 

 

3. Data Compilation and Review.  It was necessary to compile and review 

geological, hydrological, hydrogeological, and other data (see Section 1.5) to 

develop the hydrogeologic conceptual model and provide data for calibration 

targets and boundary conditions.  Compiled data was organized and stored in 

a database for easy access and analysis.   

 

4. Hydrogeologic Conceptual Model Development.  The conceptual model was 

developed through the generation of hydrogeologic cross sections, 

groundwater contour maps, hydrographs, pumping test data, and groundwater 

quality data.  The data analyses resulted in determination of model boundary 

conditions, layers, initial groundwater levels, and an initial aquifer parameter 

distribution.  The hydrogeologic conceptual model was presented to the Tule 

Subbasin TAC in TH&Co (2017b). 

 

5. Development of Preliminary Surface Water and Groundwater Budgets.  

Streamflow, surface water imports, evapotranspiration data, land use, 

groundwater underflow, groundwater pumping, and other hydrogeologic data 

were compiled into comprehensive surface water and groundwater budgets.  

The water budgets provided initial flux estimates for input into the 

groundwater flow model.  The preliminary detailed historical surface water 
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and groundwater budgets were presented to the Tule Subbasin TAC in TH&Co 

(2017b), prior to development of the numerical model. 

 

6. Selection of the Calibration Period.  The model calibration period was 

selected based on the quality and quantity of data available for development of 

the conceptual model and preliminary water budget.  Using this criterion, the 

transient period for calibration was selected to be October 1986 through 

September 2017. 

 

7. Numerical Model Development.  Data and analyses from the conceptual 

model were converted into a form suitable for input into the numerical model.  

This included designing the model grid, determining the simulation stress 

periods, importing layer boundaries, developing model input files for the 

various hydrogeological stresses (e.g. groundwater production and recharge), 

and importing initial aquifer parameter zones. 

 

8. Model Calibration.  The process of model calibration involved adjusting 

aquifer properties and stresses until an acceptable match was obtained between 

measured groundwater levels and simulated groundwater levels.  Simulated 

changes in land surface elevation were also calibrated to data from Global 

Positioning System (GPS) stations and satellite data. 

 

9. Sensitivity Analysis.  A sensitivity analysis was conducted to assess the 

impact of varying aquifer properties and stresses on the model calibration. 

 

10. Uncertainty Analysis.  Using Sustainable Yield as the metric for evaluating 

model uncertainty, TH&Co developed a range in potential Sustainable Yield 

values from over 200 calibrated realizations of the model.  The range in 

potential Sustainable Yield represented the uncertainty in the model. 

1.5 Types and Sources of Data 

Compilation, review and analysis of multiple types of data were necessary to develop the 

groundwater flow model.  The various types of data are summarized in Figure 4 and include 

geology, soils/lithology, hydrogeology, surface water hydrology, climate, crop types/land use, 

topography, and groundwater recharge and recovery.  Groundwater levels, well construction 

information, groundwater quality, and pumping test data were stored in a relational database.  

Other types of data necessary for analysis were compiled into spreadsheets. 
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Data for the development of the groundwater flow model were obtained from multiple sources: 

Geological Data including geologic maps and cross sections were obtained from the United States 

Geological Survey (USGS) and the California Geological Survey (CGS). 

Soils/Lithological Data including detailed lithologic logs from wells and test boreholes, 

geophysical logs, and driller’s logs from wells and test boreholes from the CDWR, the USGS, the 

City of Porterville, the California Division of Oil, Gas and Geothermal Resources (DOGGR), and 

various local irrigation districts.  

Hydrogeologic Data including groundwater levels and pumping tests were obtained from the 

CDWR, Lower Tule River Irrigation District (LTRID), Deer Creek and Tule River Authority 

(DCTRA), Angiola Water District (AWD), the City of Porterville, Kern-Tulare Water District 

(KTWD), DEID, and the California Statewide Groundwater Elevation Monitoring (CASGEM) 

website. 

Groundwater Recharge and -Pumping Data including spreading basin locations and 

dimensions, artificial recharge, water well construction, well locations, groundwater production, 

surface water diversions, canal losses, and river losses were obtained from LTRID, Pixley 

Irrigation District, DEID, AWD, CDWR, Porterville Irrigation District, Tule River Association 

(TRA) annual reports, and DCTRA annual reports. 

Hydrological (i.e., Surface Water) Data consisted of stream gage data along the Tule River, Deer 

Creek, and White River were obtained from the USGS, DCTRA reports and TRA annual reports. 

Imported water deliveries were obtained from LTRID, Pixley ID, DEID, KTWD, AWD, and the 

United States Bureau of Reclamation (USBR). 

Climate Data was acquired from CDWR’s California Irrigation Management Information System 

(CIMIS), TRA reports, and the Western Regional Climate Center website.  

Land Use Data was obtained from the CDWR, LTRID, Pixley ID, Porterville ID, Saucelito ID, 

and the USGS Earth Resources Observation and Science Center.  Political boundaries were 

obtained from the California Cal-Atlas Geospatial Clearinghouse and the LTRID. 

Topographical Data including Digital Elevation Models (DEMs), topographical maps, GPS data, 

and Interferometric Synthetic Aperture Radar (InSAR) satellite data were acquired from the 

USGS, CDWR, and National Aeronautics and Space Administration (NASA) Jet Propulsion 

Laboratory (JPL). 

In addition to the various types of data, TH&Co reviewed numerous historical reports on the 

geology, hydrogeology and groundwater management of the model area.  These reports included 
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USGS publications, CDWR reports and bulletins, consultant reports and academic publications.  

Publications relied on for the model preparation are summarized in the References (Section 7).  
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2.0 Hydrogeologic Conceptual Model 

The hydrogeologic conceptual model is a description of the groundwater flow system of the Tule 

Subbasin and how it interacts with surface water and land use of the area.  The conceptual model 

includes a description of the geologic setting, boundary conditions, principal aquifers, and 

aquitards.  The hydrogeologic conceptual model for the GFM domain is addressed in detail in 

TH&Co (2017b).  This section presents a summary of the hydrogeologic conceptual model from 

that report. 

2.1 Geology 

Geologic formations observed at the land surface and in the subsurface beneath the Tule Subbasin 

can be grouped into five generalized geologic units, described below in order of increasing age: 

Unconsolidated Continental Deposits – These sediments consist of alluvial, fluvial (i.e., 

streambed deposits), flood plain, and lacustrine (i.e., lakebed) deposits (labeled “surficial 

deposits” on Figure 5).  The unconsolidated continental deposits range in thickness from 

0 ft at the eastern contact with the Sierra Nevada Mountains to more than 3,000 ft near the 

margins of Tulare Lake in the western part of the Subbasin (see Figure 5; Lofgren and 

Klausing, 1969).  Subsurface alluvial sediments consist of highly stratified layers of more 

permeable sand and gravel interbedded with lower permeability silt and clay.  Clear 

correlation of individual sand or clay layers laterally across the Tule Subbasin is difficult 

due to the interbedded nature of the sediments.  However, it is noted that the thickness of 

clay sediments in the upper 1,000 ft below ground surface (bgs) generally increases in the 

western portion of the Subbasin in the vicinity of Tulare Lake.  The unconsolidated 

continental deposits form the primary groundwater reservoir in the Tule Subbasin.   

The lowermost portion of unconsolidated continental deposits is generally correlated with 

the Tulare Formation.  The Tulare Formation is notable in that it includes the Corcoran 

Clay, a regionally extensive confining layer that has also been referred to as the “E-Clay” 

(see Figure 5) (Frink and Kues, 1954).  The Corcoran Clay consists of a Pleistocene 

diatomaceous fine-grained lacustrine deposit (primarily clay; Faunt, 2009).  In the Tule 

Subbasin, the Corcoran Clay is as much as 150 ft thick beneath the Tulare Lake lakebed 

but becomes progressively thinner to the east, eventually pinching out immediately east of 

Highway 99 (Lofgren and Klausing, 1969). 

Pliocene Marine Deposits – These sediments underlie the continental deposits and consist 

of consolidated to loosely consolidated marine siltstone with minor interbedded sandstone 

beds.  The marine siltstone unit thickens to the west, ranging from approximately 500 ft 

thick near State Highway 65 to more than 1,600 ft beneath Highway 99 (Lofgren and 
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Klausing, 1969; see Figures 2-5 and 2-6).  The marine siltstone beds dip sharply from the 

base of the Sierra Nevada Mountains on the east to the central portion of the valley in the 

west. The Pliocene marine strata have relatively low permeability and do not yield 

significant water to wells. 

Santa Margarita Formation – This formation occurs beneath the Pliocene marine strata 

and consists of Miocene (approximately 5.3 to 23 million years before present) sand and 

gravel that is relatively permeable and yields water to wells.  The formation is 

approximately 150 to 520 feet thick and occurs at depths ranging from 1,200 feet near State 

Highway 65 to greater than 3,000 feet beneath State Highway 99.  This formation is a 

significant source of groundwater to wells in the southeastern portion of the Tule Subbasin 

near the community of Richgrove (Lofgren and Klausing, 1969). 

Tertiary Sedimentary Deposits – Beneath the Santa Margarita Formation exists an 

interbedded assemblage of semi-consolidated to consolidated sandstone, siltstone and 

claystone of Tertiary age (approximately 2.6 to 66 million years before present).  Some 

irrigation wells in the southeastern part of the Tule Subbasin are known to produce fresh 

water from the Olcese Sand Formation, which is in the uppermost portion of the unit (Ken 

Schmidt, 2019.  Personal Communication).  The water quality of the groundwater in the 

Tertiary sedimentary deposits becomes increasingly saline to the southwest and most of 

the groundwater in the unit is not useable for crop irrigation or municipal supply except 

near Highway 65 (Lofgren and Klausing, 1969).   

Granitic Crystalline Basement – Sedimentary deposits beneath the Tule Subbasin are 

underlain by a basement consisting of Mesozoic granitic rocks that compose the Sierra 

Nevada batholith (Faunt, 2009).  At depth, the basement rocks are assumed to be relatively 

impermeable. 

There are no significant faults mapped in the Tule Subbasin that would form a groundwater flow 

barrier or affect groundwater flow. 

2.2 Hydrology 

The hydrology of the model domain includes five significant surface water features (see Figure 6): 

Tule River and Lake Success 

The Tule River is the largest natural drainage feature in the Tule Subbasin.  From its headwaters 

in the Sierra Nevada Mountains, the Tule River flows first into Lake Success.  Lake Success is a 

manmade reservoir created by the construction of Success Dam (see Figure 6).  Success Dam 

controls and measures releases of the Tule River.  Lake Success is not explicitly included in the 
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model although releases from the reservoir to the Tule River and Pioneer Canal, as recorded in 

TRA reports, are the basis for inflows to these surface water features.   

Downstream of Lake Success, the Tule River flows through the City of Porterville where it is 

diverted at various points before flowing into the LTRID.  A significant diversion point is the 

Porter Slough, which flows to the north and semi-parallel to the main river channel and is used to 

convey surface water to various recharge facilities and canals.  Downstream of Porterville, the 

Tule River ultimately discharges onto the Tulare Lakebed during periods of above-normal 

precipitation.  Stream flow is measured via gages located below Success Dam, at Rockford Station 

downstream of Porterville, and at Turnbull Weir (see Figure 6).   

Releases of water below Lake Success dam are diverted from the Tule River channel at various 

locations.  Diversion points along the river are located at the Porter Slough headgate, Campbell 

and Moreland Ditch Company, Vandalia Water District, Poplar Irrigation Company, Hubbs and 

Miner Ditch Company, and Woods-Central Ditch Company.  In the water budget, infiltration that 

occurs in the Porter Slough is included as infiltration from the Tule River.  Downstream of the 

Friant-Kern Canal the Tule River channel is also used as a conveyance mechanism to convey 

imported water to the Porterville Irrigation District (Porterville ID), LTRID and AWD.  Within 

the Porterville ID and LTRID, a combination of natural stream flow and imported water are further 

diverted into unlined canals for distribution to artificial recharge basins and farms.  Any residual 

stream flow left in the Tule River after diversions is measured at the Turnbull Weir, located at the 

west end of the LTRID (see Figure 6). 

As streambed infiltration in the Tule River is measured between the various stream gages by the 

TRA, the Tule River is incorporated into the GFM as part of the recharge package with separate 

zones delineated between the stream gages where streambed infiltration has been measured.  

Deer Creek 

Deer Creek is a natural drainage that originates in the Sierra Nevada Mountains, flowing in a 

westerly direction north of Terra Bella and into Pixley (see Figure 6).  Although the Deer Creek 

channel extends past Pixley, discharges rarely reach the Tulare Lake lakebed.  Stream flow in Deer 

Creek has been measured at the USGS gaging station at Fountain Springs from 1968 to present 

time.  Friant-Kern Canal water is also diverted into the Deer Creek channel and again measured at 

Trenton Weir before being delivered to riparian lands via unlined canals (see Figure 6).  During 

wet years, water that reaches the terminus of Deer Creek is discharged into the Homeland Canal. 

Deer Creek is included in the GFM as part of the recharge package, with separate zones delineated 

between stream gages where streambed infiltration has been estimated. 
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White River 

The White River drains out of the Sierra Nevada Mountains east of the community of Richgrove 

in the southern portion of the Tule Subbasin (see Figure 6).  Stream flow in the White River has 

been measured at the USGS gaging station near Ducor from 1972 to 2005.  Data after 2005 has 

been extrapolated.  The White River channel extends as far as State Highway 99 but does not reach 

the Tulare Lake lakebed.  All streamflow in the White River that is not lost to evaporation is 

assumed to become groundwater recharge. 

The White River is included in the Tule Subbasin model as part of the recharge package. 

Tulare Lake 

During the calibration period (1986 through 2017), Tulare Lake has been a dry lakebed except for 

localized residual marshes and wetlands and occasional flooding.  This surface water feature is not 

explicitly included in the model. 

2.3 Hydrogeology 

In general, five aquifer/aquitard units comprise the Tule Subbasin: 

1. Upper Aquifer (Model Layer 1) 

2. The Corcoran Clay Confining Unit and Other Confining Units (Model Layer 2) 

3. Lower Aquifer (Model Layer 3) 

4. Pliocene Marine Deposits (generally considered an aquitard) (Model Layer 4) 

5. Santa Margarita and Olcese Formations of the Southeastern Subbasin (Model 

Layer 5) 

Detailed descriptions of these aquifers/aquitards are provided in TH&Co (2017b) and TH&Co 

(2020).   

In general, groundwater in the Tule Subbasin flows from areas of natural recharge along major 

streams at the base of the Sierra Nevada Mountains on the eastern boundary towards a groundwater 

pumping depression in the west-central portion of the Subbasin (see Figures 7, 8 and 9).  The 

pumping depression has reversed the natural groundwater flow direction in the western portion of 

the Subbasin, inducing subsurface inflow across the southern and western boundaries.  Recharge 

from the Tule River results in a groundwater flow divide in the upper aquifer along the northern 

boundary of the Tule Subbasin.  As such, upper aquifer groundwater on the north side of the river 

flows to the north and out of the Subbasin.  Groundwater flow patterns in the upper aquifer have 

generally not changed significantly since the late 1980s (see Figures 7 and 8). 



  Tule Subbasin Technical Advisory Committee                                                                                            

Groundwater Flow Model of the Tule Subbasin                                                                            January 2020 

 

 

 
11 

 

In the lower aquifer, groundwater flows to the southwest toward a pumping depression in the 

western portion of the Subbasin (see Figure 9).  This pumping depression extends from west of 

Corcoran in the northwest to the Alpaugh area in the southwestern Tule Subbasin west of 

Highway 43.   

Groundwater level changes over time can be observed from hydrographs for wells monitored in 

the Tule Subbasin.  Despite a relatively wet hydrologic period between 1995 and 1999 and periodic 

wet years (2005 and 2011), groundwater levels in upper aquifer wells show a persistent downward 

trend between approximately 1987 and 2017 (see Figure 10).  Groundwater level trends in wells 

perforated exclusively in the lower aquifer vary depending on location in the Subbasin (see 

Figure 11).  In the northwestern part of the Subbasin, lower aquifer groundwater levels have shown 

a persistent downward trend from 1987 to 2017.  In the southern part of the Subbasin, groundwater 

levels were relatively stable between 1987 and 2007 but began declining after 2007.   

Comparisons of hydrographs for wells perforated in the upper aquifer with nearby wells perforated 

predominantly in the lower aquifer show that groundwater levels in the upper aquifer are higher 

than groundwater levels in the lower aquifer (see Figure 12).  This indicates a downward hydraulic 

gradient and indicates that the upper aquifer is recharging the lower aquifer of the Tule Subbasin.  

Faunt (2009) has suggested that the recharge of the lower aquifer via wells that are perforated 

across both aquifers has increased with the number of deep wells constructed in the San Joaquin 

Valley. 

2.4 Land Subsidence 

Land subsidence in the Tule Subbasin as a result of lowering the groundwater level due to 

groundwater production has been well documented (Ireland et al., 1984; Faunt, 2009; Luhdorff 

and Scalmanini, 2014).  Prior to 1970, as much as 12 ft of land surface subsidence was documented 

for the area immediately south of Pixley (Ireland et al., 1984).  As groundwater levels stabilized 

in the area throughout the 1970s and early 1980s, land subsidence was largely arrested.  During 

this time, monitoring for land subsidence that had previously been conducted along the portion of 

the Friant-Kern Canal that is within the Tule Subbasin was discontinued. 

From the late 1980s into the 2000s, it is suspected that land subsidence in the Tule Subbasin was 

reactivated as groundwater levels declined.  Groundwater flow model simulations of land 

subsidence in the Central Valley by Faunt et al. (2009), which were calibrated to historical land 

subsidence that occurred in the 1960s, simulated an additional two to four feet of land subsidence 

between 1986 and 2003.   

The reactivation of land subsidence in the Subbasin was confirmed in the late 2000s based on data 

from InSAR satellites and one GPS station located in Porterville, California.  InSAR data showed 
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as much as four feet of additional land subsidence occurring in the northwestern portion of the 

Tule Subbasin between 2007 and 2011 (see Figure 13) (Luhdorff and Scalmanini, 2014).  The GPS 

data showed that approximately 0.4 ft of land subsidence occurred in the Porterville area between 

2007 and 2011.  From 2015 through 2018, land subsidence in the Tule Subbasin, as observed from 

InSAR data, continued with as much as 2.75 ft of additional land subsidence in the northwest 

portion of the Subbasin and as much as 0.75 ft of additional land subsidence at the Porterville GPS 

station (see Figure 14).  GPS data from the Delano, California station, located outside the Subbasin, 

showed approximately 1 ft of subsidence between 2012 and 2016.  Based on benchmarks located 

along the Friant-Kern Canal and monitored by the Friant Water Authority (FWA), cumulative land 

subsidence along the canal between 1959 and 2017 has ranged from approximately 1.7 ft in the 

Porterville area to 9 feet in the vicinity of Deer Creek (see Figure 13). 

The rate of land subsidence in the Tule Subbasin varies both spatially, according to the geology of 

the subsurface sediments and scale of groundwater level declines, and temporally with changes in 

groundwater levels associated with wet and dry periods.  The average rate of change in land surface 

elevation between 1987 and 2018 for the area of maximum subsidence was estimated to be 

approximately 12 feet over the 32-year period for a rate of 0.4 ft/yr.  At the Porterville GPS station, 

the annual rate of subsidence between 2006 and 2013 was approximately 0.1 ft/yr but increased to 

approximately 0.3 ft/yr between 2013 and 2019 (see Figure 14). 
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3.0 Groundwater Flow Model 

3.1 Description of Model Codes 

The Tule Subbasin groundwater flow model was developed using the numerical groundwater flow 

model code MODFLOW.  MODFLOW is a block centered, finite difference groundwater flow 

modeling code developed by the USGS for simulating groundwater flow (McDonald and 

Harbaugh, 1988).  MODFLOW is one of the most widely used and critically accepted model codes 

available (Anderson and Woessner, 1992). 

In order to simulate surface water and groundwater interaction, land surface subsidence, and 

agricultural water budget components in the Tule Subbasin, TH&Co utilized the MODFLOW 

variant One-Water Hydrologic-Flow Model or MODFLOW-OWHM (Hanson et al.,2014, Boyce 

et al., 2018, and Boyce et al., in review).  Specifically listed in CDWR (2016), this model code is 

designed to simulate the use and movement of water in irrigated agricultural areas with unmetered 

pumping and is particularly applicable to the Tule Subbasin where the majority of surface water 

and groundwater use is for agricultural irrigation. 

3.2 Model Size and Grid Geometry 

The GFM domain is approximately 41 miles in the east-west direction and 36 miles in the north-

south direction and encompasses approximately 1,472 square miles at the western base of the 

Sierra Nevada Mountains in the south-central portion of the San Joaquin Valley Groundwater 

Basin (see Figures 1 and 2). 

The model domain is discretized into 216 columns and 190 rows with 1,000 ft by 1,000 ft cells 

(see Figure 15).  Each model layer is divided into 41,040 cells with a total of 205,200 cells in the 

entire five-layer model.  The site coordinate system for the model was established in NAD 83 State 

Plane CA Zone 4. 

3.3 Temporal Discretization 

Both recharge and discharge were applied to the GFM in monthly stress periods for the calibration 

period (October 1986 through September 2017).  October 1986 was selected as the starting time 

to include multiple dry and wet hydrologic periods and to avail the analysis of a previous water 

budget conducted by TH&Co (2015) that accounts back to 1986.  The model period ended in 

September 2017 which corresponds to the end of the 2016/17 water year because that was the last 

month of complete surface water data. 
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3.4 Water Budget Areas 

The Farm Process Package of MODFLOW accounts for the application, consumption and 

movement of water at the land surface in irrigated agricultural areas.  The surface water budget is 

coupled with the groundwater flow system in the sense that the applied water demand of any given 

agricultural area that is not met by surface water supplies (i.e., imported water, diverted 

streamflow, or precipitation) is assumed to be supplied by pumped groundwater.  In the Farm 

Process Package, agricultural areas can be subdivided to account for differences in crop type, e.g., 

irrigation efficiency, and available surface water supply, among others.  To account for these 

unique water budget areas, the Farm Process Package (FMP) for the Tule Subbasin model was 

divided into agricultural water budget areas (referred to as “Farms” in Schmid and Hanson, 2009 

and “water budget areas” (WBAs) in subsequent publications [Boyce et al., in review]). 

The water budget areas assigned to the GFM are shown on Figure 16.  Some of the water budget 

areas in the Tule Subbasin were delineated to match, or at least resemble, established irrigation 

districts or GSA political boundaries (e.g., WBAs 9, 11 and 12, which represent LTRID, Pixley 

Irrigation District and DEID, respectively).  Other WBAs were identified for areas of similar crop 

types or areas not specifically identified with an agency.  Agricultural water budgets were 

developed for each WBA in accordance with the land use and surface water supply data available 

for those areas.   

3.5 Agricultural Water Use 

Agricultural water use is simulated in the GFM using the FMP.  Agricultural water use is a function 

of the total water demand of any given water budget zone, which is supplied through a combination 

of precipitation, surface water supplies, and groundwater pumping.   

3.5.1 Estimates of Total Agricultural Irrigation Demand 

Total agricultural irrigation demand is the total water demand necessary to sustain a crop in any 

given area.  It is estimated based on land use data showing the types and areas of crops grown, 

evapotranspiration estimates for the individual crop types, and assumptions for irrigation 

efficiency based on the types of irrigation used to supply water to the crops (e.g., spray, drip, row 

and furrow, etc.).   

Information on the types and areas of crops for the LTRID, Pixley Irrigation District, Porterville 

Irrigation District, and Saucelito Irrigation District were obtained from annual crop surveys from 

each respective district.  The types and areas of crops in other parts of the Tule Subbasin were 

estimated from land use maps and associated data published by the CDWR for 1993, 1999, 2007 

and 2014 (see Figure 17).  For the portion of the model in Kern County, land use maps were 

obtained from CDWR (1990 and 2014) and Kern County Department of Agriculture and 
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Measurement Standards (1999 and 2007).  For the portion of the model in Kings County, land use 

maps were obtained from CDWR for 1991, 1996, 2003, and 2014. 

Consumptive use estimates for the various crop types were based on demands specific to the crops 

in the Tule Subbasin area, as published in ITRC (2003).  The crop consumptive use estimates took 

into account effective precipitation (i.e. consumptive use associated with precipitation was 

removed from the total demand resulting in consumptive use associated with irrigation only).  Crop 

types were grouped into the following categories (see Table 1): 

• Grain and Grain Hay 

• Truck 

• Corn and Silage 

• Miscellaneous Field Crops 

• Grapes 

• Cotton 

• Deciduous and Fruit Trees 

• Alfalfa and Pasture 

• Nuts 

Where appropriate, crop consumptive use estimates for any given area accounted for double 

cropping. 

Deep percolation of applied irrigation water (i.e., return flow) was estimated based on the irrigation 

method for each land use type reported in CDWR land use maps.  Irrigation efficiencies were 

applied to the different irrigation methods based on tables reported in California Energy 

Commission (2006).  The irrigation types and their respective efficiencies are as follows: 

• Border Strip Irrigation – 77.5 percent 

• Micro Sprinkler – 87.5 percent 

• Surface Drip Irrigation – 87.5 percent 

• Furrow Irrigation – 67.5 percent 

TH&Co assigned a single crop consumptive use and irrigation efficiency estimate to each water 

budget zone for any given time period.  Each was area-weighted according to the land use in that 

zone (see Table 2).  In order to simulate changes in cropping patterns over time, TH&Co relied on 

CDWR land use maps for 1993, 1999, 2007, and 2014.  TH&Co estimated area-weighted irrigation 

efficiencies for two time periods: 1986 to 2002 and 2003 to 2017.  
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Total estimated agricultural irrigation demand for any given time period was based on the area-

weighted consumptive use estimate multiplied by the area of the water budget zone divided by the 

irrigation efficiency.  

3.5.2 Estimates of Individual Water Supplies to Meet Irrigation Demand 

Agricultural irrigation demand is met from three sources: precipitation, surface water deliveries, 

and groundwater pumping.  Consumptive use estimates from ITRC accounted for effective 

precipitation (see Section 3.5.1).  Thus, irrigation demand in the WBAs of the model was met from 

surface water supplies and groundwater pumping.   

Surface water deliveries to crops occur via imported water from the Friant-Kern Canal and other 

canals in the Subbasin as well as diverted streamflow from the Tule River and Deer Creek.  

Monthly imported surface water deliveries for WBAs covering Porterville ID, Saucelito Irrigation 

District, Tea Pot Dome Water District, Alpaugh Irrigation District, Atwell Island Irrigation 

District, and Terra Bella Irrigation District were obtained from United States Bureau of 

Reclamation (USBR) Central Valley Operation Annual Reports.  Monthly imported water data for 

LTRID and other agencies was provided by the respective agencies.  Monthly surface water 

deliveries of diverted streamflow from the Tule River are based on TRA annual reports.  Monthly 

surface water deliveries of diverted streamflow from Deer Creek were provided by agencies that 

divert the water. 

Groundwater pumping is estimated in each water budget zone as the balance of the total water 

demand not met from precipitation and surface water supplies.  

Historical agricultural water demand by source is summarized in Appendix A. 

3.6 Boundary Conditions 

Boundary conditions specify groundwater elevations (head boundaries) or flows (flux boundaries, 

for example pumping wells) near the perimeter and/or within the model domain.  Functionally 

speaking, boundary conditions add or remove water from the groundwater system and can be 

specified anywhere in the model. 

3.6.1 Lateral Model Boundaries 

Boundary conditions applied near the perimeter of the model domain include no-flow cells 

(inactive), recharge points along the base of the Sierra Nevada Mountains, and time-varying 

specified head cells (see Figure 15).  Due to the uncertainty of groundwater flow in the fractured 

bedrock of the Sierra Nevada Mountains, the portion of the model domain overlying the surface 

expression of the bedrock in this area was designated as “inactive” and assigned with “no-flow” 
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cells.  Groundwater recharge attributed to subsurface inflow from the mountain-block to the 

alluvial aquifer system was addressed using recharge points (i.e. injection wells) placed at the base 

of the mountains within the active model area.  Groundwater levels at the north, west and southern 

Subbasin boundaries are constrained to measured groundwater levels in 29 wells located near the 

model boundary; 15 wells perforated in the upper aquifer and 14 wells perforated in the lower 

aquifer (see Figure 15).  Groundwater levels in between the control wells were spatially and 

temporally interpolated for any given monthly stress period.  Hydrographs for boundary control 

wells are provided in Appendix B. 

3.6.2 Layer Elevations 

Model layers were developed based on analysis of five hydrogeologic cross sections extended 

through the model domain (see Figures 5, 18, and 19; Plates 1 through 5).  The cross sections were 

developed based on driller’s logs, geophysical logs, and well construction information.  The top 

of Layer 1 is the ground surface as imported from USGS DEMs with a horizontal 1 arc-second 

(approximately 10-meter) resolution and vertical accuracy of approximately 3 meters; these values 

were averaged for each 1,000 ft x 1,000 ft cell.  The boundaries between each model layer were 

contoured using ESRI ArcMap v. 10.6.1 based on the layer top and bottom elevations from the 

cross sections and other control points from well logs and geophysical logs.   

Model Layer 1 corresponds to the Upper Aquifer.  The bottom of Layer 1 was selected to correlate 

with the top of the Corcoran Clay, where it exists, and is generally shallower than the top of 

perforations for most wells in the eastern part of the Tule Subbasin.  The thickness of Layer 1 

ranges from less than 50 feet in an area north of Porterville to approximately 450 feet near 

Corcoran (see Figure 20).  This layer was designated as convertible (i.e., variably 

unconfined/confined) although given that groundwater levels are always below the land surface, 

this layer is always unconfined. 

Layer 2 corresponds to the Corcoran Clay, where it exists, primarily west of Highway 99 (see 

Figure 18).  The thickness of Layer 2 ranges from approximately 50 feet at the base of the Sierra 

Nevada Mountains in the eastern model domain to approximately 500 feet in the western part of 

the model domain (see Figure 21).  This layer was designated as convertible such that when 

groundwater levels are above the top of the model layer, storage properties associated with 

confined conditions were applied and when groundwater levels are below the top of the model 

layer, storage properties associated with unconfined conditions were applied. 

Layer 3 generally corresponds to the Lower Aquifer.  This aquifer ranges in thickness from less 

than 250 feet at the base of the Sierra Nevada Mountains to approximately 2,000 feet in the 

northwest model domain (see Figure 22). Like the overlying layers, Layer 3 was designated as 

convertible. 
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Layer 4 generally correlates to Pliocene marine sedimentary deposits in the eastern portion of the 

Tule Subbasin.  This layer is generally considered an aquitard separating the overlying Lower 

Aquifer (Layer 3) from the underlying Santa Margarita Formation aquifer (Layer 5).  The thickness 

of Layer 4 ranges from less than 250 feet along the model edges to greater than 1,700 feet in the 

south-central model area (see Figure 23).  This layer is modeled as confined. 

Layer 5 represents the Santa Margarita Formation and upper portion of the Olcese Formation in 

the eastern part of the Tule Subbasin.   The thickness of this layer ranges from 0 to 1,000 feet thick 

(see Figure 24).  The bottom of Layer 5 is a no flow boundary.  This layer is modeled as confined. 

3.6.3 Groundwater Level Initial Conditions 

The initial groundwater level conditions for the start of the model transient period was based on a 

groundwater contour map of the model domain generated from groundwater levels measured in 

from October 1986 to March 1990 (see Figure 7). 

3.6.4 Groundwater Recharge 

3.6.4.1 Agricultural Return Flow – Farm Process Package 

Deep percolation and groundwater recharge of applied water from agricultural irrigation (i.e., 

return flow) was addressed using the FMP.  Return flow was simulated using FMP based on the 

average consumptive use and irrigation efficiency assigned to each water budget zone.  

3.6.4.2 Mountain-Block Recharge – Well Package 

Subsurface inflow to the alluvial aquifer system from the fractured bedrock along the base of the 

Sierra Nevada Mountains was simulated using the Well Package (WEL).  Thirty-seven injection 

wells were placed at the base of the Sierra Nevada Mountains along the bedrock alluvial interface 

to simulate the recharge (see Figure 15).  Recharge was directed into Layer 3 of the model.  As the 

contribution of recharge to the alluvial aquifer system from the mountain block is one of the least 

known aspects of the water budget, recharge rates in the injection wells were varied across a wide 

range during the calibration process in order to find the optimum recharge rate to achieve model 

calibration. 

3.6.4.3 Subsurface Inflow in the Alluvial Channel of the Tule River 

Some subsurface inflow of groundwater is expected in the Tule River channel at the eastern 

boundary of the active model area.  This inflow was simulated with a time-varying specified head 

cell placed at the location of Well 22S/28E-03H01.  The specified heads were fixed at the 

groundwater levels measured in this well for its period of record from October 1986 to February 
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2008 (see Appendix B).  The flows from this boundary condition are represented as the Mountain 

Block Recharge in the water budget. 

3.6.4.4 Other Recharge 

For all other recharge in the Tule Subbasin Model, recharge was applied to the uppermost active 

model layer within 71 individual recharge zones using the MODFLOW Recharge Package (RCH).  

The following sources of groundwater recharge were simulated in the model using the Recharge 

Package: 

• Deep percolation of precipitation 

• Streambed infiltration and recharge in the Tule River (including Porter Slough), 

Deer Creek, and White River channels 

• Artificial recharge in basins 

• Infiltration in unlined canals 

• Areas of septic return flow and urban landscape return flow 

3.6.5 Groundwater Pumping 

Groundwater pumping was simulated using the MODFLOW Multi-Node Well Package (MNW2).  

For agricultural groundwater production, pumping was assigned to individual wells based on the 

required pumping demand estimated from the FMP.  For most areas of the model, representative 

wells were placed at mile-square centers and perforated in accordance with the average perforation 

interval of wells in their respective water budget zone from driller’s logs in the CDWR driller’s 

log database (see Figure 25).  In the 10-mile corridor centered on the Friant-Kern Canal, a more 

detailed accounting of actual pumping wells was input with reported perforation intervals in order 

to provide for a more detailed analysis of land subsidence along the canal.  A total of 1406 

agricultural wells were included in the model. 

For municipal pumping (e.g., City of Porterville) and agency pumping (e.g., Angiola Water 

District) where the locations and depth intervals of the wells were known or inferred, the wells 

were included in the model explicitly.  A total of 273 municipal or irrigation district wells were 

included in the model (see Figure 25) 

Groundwater production was assigned to each well in the model in monthly stress periods.  

Agricultural pumping was assigned to individual wells based on the required pumping demand 

estimated from the FMP.  Annual agricultural and municipal groundwater pumping for the period 

of the model is shown in Figure 26. 
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3.7 Aquifer Characteristics 

The propensity of aquifer sediments to transmit and store water is described in terms of 

transmissivity, hydraulic conductivity, and storativity.  The aquifer system of the Tule Subbasin is 

highly heterogeneous and aquifer permeability and storage characteristics vary greatly both 

laterally and vertically.  Where possible, TH&Co relied on long-term pumping test data to develop 

initial ranges of aquifer parameter estimates for input to the model (see Table 3).  In the absence 

of this type of test, aquifer parameter estimates were also obtained from analysis of short-term 

pumping tests, textural analysis obtained from Faunt et al. (2009), and/or assignment of literature 

values based on the soil types observed in driller’s logs.  This section describes the aquifer 

parameters used in the GFM. 

3.7.1 Transmissivity and Hydraulic Conductivity 

Transmissivity is a measure of the propensity for groundwater to flow within an aquifer and was 

primarily developed for analysis of well hydraulics in confined aquifers (Freeze and Cherry, 1979).  

Multiple sources of data for estimating transmissivity were obtained, reviewed, and analyzed, 

including previous modeling efforts (Faunt et al., 2009), other technical reports, and pumping test 

data from local agencies (Schmidt, 2018).  Transmissivity estimates were obtained from pumping 

test data for 225 wells, 29 of which were perforated only within the Upper Aquifer, 70 of which 

were perforated only within the Lower Aquifer, and 126 of which were perforated across multiple 

aquifers.  Of the available pumping test data, 43 tests were known to be long-term tests (i.e., 24 

hours or greater) and 55 tests were known to be short-term specific capacity tests (see Table 3).  

Details on the test duration for the remaining 125 wells was unknown. 

The permeability of the sediments with respect to a given fluid (in this case, groundwater) in each 

layer of the model is expressed as hydraulic conductivity.  Horizontal hydraulic conductivity is 

related to transmissivity through the following relationship: 

𝐾 =  
𝑇

𝑏
 

Where: 

  K =  Horizontal hydraulic conductivity (ft/day); 

T  =  Transmissivity (ft/day); and 

  b  =  Aquifer thickness (ft) 

 

Given our configuration of MODFLOW-OWHM, hydraulic conductivity was an input to the GFM 

whereas transmissivity was not.  The distribution of horizontal hydraulic conductivity in each layer 
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of the model was initially developed based on pumping test data and associated transmissivity 

estimates, supplemented with interpretation of soil properties through texture analysis, and 

finalized through the calibration process described in Section 3.8.  The initial horizontal hydraulic 

conductivity distribution of each model layer was developed as a map that included pumping test-

derived values overlaid on a visualization of percent coarse sediment by layer from soil textural 

analysis obtained from Faunt et al. (2009).  Higher percentages of coarse-grained sediment were 

correlated with higher hydraulic conductivity values. 

Hydraulic communication between adjacent model layers was addressed through vertical 

hydraulic conductivity.  Because sediments are generally deposited in layers in alluvial/fluvial 

environments, horizontal hydraulic conductivity is often significantly greater than vertical 

hydraulic conductivity.  Such sediments are said to be vertically anisotropic.  Quantification of 

vertical hydraulic conductivity was accomplished via model calibration as described in 

Section 3.8.  Similarly, the sediments may also be horizontally anisotropic as noted in Neuman et 

al. (1984) and more recently in Gianni et al. (2019).  Like the vertical hydraulic conductivity, 

horizontal anisotropy was also quantified through model calibration. 

3.7.2 Storage Properties 

The release and uptake of water to and from storage was simulated using specific yield, specific 

storage, the elastic storage coefficient, and the inelastic storage coefficient.  Specific yield and the 

elastic storage coefficient govern the reversible release and uptake of water whereas the inelastic 

storage coefficient governs the irreversible release of water due to compaction of porous media. 

• Specific yield represents unconfined storage associated with draining or filling of porous 

media due to changes in the water table.  It is defined as the difference between porosity 

and specific retention, where porosity is associated with the pore space volume and specific 

retention is associated with that portion of the pore space volume that does not drain. 

• Specific storage represents confined storage associated with expansion or compression of 

both water and soil ‘skeleton’.  These processes are simulated within MODFLOW-OWHM 

by considering both elastic (reversible) compression and expansion of the soil skeleton and 

inelastic (irreversible) compression of the soil skeleton.  As the term is used here, inelastic 

compression is the irreversible reduction in pore space that results in land subsidence. 

The values of these storage properties were quantified through model calibration as described in 

Section 3.8. 
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3.7.2.1 Specific Yield 

Layers 1, 2, and 3 of the GFM may be unconfined or confined (i.e., they are specified to be 

‘convertible’ as noted above) depending on groundwater level conditions, which vary transiently 

throughout the model simulation.  The specific yield values for these three uppermost model layers 

are specified exclusively in the LPF package.  Conversely, being specified as confined layers, 

values of specific yield are not assigned to Layers 4 and 5. 

Although previous model studies of the Tule Subbasin provided estimates of specific yield (Ruud 

et el, 2003; Faunt et al., 2009), to date, there are no measured data with which to estimate specific 

yield.  

3.7.2.2 Specific, Elastic, and Inelastic Storage 

In MODFLOW, the layer property flow package (LPF) is linked to the subsidence package (SUB) 

displacements through changes in the elevations of cell-by-cell layer boundaries.  Given this 

linkage, parameters associated with the elastic and inelastic storage are specified in both packages.  

Specifically, subsidence is computed using the values for specific storage in the LPF package 

(which have dimensions of 1/ft) and the dimensionless elastic and inelastic storage coefficients in 

the SUB package.  The portion of elastic and inelastic storage associated with the compressibility 

of water is specified in the LPF package as the ‘specific storage’ whereas the portion associated 

with compressibility of the soil skeleton were assigned in the MODFLOW subsidence package.  

Elastic storage is associated with the reversible compressibility of the soil skeleton whereas 

inelastic storage is associated with the irreversible compressibility of the soil skeleton. 

3.7.3 Critical Hydraulic Head 

Land subsidence in the SUB package of the model is a function of the effective stress of the aquifer 

system and changes in hydraulic head.  

Non-recoverable (i.e., irreversible or inelastic) land subsidence occurs in the SUB package when 

the change in effective stress under a given hydraulic head condition exceeds the previous 

maximum effective stress (or pre-consolidation stress) of the aquifer system.  This maximum 

effective stress can generally be defined by the previous lowest groundwater level (Sneed, 2001), 

herein referred to as the “critical head.” 

In order to define the critical head in the Tule Subbasin groundwater model, TH&Co analyzed the 

previous lowest groundwater level in the Tule Subbasin prior to the start of the model transient 

period in 1986.  In general, this groundwater level condition is indicative of the early to mid-1960s, 

as documented in Ireland et al., 1984.  The historical low groundwater level prior to 1986 in each 



  Tule Subbasin Technical Advisory Committee                                                                                            

Groundwater Flow Model of the Tule Subbasin                                                                            January 2020 

 

 

 
23 

 

calibration target well was used to provide an initial estimate of critical head, which was refined 

through model calibration. 

3.8 Model Calibration 

As noted in CDWR (2016), model calibration is required by the GSP Regulations (§352.4(f)(2)). 

Calibration is performed to demonstrate that the model can reasonably reproduce (simulate) 

historical measurements (e.g., groundwater elevations and land subsidence measurements).  

Calibration generally involves iterative adjustments of various model parameters until the 

simulated results reasonably match historical measurements.  As their precise values are unknown, 

aquifer characteristics such as those described in the previous subsection are commonly modified 

during model calibration.  Adjustment of parameter values is constrained within a range of 

reasonable values through review of aquifer test data, borehole data, hydrographs, and literature 

data.   

The precise values of the numerous aquifer characteristics described in the previous subsection 

(i.e., horizontal hydraulic conductivity, vertical hydraulic conductivity, horizontal anisotropy, 

specific yield, specific storage, elastic storage, inelastic storage, and critical head) vary laterally 

and vertically throughout the Subbasin and are unknown.  Therefore, these characteristics were 

quantified through calibration.  Given the functionality provided by MODFLOW-OWHM, 

consumptive use and mountain block recharge were refined from initial values through calibration. 

Given the large number of these ‘calibration parameters’, their spatial variability within and across 

model layers, the interconnection between water levels and land subsidence, and the goal of 

conducting a predictive uncertainty analysis as described in CDWR (2016), ‘trial-and-error’ 

calibration (as described in Anderson and Woessner, 1992) was largely abandoned in favor of 

automated calibration using PEST (Doherty, 2003 and 2015).  The GFM was calibrated to both 

measured groundwater levels and measured changes in land surface elevation.   

3.8.1 Calibration Targets for Groundwater Levels 

Simulated groundwater levels were calibrated to measured data collected between October 1986 

and September 2017 in selected monitoring wells throughout the Tule Subbasin.  The 32 target 

wells for the model calibration are shown on Figure 27.  The model was specifically calibrated to 

groundwater level observations from wells perforated exclusively in either model Layers 1, 3, or 4.  

Calibration to observed groundwater levels in Layer 2 was not conducted due to a lack of 

observation wells perforated in this layer.  Groundwater level data specific to Layer 5 is not 

available.  Other criteria for selection of calibration target wells included: 

1. Adequate historical groundwater level record. 
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2. Relative assurance that the measured data were indicative of static groundwater level 

conditions. 

3.8.2 Calibration Targets for Land Subsidence 

Land subsidence was calibrated at 45 target locations to Interferometric Synthetic Aperture Radar 

(InSAR) satellite data (see Figure 28).  InSAR is a technique for measuring changes in land surface 

elevation using two or more radar images of the earth’s surface to determine any change in land 

surface elevation.  TH&Co obtained historical InSAR land subsidence data for the 45 target 

locations from the Jet Propulsion Laboratory (JPL).  The 45 target calibration locations are 

generally evenly space across the Tule Subbasin area at 3- to 4-mile spacings.  Data were available 

for the following periods of time: 

• 2007 - 2011 

• 2014 - 2015 

• 2015 - 2017 

TH&Co was also able to calibrate land subsidence to land surface elevation data from two Global 

Positioning Stations (GPS) located near the Porterville Airport and the City of Delano.  Land 

surface elevation data was available for both stations for the period from November 2005 to May 

2018 (see Figure 14).   

Calibration of changes in land surface elevation was conducted based on relative changes in land 

surface elevation rather than actual elevation.  Land surface elevation datum was not available at 

an accuracy that would provide a meaningful reference for calibrating actual land surface 

elevation.  The top of the model is defined based on the USGS DEM, which has a vertical accuracy 

of plus/minus 3 meters (see Section 3.6.2).  In addition, it is possible that the elevation defined by 

the DEM, which is based on NAVD 88, changed between the time the reference was defined and 

1986 (the start of the transient model period).  Given these limitations, TH&Co instead calibrated 

land subsidence based on relative change in land surface elevation indicated by the InSAR data 

for the three time periods indicated above and the data from the Porterville and Delano GPS 

stations. 

3.8.3 Calibration Process 

The general calibration process for the GFM included the following steps: 

1. A plausible range of values for each of the 41 parameters was assigned to each of 109 pilot 

points evenly spaced within Layers 1 through 4 and 53 pilot points evenly spaced within 
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Layer 5 (see Figure 27).  The magnitude of the range assigned to each parameter at each 

pilot point varied based on the quality of the data in the vicinity of the pilot point.  For 

example, pilot points near wells with controlled pumping test data were given a smaller 

range than those in areas with no available pumping test data. The input parameter 

groupings that were adjusted during the calibration process included: 

• Horizontal hydraulic conductivity (‘kh’); 

• Vertical hydraulic conductivity (‘kv’); 

• Horizontal anisotropy (‘hani’); 

• Specific yield (‘sy’); 

• Specific storage(‘ss’); 

• Elastic storage (‘ske’); 

• Inelastic storage (‘skv’); 

• Critical head (‘ch’); 

• Mountain block recharge (MBR; ‘wm’); 

• Crop consumptive use (‘um’); and 

• Well radius (‘rad’). 

2. Some parameters are expected to be correlated with horizontal hydraulic conductivity 

(‘kh’).  Therefore, they were expressed as functions of ‘kh’ based on literature values and 

professional judgment within PEST to maintain a reasonable degree of consistency among 

such parameters.  For example, soils with high ‘kh’ values generally have high ‘sy’ values; 

conversely, soils with high ‘kh’ values generally have low ‘ske’ values. 

3. Given the number of pilot points and associated calibration parameters, several thousand 

MODFLOW-OWHM runs through PEST and its utility programs were required to 

calibrate the GFM, complete the sensitivity analysis, and provide the information needed 

for the predictive uncertainty analysis. 

4. The calibration parameters most sensitive parameters to model outcome (defined as the 

change to the objective function) are horizontal hydraulic conductivity of Layers 1 through 

4 (kh1 through kh4) and specific yield of Layer 1 (sy1). 

3.8.4 Calibration Results 

Using PEST and its associated utility programs, over 200 calibrated models were generated.  That 

is, owing to the non-uniqueness of the solution to hydrogeologic models in general, over 

200 different spatial configurations of the calibration parameters that resulted in a calibrated model 

were generated.  Additional calibrated models could have been generated but given the ultimate 

objective of quantifying the sustainable yield and its uncertainty, having over 200 calibrated 

models was deemed sufficient.  Plan-view plots showing the spatial distribution of the calibration 
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parameters for all five model layers for one of these calibrated models are provided in Appendix C.  

Visual inspection of these plots shows the calibrated values to be reasonable given the available 

Subbasin-specific and literature data (e.g., the calibrated values of horizontal hydraulic 

conductivity are in generally good agreement with those obtained from pumping tests as shown on 

the plan-view plots).  The range of values for the most sensitive parameter groups (i.e., hydraulic 

conductivity and specific yield) are as follows: 

 
Horizontal Hydraulic Conductivity; kh 

(ft/day)* 
Specific Yield; sy (unitless) 

Model Layer Minimum Average Maximum Minimum Average Maximum 

1 2 20 160 0.001 0.09 0.25 

2 0.01 9 120 0.007 0.06 0.25 

3 1 20 200 0.01 0.1 0.25 

4 0.1 2 20 Not applicable for confined layer 

5 3 4 5 Not applicable for confined layer 

* The anisotropy ratio is the ratio of horizontal hydraulic conductivity along model columns to that along model rows. 

It ranged from 0.3 to 3.0. 

The range of values for elastic and inelastic storage are provided in the table below. 

 Elastic Storage, 𝑺𝒆 (unitless) Inelastic Storage, 𝑺𝒊 (unitless) 

Model Layer Minimum Average Maximum Minimum Average Maximum 

1 1.00 x 10-5 4.92 x 10-5 2.68 x 10-4 1.00 x 10-3 4.49 x 10-3 6.77 x 10-2 

2 1.00 x 10-5 4.71 x 10-4 1.00 x 10-3 1.00 x 10-3 5.17 x 10-2 1.00 x 10-1 

3 1.00 x 10-5 6.82 x 10-5 4.61 x 10-4 1.00 x 10-3 5.33 x 10-3 3.57 x 10-2 

4 1.27 x 10-5 1.29 x 10-4 6.62 x 10-4 1.00 x 10-3 2.61 x 10-2 1.00 x 10-1 

5 1.20 x 10-5 8.53 x 10-5 3.17 x 10-4 1.14 x 10-3 9.74 x 10-3 4.65 x 10-2 

 

Model calibration is typically judged using qualitative and quantitative methods.  At first, a 

qualitative visual comparison of simulated groundwater elevations and subsidence rates to 

measured values was performed.  Upon achieving visually acceptable results, quantitative methods 

as presented in the subsections below were applied to further evaluate the quality of the calibration.  

Finally, from a water accounting perspective, water budget errors are expected to be less than 

1 percent (Hill and Tiedeman, 2007; Anderson and Woessner, 1992).  The numerical water budget 

error for the final calibration was 0.1 percent, which is within the limits of acceptable error. 
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3.8.4.1 Groundwater Elevations 

Calibration hydrographs showing both measured and model-generated groundwater elevations are 

provided in Appendix D.  The simulated groundwater elevations reasonably match the measured 

elevations at most of the target wells in the model.  A scatter plot of simulated versus measured 

groundwater elevations for the 1,371 groundwater level observations in the calibration is shown 

in Figure 29.  The correlation coefficient between the simulated and measured values is 0.95, which 

is an acceptably large value that exceeds the benchmark value of 0.90 noted in CDWR (2016) and 

Hill and Tiedemann (2007). 

Another common measure of model calibration is the normalized root mean squared error 

(NRMSE).  The ‘error’ is the difference between the simulated head value and the measured head 

value.  The error is referred to as the ‘residual’ and the RMSE, which is normalized by the 

measured range of groundwater elevations in the model (‘range’). 

𝑁𝑅𝑀𝑆𝐸 =  

√1
𝑛

∑ 𝑅𝑖
2𝑛

𝑖=1

𝑟𝑎𝑛𝑔𝑒
 

 

 Where: 

   n  =  Number of observations; and 

   R  =  Residual (ft). 

The NRMSE is expressed as a percent with results less than 10 percent generally considered to be 

acceptable.  The NRMSE for the GFM with respect to groundwater elevations is at an acceptably 

low value of 6.6 percent (see Figure 29). 

3.8.4.2 Land Subsidence 

Calibration graphs showing both measured and simulated subsidence are provided in Appendix E.  

The simulated land subsidence reasonably matches that measured at the Porterville and Delano 

GPS stations and via satellite at most of the target locations.  A scatter plot of simulated versus 

measured land subsidence for the 2,616 observations in the calibration is shown in Figure 30.  The 

correlation coefficient between the simulated and measured values is at an acceptably large value 

of 0.94 and the NRMSE for the GFM with respect to land subsidence is at an acceptably low value 

of 6.5 percent (see Figure 30). 
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Given the nature of the subsidence data to which the GFM is calibrated, simulated land subsidence 

by the model is acceptably calibrated to enable projections of relative change in land surface 

elevation in the future (e.g. 2.1 feet of subsidence).  It is not recommended to determine absolute 

values of projected land surface elevation. 

3.8.4.3 Calibration Summary 

Based on the acceptably low water budget error and NRMSE values along with the acceptably 

high correlation coefficients, the GFM is acceptable for its intended use to estimate the future 

water budget, project future groundwater level changes, and estimate relative changes in future 

land  elevation for evaluating projects and managements actions and  estimating the Sustainable 

Yield of the Subbasin. 

The resulting surface and groundwater budgets produced by the calibrated model are presented in 

Tables 4a, 4b, and 5.  A detailed description of the individual water budget items can be found in 

the Tule Subbasin Setting document (TH&Co, 2020).  
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4.0 Future Subbasin Management Scenario for Analysis with the Model 

In order to evaluate planned projects and management actions of each of the six GSAs within the 

Tule Subbasin, refine the sustainable yield and develop a future water budget for inclusion in the 

Subbasin Setting document of the GSPs, TH&Co analyzed a future subbasin management scenario 

with the calibrated GFM.  The future scenario began in October 2017 (the end of the model 

calibration period) and extended through September 2070 and utilized yearly (i.e., water year) 

stress periods.  Projects and management actions were incorporated into the GFM starting in 2020.   

The purpose for analyzing the scenario was to assess the sustainability of the planned actions, 

assess the interaction of the planned actions on groundwater levels between the GSAs, and estimate 

the sustainable yield of the Subbasin.   

4.1 Projects and Management Actions 

Projects for incorporation in the future scenario were provided by basin managers from each of the 

six Tule Subbasin GSAs (see Table 6).  Most of the projects involve increases in recycled water 

recharge, increased basin recharge, changes in water deliveries, capture of flood water, and water 

banking operations. 

Management actions for incorporation into the model were focused on the reduction in crop 

consumptive use necessary to achieve sustainability (see Table 7).  The reduction in crop 

consumptive use is directly correlated to a reduction in irrigated water demand and groundwater 

pumping.  Each GSA provided a schedule to reduce consumptive use, starting in 2020, in order to 

achieve sustainable groundwater pumping by 2040.  As the availability of surface water supplies 

from imported water and diverted streamflow is different between the GSAs, each GSA 

established a different consumptive use reduction, or “transitional pumping,” schedule (see 

Table 7).   

4.2 Assumptions for Municipal Pumping 

Future projections for municipal pumping were applied to the City of Porterville. Other cities and 

communities (e.g., Tipton, Richgrove, etc.) were assumed to continue 2017 pumping rates into the 

future. 

4.3 Assumptions for Hydrology and Surface Water Deliveries on Major 

Streams 

Baseline stream flow hydrology for the Tule River, Deer Creek and White River for the future 

projection model was based on the 20-yr average of historical stream flows measured or estimated 

between water years 1990/91 and 2009/10.  This base period approximates the 115-year average 
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surface water flow within the Tule River between 1903/04 and 2016/17 (TRA 2018 Annual Report, 

Appendix).  Baseline surface water deliveries to agencies with diversion rights in the future 

projection were also based on the 20-yr average of deliveries for the period 1990/91 to 2009/10.   

The baseline streamflow on the major streams used in the future projection for the model were 

adjusted to account for projections of future climate change.  Adjustments were applied based on 

output from the DWR’s CalSim-II model, which provided adjusted historical hydrology for major 

drainages based on scenarios recommended by the California Department of Water Resources 

Climate Change Technical Advisory Group (2015).  Climate change adjustments to hydrology and 

surface water deliveries were applied over two time periods within the SGMA planning horizon, 

as defined by California Water Commission (2016): 

1. A 2030 central tendency time period, which provides near-term projections of potential 

climate change impacts on hydrology, centered on the year 2030, and 

2. A 2070 central tendency time period, which provides long-term projections of potential 

climate change impacts on hydrology, centered on the year 2070. 

Change factors for the 2030 and 2070 central tendency time periods are shown for the hydrology 

associated with the Tule River historical baseline time period of 1990/91 to 2009/10 on Figure 31.  

Both the annual change factors and weighted average change factors are shown.  In the future 

projection scenario for the model, TH&Co used the average 2030 change factor for each major 

stream providing water within the model domain (see Figure 32).  The climate adjusted hydrology 

for these major streams after applying the 2030 change factors ranges from 98 percent to 101 

percent of the historical baseline average.  The climate adjusted hydrology after applying the 2070 

change factors ranges from 95 percent to 101 percent of the historical baseline average.  The 2030 

central tendency change factors were applied to the future projection scenario from 2025 to 2049.  

The 2070 central tendency change factors were applied to the future projection from 2050 to 2070. 

4.4 Assumptions for Friant-Kern Canal Deliveries 

Projected surface water deliveries from the Friant-Kern Canal were based on climate adjusted 

historical average deliveries from 1990/91 to 2009/10 provided by the Friant Water Authority 

(FWA, 2018 and supporting Excel files).  It is noted that the climate adjusted historical FWA data 

extended only to 2002/03.  Thus, it was necessary to estimate the climate adjusted deliveries for 

2003/04 through 2009/10 based on proxy years according to the following schedule: 

• 2003/04 – 1946/47 

• 2004/05 – 1935/36 

• 2005/06 – 1939/40 

• 2006/07 – 1975/76 
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• 2007/08 – 2001/02 

• 2008/09 – 1963/64 

• 2009/10 – 1950/51 

The proxy years were selected based on years when the inflow to Success Reservoir was as close 

as possible. 

The climate adjusted deliveries to each agency included Class I, Class II, and 16B deliveries.  

Climate adjusted deliveries were also adjusted to account for impacts to deliveries as a result of 

the San Joaquin River Restoration Project (SJRRP) implementation.  All climate change and 

SJRRP adjustments were applied starting in 2025.  Deliveries from the Friant-Kern Canal between 

2020 and 2025 were based on the 20-year historical baseline based on 1990/91 to 2009/10.  Climate 

change and SJRRP adjustments were phased in between 2025 and 2030 through a linear 

interpolation between 2025 baseline deliveries and full application of FWA adjusted deliveries in 

2030.  TH&Co applied the 2070 central tendency time period climate-related adjustments to 

imported water deliveries in the Tule Subbasin model projection for the period from 2050 to 2070. 

Results of the climate adjustments show that future water deliveries are projected to be generally 

comparable to historical water deliveries for DEID, KTWD, and Tea Pot Dome WD. Future water 

deliveries for Porterville ID and Terra Bella ID are projected to increase relative to historical 

deliveries primarily due to a reduction or elimination of sales and/or transfers that historically 

occurred.  Future water deliveries for LTRID are projected to decrease relative to historical 

deliveries due to the high proportion of Class 2 supplies which are most impacted by the FWA 

analysis. Finally, future water deliveries for Saucelito ID are projected to decrease relative to 

historical deliveries due to changes in sales and/or transfers.  Results of the analysis are 

summarized on Figure 33. 
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5.0 Analysis of the Future Subbasin Management Scenario 

TH&Co used the calibrated GFM to analyze the consumptive use that can be accommodated in 

the future, given each GSA’s planned projects and management actions, without a long-term, 

subbasin-wide net negative change in groundwater storage. Consumptive use is linked to 

groundwater pumping (and, therefore, change in groundwater storage) as described in Section 3.5.   

While the projects and management actions developed for the future projection scenario provided 

a conceptual schedule for reduction in consumptive use, they cannot provide the consumptive use 

necessary to make the Subbasin sustainable.  Through an iterative process, the consumptive use in 

the future projection of the model was adjusted until there was no net negative change in 

groundwater storage from 2040 to 20501.  During this process, neither streamflow diversions nor 

imported water deliveries were modified from their projected values; the only changes were 

consumptive use and associated groundwater pumping.  In order to maximize the available 

consumptive use in the Subbasin while avoiding a net negative change in storage, the target 

consumptive use in all WBAs, and therefore the transitional pumping schedule, was incrementally 

reduced from an initial condition that resulted in a negative change in storage to one that resulted 

in no net negative change in storage. The resulting sustainable level of consumptive use was 

estimated to be approximately 65,000 acre-ft/year.  Additional consumptive use can be supported 

in any given area of the Subbasin by streamflow diversions and imported water supplies, where 

available. 

5.1 Projected Groundwater Budget 

The projected surface water and groundwater budgets, based on the future basin management 

scenario and sustainable consumptive use target for the Tule Subbasin, are shown in Tables 8a, 

8b, and 9.  The tables are based on the 50th percentile sustainable yield representation of the 

calibrated GFM.  As shown in Table 9 the average annual projected change in groundwater storage 

between 2040 and 2050, after full implementation of transitional pumping, is positive 

900 acre-ft/yr. 

5.2 Projected Groundwater Levels 

Projected groundwater level trends at calibration target wells within the Tule Subbasin are 

provided in Appendix F.  All projected groundwater levels were generated using the 50th percentile 

sustainable yield representation of the calibrated GFM.  As shown, groundwater levels simulated 

after 2040 level out for most of the upper and lower aquifer wells relative to their historical and 

transitional pumping downward trends.  Exceptions are upper aquifer wells in the western part of 

 
1 Stress periods in the future projection portion of the GFM are based on water years (i.e. October 1 through September 

30) and all results are presented as water years (i.e. 2020 is October 1, 2019 through September 30, 2020). 
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the Subbasin (e.g., Angiola G1 and 32K01) where downward groundwater level trends continue 

beyond 2040. 

5.2.1 2020 – 2040 Transitional Pumping Period 

Projected changes in groundwater levels in the upper aquifer (Layer 1) for the transitional pumping 

time period from 2020 to 2040 are shown on Figure 34.  As shown, groundwater levels are below 

the bottom of Layer 1 throughout much of the eastern portion of the Subbasin, except in the 

Porterville area where groundwater levels are above the bottom of the layer and projected to remain 

relatively stable during the transitional pumping period.  Groundwater levels in this layer are 

projected to decline another 100 to 120 feet in the central portion of the Subbasin during the 

transitional pumping period.  Layer 1 groundwater levels in the western portion of the Subbasin 

are projected to decline another 40 to 80 feet during the transitional pumping period. 

Projected changes in groundwater levels in the lower aquifer (Layer 3) for the transitional pumping 

period from 2020 to 2040 are shown on Figure 35.  Layer 3 groundwater levels in the eastern and 

southeastern parts of the Subbasin are projected to rise.  Groundwater levels in the central and 

northwest parts of the Subbasin are projected to decline another 20 to 40 feet in Layer 3. 

5.2.2 2040 – 2050 Sustainability Period 

Projected changes in groundwater levels in the upper aquifer (Layer 1) for the time period from 

2040 to 2050 are shown on Figure 36.  Groundwater levels in Layer 1 during this time period are 

relatively stable throughout the Tule Subbasin, with slight groundwater level rise predicted for the 

Porterville area.  In Layer 3 (Figure 37), groundwater levels show increases of 20 to 40 feet in the 

eastern portion of the Subbasin and stable to slightly decreasing groundwater levels in the western 

portion of the Subbasin. 

5.2.3 2050 – 2070 Sustainability Period with Extended Climate Adjustments 

Projected changes in groundwater levels in the upper aquifer (Layer 1) for the time period from 

2050 to 2070 are shown on Figure 38.  Groundwater levels in Layer 1 during this time period trend 

downward again in the central portion of the Tule Subbasin, with slight groundwater level rise 

predicted for the Porterville area.  In Layer 3 (Figure 39), groundwater levels are predicted to 

remain stable during this time period with increases of 20 to 40 feet in the eastern portion of the 

Subbasin.  It is noted that the 2070 central tendency climate adjustments were applied during this 

time period, which reduce the amount of surface water deliveries available to the GSAs and result 

in downward trends in groundwater levels in Layer 1. 
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5.3 Projected Land Subsidence 

Projected groundwater level trends at calibration target wells within the Tule Subbasin are 

provided in Appendix G.  As land subsidence is correlated with groundwater level decline, 

continued land subsidence is expected during the transitional pumping period from 2020 to 2040 

as groundwater levels continue to drop in the central and northwest parts of the Subbasin (see 

Figure 40).  As much as eight feet (average of 0.4 ft/yr) of additional land subsidence is predicted 

in the northern Tri-County Water Agency GSA, western Pixley Irrigation District GSA, and 

northern LTRID GSA.  Up to four feet (average of 0.2 ft/yr) of land subsidence is also predicted 

beneath the Friant-Kern Canal between Deer Creek and White River (see Figure 40). 

Between 2040 and 2050, the rate of land subsidence decreases as groundwater levels stabilize 

throughout most of the Subbasin (see Figure 41).  Up to three feet (average of 0.3 ft/yr) of land 

subsidence is still predicted to occur in isolated areas of the northern Tri-County Water Agency 

GSA, western Pixley Irrigation District GSA, and northern LTRID GSA.  Less than 0.5 feet 

(average of 0.05 ft/yr) of land subsidence is predicted in the vicinity of the Friant-Kern Canal 

during this time period. 

Land subsidence between 2050 and 2070 is predicted to continue in the western part of the Tule 

Subbasin as a result of declining groundwater levels in Layer 1 in this area (see Figure 42).  Up to 

four feet (average of 0.2 ft/yr) of land subsidence is predicted during this time period for the 

northern Tri-County Water Agency GSA at the western boundary of the Subbasin.  Up to three 

feet (average of 0.15 ft/yr) of additional land subsidence is predicted for the southern Tri-County 

Water Agency GSA and Alpaugh Irrigation District GSA areas. 

5.4 Sustainable Yield 

The sustainable yield of the Tule Subbasin is a function of the overall water balance of the area.  

Changes in surface water/groundwater inflow to the basin and surface water/groundwater outflow 

from the basin impact the sustainable yield.  As groundwater management and land use changes 

impact the water balance, they also impact the sustainable yield.  A generalized expression of the 

water balance is as follows: 

Inflow – Outflow = +/- Change in Storage   (1) 

The water balance equation for pre-developed conditions (prior to human occupation) can be 

further expressed as: 

(Ipr + Istr + Iss + Imb)  –  (Oss + Oet) = S   (2) 
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Where: 

Ipr = Inflow from Areal Recharge of Precipitation 

Istr = Inflow from Infiltration of Runoff in Stream Beds 

Iss = Inflow from Subsurface Underflow 

Imb = Inflow from Mountain-Block Recharge 

Oss = Subsurface Outflow 

Oet = Evapotranspiration 

S = Change in Groundwater Storage 

Under pre-developed conditions, the Subbasin would be in a state of equilibrium such that the 

inflow and outflow would balance and there would be no significant long-term change in storage 

assuming a static climatic condition.  Under this condition, groundwater levels would be relatively 

stable. 

Under developed land use conditions, the water balance changes as groundwater is pumped from 

the basin for irrigation and municipal supply, diversions of streamflow occur, and imported water 

is delivered to the Subbasin.  Lowering of the groundwater table resulting from pumping reduces 

the amount of groundwater that would otherwise leave the Subbasin and reduces 

evapotranspiration losses in areas of shallow groundwater (e.g., Tulare Lake).  Some of the 

pumped groundwater used for irrigation infiltrates past the roots of the plants and returns to the 

groundwater as return flow.  Water imported into the area is applied to crops but some is lost as 

infiltration in unlined canals and as return flow.  Groundwater return flow also occurs as a result 

of discharges from individual septic systems.  Inflow from the compression of aquitards as a result 

of subsidence also contributes water to the aquifer system.  Other sources of recharge to the 

groundwater under developed land use include wastewater treatment plant discharges and artificial 

recharge in spreading basins.   

The water balance equation for developed land use conditions can be modified as follows (flows 

in bold are not included in the sustainable yield): 

(Ipr + Istr + Ican + Iar + Irfgw + Irfimp + Icom+ Iss + Imb) – (Oss + Oet + Op) = S   (3) 

Where: 

Ican =  Inflow from Canal Losses 

Iar =  Inflow from Artificial Recharge 
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Irfgw =  Inflow from Return Flow of Applied Water from Groundwater Pumping 

Irfimp =  Inflow from Return Flow of Applied Water from Imported Water 

Icom =  Inflow of Water Released from Compression of Aquitards 

Op =  Outflow from Groundwater Pumping 

If the inflow terms exceed the outflow terms, then the groundwater in storage increases (become 

positive) and groundwater levels rise.  If the outflow terms exceed the inflow, then the groundwater 

in storage decreases (become negative) and groundwater levels drop.  It is assumed that the 

sustainable yield of the Tule Subbasin is the long-term average groundwater pumping rate, under 

projected land use conditions, that results in no significant long-term net negative change in 

groundwater storage in the basin.  Based on this premise, the water balance equation can be 

rearranged and simplified to estimate sustainable yield: 

Sustainable Yield = S + Op – Ican - Iar - Irfimp - Icom   (4) 

Thus, if the change in groundwater storage over the planning period is zero and there is no imported 

water or release of water from compression of aquitards, then the sustainable yield is equal to the 

pumping.  This relationship is valid if the following conditions are met: 

1. The sustainable yield incorporates a hydrology that is representative of a relatively long 

period of record that includes multiple wet and dry hydrologic cycles. 

2. The land use conditions are representative of the time period. 

The sustainable yield can also be expressed as all of the components of the water balance not 

explicitly expressed in Equation 4: 

Sustainable Yield = Ipr + Istr + Irfgw + Iss + Imb – Oss    (5) 

It is noted that the Tule Subbasin Technical Advisory Committee has determined that recharge to 

the Tule Subbasin associated with the delivery of imported water and the diversion of water from 

the Tule River and Deer Creek associated with Pre-1914 water rights will not be included in the 

sustainable yield of the Subbasin.  This includes canal losses from delivery of imported water and 

diverted stream flow, deep percolation of applied imported water and diverted stream flow, and 

managed recharge in basins. 

Applying Equations 4 and 5 to the historical water budget of the Tule Subbasin does not result in 

a representative sustainable yield because the Subbasin was in overdraft during the historical water 

budget period.  Groundwater pumping depressions that have developed in the western portion of 
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the Subbasin have historically captured groundwater that would have otherwise left the Subbasin.  

This increase in groundwater inflow and decrease in groundwater outflow resulted in an apparent 

sustainable yield that was higher than was actually sustainable.  Further, some of the return flow 

associated with historical overdraft contributed to the unrealistically high historical sustainable 

yield.  The apparent sustainable yield based on the water budget from water year 1990/91 to 

2009/10 was reported to be approximately 258,000 acre-ft/yr (TH&Co, 2017b).  However, since 

the downward groundwater trends that resulted in this condition are not sustainable, the associated 

sustainable yield from this water budget is not representative.  

The sustainable yield of the Tule Subbasin will change in the future as a result of changes in 

groundwater levels and flows associated with planned projects and management actions and 

changes in deep percolation of applied water (i.e., return flow) from reduced groundwater 

pumping.  This necessary action will change the water budget by not only decreasing outflow from 

groundwater pumping but also reducing deep percolation of applied water (return flow) and 

changing the dynamics of inflow and outflow at the Subbasin boundaries.  This new water budget 

regime will result in a sustainable yield that is different from what was realized historically. The 

projected groundwater budget from the analysis of the future basin management scenario using the 

calibrated groundwater flow model was the basis for the sustainable yield estimate of the Tule 

Subbasin.  This analysis resulted in a sustainable yield of 130,000 acre-ft/yr.   

5.5 Uncertainty Analysis 

To paraphrase from CDWR (2016), gaining a sense of the magnitude of the uncertainty in model 

predictions allows decision makers to accommodate the reality that model results are imperfect 

forecasts and actual subbasin responses to management actions will vary from those predicted by 

modeling.  To this end, output from PEST and its associated utility programs were used to address 

the uncertainty in estimates of sustainable yield for the Subbasin and subsidence along the Friant-

Kern Canal.  This approach provided 240 calibrated versions (‘realizations’) of the GFM.  Each 

realization was comprised of different configurations of aquifer parameters, consumptive use, and 

mountain block recharge. 

5.5.1 Uncertainty in Sustainable Yield Estimate 

The future water budgets from each of the 240 calibrated realizations of the model were processed, 

based on Equation 5 in Section 5.4, to produce sustainable yield estimates for each year of the  

50-yr implementation and planning horizon (2020 to 2070).  Of the original 240 model 

realizations, 175 resulted in a projected average annual change in groundwater storage greater 

than -5,000 acre-ft/yr.  The 50th percentile sustainable yield for the time period from 2040 to 2050 

was used as the sustainable yield for the 175 model realizations resulting in greater than -

5,000 acre-ft/yr of annual storage change.  The 175 estimates of sustainable yield are normally 
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distributed (see Figure 43).  The time period from 2040 to 2050 was selected because it occurs 

after all planned projects and management actions have been implemented but before the time 

when the less reliable long-term climate change adjustments to hydrology and water deliveries are 

applied to the projected water budget (2050). 

The projected future sustainable yield of the Tule Subbasin, which is the 50th percentile of the 

distribution of estimates derived from the uncertainty analysis, is estimated to be approximately 

130,000 acre-ft/yr (see Table 10).  The plausible range of sustainable yield was selected as the 

values between the 20th and 80th percentile, resulting in a range of approximately 108,000 to 

162,000 acre-ft/yr (see Figure 43).  The projected sustainable yield does not include: 

• Diverted Tule River water canal losses, recharge in basins, and deep percolation of applied 

water, 

• Diverted Deer Creek water canal losses, recharge in basins, and deep percolation of applied 

water, 

• Imported water canal losses, recharge in basins, and deep percolation of applied water, and 

• Deep percolation of applied recycled water and recycled water recharge in basins. 

As the groundwater model predicts some continued land subsidence in the Tule Subbasin between 

2040 and 2050, there is a contribution of approximately 18,000 acre-ft/yr of water to the aquifer 

from the compression of aquitards during this time period (see Table 9).  This contribution is 

included in the water budget that results in no net negative change in groundwater storage over the 

time period.  The implication for this is that the sustainable yield for the Subbasin is somewhat 

lower than reported because the contribution of water to the aquifer from compression of aquitards 

is not sustainable.  Nonetheless, given the uncertainty in model results, the current estimate of 

130,000 acre-ft/yr is recommended until more data are collected and the model is updated.  

5.5.2 Uncertainty in Friant-Kern Canal Subsidence 

The 240 realizations of the GFM were also used to assess the uncertainty in simulated land 

subsidence along the Friant-Kern Canal for the future subbasin management scenario.  The target 

period for this assessment is the 2020 to 2040 transitional pumping period.  Figure 44 displays the 

uncertainty in simulated subsidence at various milepost locations along the Canal using ‘box-and-

whisker’ diagrams.  These diagrams show various statistics for simulated subsidence.  Specifically, 

the top of the ‘box’ portion (the brown-shaded, vertically-oriented rectangle) is the 25th percentile 

whereas the bottom is the 75th percentile.  Within the box is a horizontal line (i.e., the 50th percentile 

or ‘median’) and an ‘X’, which identifies the arithmetic average (i.e. ‘mean’) value.  The top and 

bottom of each whisker represents the ‘local minimum’ and ‘local maximum’ values.  These ‘local’ 

statistics are those associated with the simulated values after outliers are removed.  Outliers are 
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defined as those values less than or greater than 1.5 times the interquartile range (i.e., 1.5 times the 

difference between the 25th and 75th percentile values). 

Considering the simulated subsidence shown on Figure 44 for the two locations between Milepost 

106 and 108, the plot shows the simulated values to range from 1.0 to 5.1 feet and 1.6 to 4.6 feet 

for the northern and southern locations, respectively.   

For comparison, the simulated land subsidence associated with the realization for the 

50th percentile sustainable yield (shown as the continuous thick black line extending from left to 

right across the figure) is approximately 3.2 feet at both locations.  Considering the southern 

location (i.e., closer to Milepost 108), this value roughly corresponds to the 75th percentile.  That 

is, the simulated subsidence for 25 percent of the 240 realizations (60 realizations) for this location 

exceed 3.2 feet.  The simulated subsidence associated with the realization for the 50th percentile 

sustainable yield exceeds the median subsidence value at those locations with the highest simulated 

medians (i.e., those located between Milepost 105 and Milepost 108).  
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6.0 Summary of Findings 

A calibrated numerical groundwater flow model has been developed for the Tule Subbasin in 

support of informing GSPs for the six GSAs within the Subbasin.  The model has been calibrated 

to industry standards with respect to both groundwater levels and land subsidence and is sufficient 

for informing future potential groundwater level and land surface elevation changes associated 

with planned projects and management actions.  The calibrated groundwater flow model was used 

to assess a future groundwater budget and determine a sustainable yield for the Tule Subbasin 

based on planned projects and management actions that resulted in no net negative change in 

groundwater storage for the ten-year period after the 2040 SGMA sustainability deadline.   

The following summarizes the findings from the model analysis: 

• The sustainable yield of the Tule Subbasin is estimated to be approximately 

130,000 acre-ft/yr.  The sustainable yield does not include recharge from imported 

water delivery losses, recharge in basins and return flow; recharge from surface water 

diversion from the Tule River and Deer Creek associated with delivery losses, 

recharge in basins and return flow; and recharge of recycled water return flow and 

recharge in basins. 

• Uncertainty analysis indicates that the plausible range of sustainable yield is 

approximately 108,000 to 162,000 acre-ft/yr. 

• The future sustainable yield of the Subbasin is lower than the historical sustainable 

yield as a result of reduced irrigation return flow, reduced subsurface inflow, and 

increased subsurface outflow along the subbasin boundaries. 

• The amount of crop consumptive use that can be supported by the sustainable yield is 

estimated to be approximately 65,000 acre-ft/yr with additional consumptive use 

supported by streamflow diversions and imported water supplies, where available. 

• Although the overall water budget for the Tule Subbasin is projected to be in balance 

between 2040 and 2050, there are areas of the Subbasin where groundwater levels are 

still projected to decline through the planning horizon.  It is anticipated that these 

localized areas of recharge and discharge imbalance can be addressed through basin 

management actions in the individual GSAs in which they occur. 

• As much as approximately four feet of additional land subsidence is projected to occur 

beneath the Friant-Kern Canal during the transitional pumping period from 2020 to 

2040.  The greatest land subsidence is projected to occur in the area of the canal 

between Deer Creek and White River.   

• Land subsidence is projected to be arrested after 2040 throughout most of the Tule 

Subbasin as a result of projected stabilizing of groundwater levels.  Continued land 

subsidence is projected in the northwestern portion of the Subbasin and in the northern 
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portion of the Subbasin at the boundary with the Kaweah Subbasin to the north.  This 

land subsidence is associated with localized continued decline in upper aquifer 

groundwater levels through the planning horizon. 
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Groundwater Flow Model of the Tule Subbasin
Table 1

Grain and 

Grain Hay
Truck

Corn and 

Silage

Misc Field 

Crops
Grapes Cotton

Deciduous & 

Fruit Trees

Alfalfa, 

Pasture
Nuts

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

Consumptive

Use

(acre-ft/acre 

per month)

January 0.0631 0.0654 0.0000 0.0638 0.0627 0.0661 0.0655 0.0727 0.0666

Febuary 0.1362 0.0916 0.0000 0.0528 0.0556 0.0705 0.0728 0.1604 0.0729

March 0.2708 0.2445 0.0000 0.0689 0.0307 0.0092 0.0652 0.2829 0.0825

April 0.3941 0.3986 0.0000 0.1057 0.1147 0.1066 0.2591 0.4054 0.2797

May 0.2258 0.1097 0.1672 0.1620 0.2672 0.1288 0.5535 0.4944 0.4300

June 0.0000 0.0228 0.4521 0.4560 0.3819 0.4033 0.5758 0.5147 0.4440

July 0.0000 0.0006 0.5198 0.4681 0.3754 0.6839 0.5574 0.4931 0.4643

August 0.0000 0.0648 0.3509 0.1585 0.2991 0.6210 0.5029 0.4302 0.3805

September 0.0000 0.0887 0.0271 0.0011 0.1525 0.4401 0.3711 0.3359 0.2822

October 0.0186 0.0782 0.0194 0.0190 0.0301 0.1204 0.1917 0.1375 0.1288

November 0.0501 0.0811 0.0000 0.0494 0.0491 0.0659 0.0629 0.0917 0.0520

December 0.0676 0.0735 0.0000 0.0655 0.0656 0.0874 0.0843 0.0832 0.0698

Total: 1.23 1.32 1.54 1.67 1.88 2.80 3.36 3.50 2.75

Month

Monthly Crop Consumptive Use 

January 2020
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Table 2

1986 - 2002 2003 - 2017

1 NA NA

2 0.81 0.83

3 0.75 0.79

4 0.87 0.87

5 0.83 0.86

6 0.76 0.82

7 0.87 0.87

8 0.85 0.85

9 0.85 0.85

10 0.72 0.76

11 0.75 0.78

12 0.81 0.86

13 0.74 0.79

14 0.74 0.77

15 0.77 0.84

16 0.76 0.77

17 0.72 0.83

18 0.75 0.77

19 0.87 0.87

20 0.74 0.78

21 0.83 0.85

22 0.72 0.76

23 0.76 0.79

24 0.71 0.74

25 0.72 0.72

26 0.74 0.74

27 0.75 0.69

28 0.76 0.76

29 0.77 0.77

30 0.76 0.78

31 0.76 0.79

32 0.78 0.82

33 0.84 0.87

Irrigation EfficiencyWater Budget 

Area

Water Budget Area Irrigation Efficiencies 

January 2020
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Groundwater Flow Model of the Tule Subbasin
Table 3

State Well 

Number

DWR Number 

or Well Name
Well Owner Northing

1
Easting

1

Year of 

Pumping 

Test

Pumping Test 

Type
2

Pumping  

Duration 

(hours)

Specific 

Capacity 

(gpm/ft)
3

Estimated 

Transmissivity 

(ft
2
/day)

Estimated 

Hydraulic 

Conductivity 

(ft/day)

Model 

Layer(s)
Aquifer

4

20S/22E-03 69299 Private 1964458 6393954 1961 N/A
5 N/A 10 3,580 8.1 1,2,3 C

20S/22E-11D 30877 Corcoran Irrigation District 1960307 6395313 1968 Short-Term 5 58 18,460 29 2,3 C

20S/22E-12 93080 Corcoran Irrigation District 1957724 6402835 1962 N/A N/A 44 18,070 15 1,2,3 C

20S/22E-14 816223 Corcoran Irrigation District 1952412 6395485 2005 N/A N/A 53 18,440 38 1,2,3 C

20S/22E-22 E0088663 Corcoran Irrigation District 1948606 6391849 2008 N/A N/A 71 29,260 70 3 L

20S/22E-23 52338 Corcoran Irrigation District 1945904 6397224 1977 Short-Term 12 52 16,820 36 2,3 C

20S/22E-23 E0089134 Private 1946826 6397596 2008 N/A N/A 18 7,170 38 2,3 C

20S/22E-23 30853 Private 1946788 6397137 N/A N/A N/A 71 25,030 40 1,2,3 C

20S/22E-24 23069 Corcoran Irrigation District 1946972 6402910 1966 N/A N/A 10 3,330 6.5 1,2,3 C

20S/22E-25 23097 Corcoran Irrigation District 1941725 6402809 1967 N/A N/A 37 13,000 19 1,2,3 C

20S/22E-26 816208 Corcoran Irrigation District 1942115 6396942 2005 N/A N/A 22 8,890 59 2,3 C

20S/22E-26 816208 Corcoran Irrigation District 1942176 6397777 2005 N/A N/A 22 8,890 59 2,3 C

20S/22E-33 E067353 Corcoran Irrigation District 1936561 6386700 2007 N/A N/A 28 11,390 60 2,3 C

20S/22E-34 E064073 Corcoran Irrigation District 1934773 6394290 2007 N/A N/A 53 21,560 65 3 L

20S/22E-34 23096 Corcoran Irrigation District 1936572 6392187 1967 N/A N/A 37 15,120 54 3 L

20S/24E-26 51339 Private 1943782 6461424 1970 N/A N/A 92 32,250 81 1,2,3 C

20S/24E-32 23065 Private 1934397 6444318 N/A N/A N/A 50 14,250 34 1,2,3 C

20S/24E-36 63090 Private 1937445 6466482 1960 N/A N/A 15 4,390 44 1 U

20S/25E-26 77730 Private 1943785 6494191 1963 Short-Term 7 12 2,830 13 1,2,3 C

20S/25E-26 16908 Private 1941527 6493089 1960 N/A N/A 30 11,840 118 1 U

20S/25E-32 817526 Private 1935863 6475757 1999 Short-Term 8 33 10,550 39 1,2,3 C

20S/26E-24 489251 Private 1943619 6529476 1992 Long-Term 12 13 3,010 17 2,3 C

20S/27E-19 104868 Private 1946702 6534872 1968 Short-Term 14 1.7 370 1.9 3 L

20S/27E-23 457006 N/A 1947311 6554769 1993 Short-Term 13 3.0 670 3.2 1,2,3 C

20S/27E-24 70661 Private 1944626 6561411 1972 Long-Term 24 1.0 220 2.4 2 U

20S/27E-24 104912 Private 1944010 6558821 N/A N/A N/A 5.4 1,540 7.3 1,2,3 C

20S/27E-26J 29264 Private 1941327 6556243 N/A N/A N/A 60 17,100 90 2,3 C

20S/27E-28 488474 N/A 1940323 6544742 1994 Short-Term 2.5 2.1 420 6.9 2,3 C

20S/27E-29 111529 Private 1941443 6540274 1965 N/A N/A 50 14,250 475 3 L

20S/27E-30 24440 Private 1939464 6535006 1968 Short-Term 8.5 5.6 1,270 8.5 2,3 C

20S/27E-33 104875 Private 1935664 6544484 1970 Short-Term 4 12 2,750 13 2,3 C

20S/27E-33 93487 Strathmore Public Utilities District 1936750 6544158 1964 N/A N/A 2.3 660 2.3 2,3 C

20S/27E-36 145307 Private 1934775 6561597 1976 Short-Term 8 1.6 340 3.4 2 U

20S/27E-36 145311 Private 1938414 6560586 1976 Short-Term 6 7.9 1,790 9.0 1,2,3 C

Summary of Pumping Test Data
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Groundwater Flow Model of the Tule Subbasin
Table 3

State Well 

Number

DWR Number 

or Well Name
Well Owner Northing

1
Easting

1

Year of 

Pumping 

Test

Pumping Test 

Type
2

Pumping  

Duration 

(hours)

Specific 

Capacity 

(gpm/ft)
3

Estimated 

Transmissivity 

(ft
2
/day)

Estimated 

Hydraulic 

Conductivity 

(ft/day)

Model 

Layer(s)
Aquifer

4

Summary of Pumping Test Data

20S/27E-36 145312 Private 1938643 6562660 1976 N/A N/A 3.6 1,030 5.6 1,2,3 C

21S/22E-01 726707 Corcoran Irrigation District 1930975 6402045 2002 Long-Term 47.83 2.1 770 1.8 2,3 C

21S/22E-01 726941 Corcoran Irrigation District 1930710 6403161 2004 N/A N/A 44 17,830 41 3 L

21S/22E-01 816298 Corcoran Irrigation District 1934102 6399776 2005 N/A N/A 31 12,830 32 3 L

21S/22E-01 E049826 Corcoran Irrigation District 1933595 6399594 2006 N/A N/A 25 10,250 37 2,3 C

21S/22E-01 E049834 Corcoran Irrigation District 1933591 6399671 2006 N/A N/A 46 13,050 50 1,2 C

21S/22E-02 1095719 City of Corcoran 1932572 6396670 2004 Long-Term 24 16 5,070 7.9 1,2,3 C

21S/22E-03 394345 Private 1933561 6388968 1992 Short-Term 2 6.0 1,260 12 1 U

21S/22E-24 93089 Private 1915216 6400010 1963 N/A N/A 17 7,130 10 3 L

21S/22E-25 e077132 Private 1910179 6399351 2008 Long-Term 44 48 19,440 20 3 L

21S/22E-34  E077079 Private 1902762 6387498 2008 Long-Term 40 35 13,910 21 3 L

21S/23E-24 458728 Private 1915152 6430754 1996 N/A N/A 50 14,250 356 1 U

21S/23E-25 Well #1 Private 1912488 6432652 2008 Long-Term 37 9.3 3,550 5.7 3 L

21S/23E-32 726554 Private 1901947 6409656 2001 N/A N/A 1.0 280 3.5 1 U

21S/23E-34 726586 Private 1902306 6421830 2001 N/A N/A 3.8 1,560 7.8 2,3 C

21S/23E-34Q01 34Q1 Private 1902308 6421770 2001 Long-Term 35 3.8 1,410 10 2,3 C

21S/23E-36 N/A N/A 1906615 6434185 1966 Short-Term 1 27 5,860 34 1 U

21S/23E-36 23053 Private 1904603 6432254 N/A N/A N/A 27 7,610 38 1 U

21S/23E-6P1 112310 City of Corcoran 1928880 6405443 1975 Long-Term 24 41 10,790 43 1,2 C

21S/23E-7 515951 City of Corcoran 1927957 6405612 1997 Short-Term 12 0.5 170 0.3 2,3 C

21S/23E-7D1 112307 City of Corcoran 1927686 6403833 1975 Long-Term 24 34 9,000 33 1,2 C

21S/24E-15H01 15H1 Private 1921654 6455927 1979 Short-Term 3 17 3,800 95 1 U

21S/25E-17 517127 Private 1918909 6474558 2001 N/A N/A 7.1 2,020 14 1 U

21S/25E-31 23057 Private 1901978 6468938 1966 N/A
4 N/A 30 8,550 47 2,3 C

21S/26E-10 81896 Private 1926630 6519517 1965 Short-Term 6.5 10 2,380 15 2,3 C

21S/26E-14R01 14R1 N/A 1917675 6524644 2009 Short-Term 3 8.3 1,810 45 2 U

21S/26E-15B02 15B2 N/A 1922308 6517928 1992 Short-Term 3 1.9 380 3.8 1,2 C

21S/26E-28 R-7 City of Porterville 1907421 6543355 1979 N/A N/A 17 4,930 123 1,2 C

21S/26E-34 27803 Poplar CSD 1903301 6519268 1966 N/A N/A 55 15,530 55 1,2,3 C

21S/26E-34 748825 Private 1906530 6518086 2001 Short-Term 12 4.5 1,030 9.0 3 L

21S/27E-06 29627 Private 1931317 6533292 1980 Short-Term 5 13 2,880 90 2 U

21S/27E-1 145308 Private 1933470 6559675 N/A N/A N/A 3.2 910 9.1 2,3 C

21S/27E-1 145309 Private 1933496 6561552 N/A N/A N/A 1.8 510 5.1 2 U

21S/27E-21  C-29 City of Porterville 1912585 6541526 2006 N/A N/A 7.7 2,700 10 4 L

21S/27E-22 C-10 City of Porterville 1913697 6550312 1968 N/A N/A 5.6 1,600 4.8 2,3,4 C
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Table 3

State Well 

Number

DWR Number 

or Well Name
Well Owner Northing

1
Easting

1

Year of 

Pumping 

Test

Pumping Test 

Type
2

Pumping  

Duration 

(hours)

Specific 

Capacity 

(gpm/ft)
3

Estimated 

Transmissivity 

(ft
2
/day)

Estimated 

Hydraulic 

Conductivity 

(ft/day)

Model 

Layer(s)
Aquifer

4

Summary of Pumping Test Data

21S/27E-22 40862 City of Porterville 1913430 6549953 N/A N/A N/A 17 4,820 15 2,3,4 C

21S/27E-24 53069 Private 1913654 6561699 N/A N/A N/A 1.3 370 2.1 1,2 C

21S/27E-24 64151 Private 1915011 6559028 N/A N/A N/A 1.5 430 1.1 1,2,3,4 C

21S/27E-25 64157 Private 1909663 6559097 N/A N/A N/A 1.9 540 2.7 1,2 C

21S/27E-25 19552 City of Porterville 1909780 6556729 N/A N/A N/A 5.0 1,420 10 2,3 C

21S/27E-25N01 C-11 City of Porterville 1907493 6557878 1959 N/A N/A 3.6 1,260 4.9 3,4,5 C

21S/27E-25N1 53062 City of Porterville 1907680 6558074 1959 N/A N/A 1.6 460 2.3 1 U

21S/27E-26 63436 City of Porterville 1908059 6553404 1960 Long-Term 24 2.2 500 1.5 2,3,4,5 C

21S/27E-26 C-16 City of Porterville 1912334 6546977 1978 N/A N/A 11 3,860 13 3,4 C

21S/27E-26 C-21 City of Porterville 1909465 6555799 1987 N/A N/A 18 4,990 55 2,3 C

21S/27E-26 C-3 City of Porterville 1907493 6555834 1961 N/A N/A 4.1 1,440 4.4 3,4,5 C

21S/27E-26 C-6 City of Porterville 1910828 6553898 1949 N/A N/A 14 3,930 12 2,3,4 C

21S/27E-26 19561 City of Porterville 1911164 6552505 1957 N/A N/A 37 10,460 52 1 U

21S/27E-27 498597 Private 1912701 6549072 1992 Short-Term 1.5 21 4,650 52 2,3 C

21S/27E-27  L-7 City of Porterville 1909250 6549810 1979 N/A N/A 25 7,210 60 1,2,3 C

21S/27E-27 C-17 City of Porterville 1907708 6547479 1986 N/A N/A 13 3,620 19 3,4 C

21S/27E-27 C-20 City of Porterville 1910039 6546260 1988 N/A N/A 4.3 1,230 4.9 2,3 C

21S/27E-27 L-1 City of Porterville 1908999 6547300 1958 N/A N/A 16 4,620 33 1,2 C

21S/27E-28  C-18 City of Porterville 1912334 6544215 1986 N/A N/A 7.6 2,660 5.0 1,2,3,4 C

21S/27E-28  L-8 City of Porterville 1911258 6542709 1979 N/A N/A 11 3,220 22 1,2 C

21S/27E-28 C-22 City of Porterville 1907708 6545829 1996 N/A N/A 21 6,070 24 1,2,3 C

21S/27E-28 L-5 City of Porterville 1907672 6544789 1967 N/A N/A 28 8,010 57 1,2 C

21S/27E-34 942147 Private 1906000 6547259 2008 Short-Term 8 20 4,830 59 1,2 C

21S/27E-35 C-19 City of Porterville 1903943 6553862 1986 N/A N/A 3.3 1,160 3.3 1,2,3,4,5 C

21S/27E-35 C-23 City of Porterville 1904983 6551459 1991 N/A N/A 6.3 1,800 7.2 2,3,4 C

21S/27E-35 C-4 City of Porterville 1905628 6555117 1934 N/A N/A 7.3 2,080 6.8 1,2,3 C

21S/27E-35F01 C-7 City of Porterville 1905556 6553217 1949 N/A N/A 12 4,100 9.5 2,3,4,5 C

21S/27E-36 942151 Private 1902608 6558254 2009 Short-Term 4 0.4 70 1.1 1,2 C

21S/27E-36 e064534 Private 1904102 6556817 2007 Short-Term 4 0.2 40 0.5 1,2 C

21S/27E-36 e066452 Private 1903836 6559685 2007 Short-Term 0.75 0.1 30 0.9 1 U

21S/27E-36F01 C-8 City of Porterville 1906202 6557914 1965 N/A N/A 5 1,480 4.2 1,2,3,4 C

22S/22E-02 E077072 Private 1901958 6397829 2008 Long-Term 40.5 39 15,640 23 3 L

22S/22E-02 E077119 Private 1897903 6397617 2008 Long-Term 38 55 22,290 13 3 L

22S/22E-03 101797 Private 1899103 6392312 1977 Long-Term 40 60 24,350 24 2,3 C

22S/22E-03 E077103 Private 1899874 6392401 2008 Long-Term 41.75 61 24,510 41 3 L
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22S/22E-09 N/A Private 1894109 6384592 2008 N/A N/A 31 12,540 22 3 L

22S/22E-10 489122 Private 1895519 6391555 1994 Long-Term 36 46 18,420 34 3 L

22S/22E-9 E072646 Private 1894097 6384597 2008 N/A N/A 31 12,540 157 3 L

22S/23E-05 E0079777 Private 1896575 6410653 2008 Short-Term 6 3.8 1,330 3.0 2,3 C

22S/23E-05 E0079779 Private 1867655 6426985 2008 N/A N/A 5.0 2,050 3.1 3 L

22S/23E-06 69286 Private 1899108 6406730 1961 N/A N/A 14 3,930 15 1,2 C

22S/23E-06 69271 Private 1899594 6404681 N/A N/A N/A 13 3,790 14 1,2 C

22S/23E-15 30891 Private 1886811 6423555 1970 Short-Term 4.5 40 9,600 53 1 U

22S/23E-17 489121 Private 1891332 6410938 1994 Long-Term 36 46 18,170 44 2,3 C

22S/23E-17 489124 Private 1891389 6389758 1994 Long-Term 30 19 7,320 11 2,3 C

22S/23E-18 30889 Private 1887434 6408224 1970 Short-Term 4 33 7,970 40 1 U

22S/23E-33 W7 Angiola W.D. 1875526 6418412 2007 N/A N/A 26 7,290 10 2,3 C

22S/23E-33 W14 Angiola W.D. 1873383 6418660 2007 N/A N/A 14 3,960 17 1,2 C

22S/23E-21 W13 Angiola W.D. 1873370 6418665 1997 N/A N/A 39 15,900 15 3 L

22S/23E-21 W13 Angiola W.D. 1873370 6418665 2002 N/A N/A 30 8,610 8 3 L

22S/23E-33 W18 Angiola W.D. 1875511 6417588 2015 N/A N/A 16 N/A N/A N/A N/A

22S/23E-21 G16 Angiola W.D. 1882036 6416141 1997 N/A N/A 11 3,110 13 1,2 C

22S/23E-21 G18 Angiola W.D. 1883404 6416263 1997 N/A N/A 23 9,470 30 3 L

22S/23E-21 G18 Angiola W.D. 1883404 6416263 2007 N/A N/A 14 3,900 12 3 L

22S/23E-21 G19 Angiola W.D. 1880947 6416260 1997 N/A N/A 38 15,490 55 3 L

22S/23E-21 G19 Angiola W.D. 1880947 6416260 2007 N/A N/A 17 4,700 17 3 L

22S/23E-21L1 G1 Angiola W.D. 1883434 6416104 1997 N/A N/A 8.1 2,310 12 1,2 C

22S/23E-21L1 G1 Angiola W.D. 1883434 6416104 2007 N/A N/A 6.4 1,820 9 1,2 C

22S/23E-22 E072308 Angiola WD 1881613 6419172 2008 N/A N/A 33 13,650 38 3 L

22S/23E-22 69285 Private 1883399 6421610 N/A N/A N/A 11 3,160 15 1,2 C

22S/23E-23 E-5 Angiola W.D. 1882044 6427880 1948 N/A N/A 57 23,280 47 1 U

22S/23E-23 E-5 Angiola W.D. 1882044 6427880 2007 N/A N/A 15 4,190 8 1 U

22S/23E-23 E-1 Angiola W.D. 1882043 6424309 1997 N/A N/A 27 10,940 22 1 U

22S/23E-23 E-19 Angiola W.D. 1880938 6424567 1997 N/A N/A 38 15,410 48 3 L

22S/23E-23 E-19 Angiola W.D. 1880938 6424567 2007 N/A N/A 20 5,760 18 3 L

22S/23E-23J1 E-14 Angiola W.D. 1883355 6429374 2007 N/A N/A 38 10,880 9 3 L

22S/23E-23J1 E-14 Angiola W.D. 1883355 6429374 1997 N/A N/A 57 23,520 20 3 L

22S/23E-24 E064735 Angiola Water District 1883487 6433497 2007 N/A N/A 42 17,210 172 3 L

22S/23E-25 E0078570 Angiola WD 1878313 6431119 2008 Long-Term 35 28 11,020 23 3 L

22S/23E-25 E-10 Angiola W.D. 1879483 6434628 1997 N/A N/A 23 9,470 19 1 U
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22S/23E-25 E-10 Angiola W.D. 1882044 6427880 2007 N/A N/A 17 4,900 10 1 U

22S/23E-25 E-15 Angiola W.D. 1882044 6427880 2002 N/A N/A 46 12,990 30 2,3 C

22S/23E-25 E-15 Angiola W.D. 1880672 6434027 1997 N/A N/A 57 23,160 54 2,3 C

22S/23E-25 E-25 Angiola W.D. 1879532 6434581 2015 N/A N/A 9 N/A N/A N/A N/A

22S/23E-23 E-26 Angiola W.D. 1881019 6424628 2015 N/A N/A 19 N/A N/A N/A N/A

22S/23E-23 E-27 Angiola W.D. 1883431 6428305 2015 N/A N/A 14 N/A N/A N/A N/A

22S/23E-25 G25 Angiola W.D. 1875835 6419974 2010 N/A N/A 16 4,560 19 1,2 C

22S/23E-25 G25 Angiola W.D. 1875835 6419974 2007 N/A N/A 28.9 8,230 34.3 1,2 C

22S/23E-25F1 E-13 Angiola W.D. 1878305 6431117 1997 N/A N/A 54 N/A N/A 3 L

22S/23E-25F1 E-13 Angiola W.D. 1878305 6431117 2007 N/A N/A 33 9,260 8 3 L

22S/23E-26 E-16 Angiola W.D. 1880723 6429293 1997 N/A N/A 42 17,250 39 2,3 C

22S/23E-26 E-16 Angiola W.D. 1880723 6429293 2007 N/A N/A 33 9,490 22 2,3 C

22S/23E-26 E-18 Angiola W.D. 1880789 6426889 1997 N/A N/A 36 14,840 42 3 L

22S/23E-26 E-18 Angiola W.D. 1880789 6426889 2007 N/A N/A 31 8,920 25 3 L

22S/23E-27 G11 Angiola W.D. 1877992 6421183 1997 N/A N/A 60 24,430 49 1 U

22S/23E-27 G11 Angiola W.D. 1877992 6421183 2007 N/A N/A 50 14,190 28 1 U

22S/23E-27 G14 Angiola W.D. 1875835 6419974 1997 N/A N/A 4.4 1,250 13 1 U

22S/23E-27F1 W6 Angiola W.D. 1878271 6420551 2002 N/A N/A 7.6 2,170 10 1,2 C

22S/23E-27F1 W6 Angiola W.D. 1878271 6420551 1997 N/A N/A 6.1 1,740 8.3 1,2 C

22S/23E-28 G2 (new) Angiola W.D. 1880493 6416151 1997 N/A N/A 12 3,530 17 1,2 C

22S/23E-28 G20 Angiola W.D. 1878490 6416188 1997 N/A N/A 15 6,150 10 1,2,3 C

22S/23E-28 G20 Angiola W.D. 1878490 6416188 2007 N/A N/A 11 3,130 5 1,2,3 C

22S/23E-28 G23 Angiola W.D. 1882036 6416141 2010 N/A N/A 3.6 1,030 4.9 1 U

22S/23E-28 G24 Angiola W.D. 1880147 6416158 2010 N/A N/A 7.1 2,020 10 1,2 C

22S/23E-28 G29 Angiola W.D. 1878490 6416188 2010 N/A N/A 15 6,190 17 3 L

22S/23E-27 G30 Angiola W.D. 1876132 6420248 2015 N/A N/A 13 N/A N/A N/A N/A

22S/23E-28A1 G3 Angiola W.D. 1880729 6417584 2007 N/A N/A 10 2,820 9 1,2 C

22S/23E-28A1 G3 Angiola W.D. 1880729 6417584 1997 N/A N/A 10 2,960 10 1,2 C

22S/23E-28J1 G5 Angiola W.D. 1878153 6418746 2007 N/A N/A 9 1,250 4 1,2 C

22S/23E-28J1 G5 Angiola W.D. 1878153 6418746 1997 N/A N/A 18 5,100 17 1,2 C

22S/23E-29 60512 Private 1878299 6410919 N/A N/A N/A 12 3,390 15 1,2 C

22S/23E-3 394406 Private 1896917 6421603 1992 N/A N/A 15 4,270 61 1 U

22S/23E-33 Well 15 Angiola W.D. 1870545 6418643 2008 Long-Term 30 12 4,380 15 3 L

22S/23E-33 E077032 Angiola Water District 1870498 6418613 2008 N/A N/A 12 4,710 20 3 L

22S/23E-34 E059018 Angiola Water District 1873846 6418472 2007 N/A N/A 50 20,490 49 3 L
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22S/23E-27 G21 Angiola Water District 1876256 6420150 2007 N/A N/A 8 1,180 4 2,3 C

22S/23E-34 G22 Angiola W.D. 1873673 6423686 1997 N/A N/A 3.0 1,230 3.8 3 L

22S/23E-34 G26 Angiola W.D. 1873673 6423686 2010 N/A N/A 56.5 8,050 19.2 3 L

22S/23E-34 G26 Angiola W.D. 1873673 6423686 2010 N/A N/A 101 41,560 99 3 L

22S/23E-34 G27 Angiola W.D. 1871634 6419991 2010 N/A N/A 27 11,190 33 3 L

22S/23E-34 G28 Angiola W.D. 1870490 6423818 2010 N/A N/A 13 5,160 14 3 L

22S/23E-6 60743 Private 1901983 6405985 1960 N/A N/A 11 3,080 10 1,2 C

22S/24E-04 715329 Private 1896720 6446743 2000 Short-Term 4 33 10,270 38 1,2,3 C

22S/24E-6L 23071 Private 1899259 6437368 1966 N/A N/A 22 6,270 31 1 U

22S/25E-19 23094 Private 1883307 6471350 1967 N/A N/A 73 25,690 61 2,3 C

22S/26E-12 145318 Private 1896566 6524621 1977 Short-Term 4 35 8,500 43 1,2,3 C

22S/26E-16 489115 Private 1889982 6511214 1993 Long-Term 30 5.4 1,680 5.8 3 L

22S/26E-24 E0094537 Private 1881999 6529798 2009 Short-Term 12 14 5,100 9.3 3,4 C

22S/27E-01 81882 Private 1900689 6557479 1963 Short-Term 12 20 5,040 41 1,2 C

22S/27E-02B02 C-13 City of Porterville 1901145 6554185 1965 N/A N/A 4.3 1,510 2.7 2,3,4,5 C

22S/27E-04  C-28 City of Porterville 1898492 6555368 2005 N/A N/A 3.9 1,370 3.3 1,2,3,4,5 C

22S/27E-08B01 AP-2 City of Porterville 1892754 6539159 1969 N/A N/A 11 3,790 8.4 3,4 C

22S/27E-09G01  AP-1 City of Porterville 1893220 6545040 1959 N/A N/A 3.7 1,300 3.1 3,4 C

22S/27E-111 258408 Private 1894126 6555327 1987 N/A N/A 1.9 540 7.1 1,2 C

22S/27E-14 29629 Private 1887668 6552052 1980 Short-Term 3 2.0 400 5.0 1,2 C

22S/27E-2 C-15 City of Porterville 1909645 6554866 1975 N/A N/A 4.7 1,340 11 2,3 C

22S/27E-2 68313 Private 1897922 6556137 1970 N/A N/A 9.1 2,590 108 1 U

22S/27E-23 C-1 City of Porterville 1909465 6557627 1982 N/A N/A 20 5,810 48 2,3 C

22S/27E-24 48679 Private 1882267 6557577 1985 Long-Term 24 1.9 560 2.8 4,5 C

22S/27E-36 394404 Private 1870648 6560234 1992 Short-Term 4 0.4 70 0.5 1,2 C

23S/23E-27 E0080474 Private 1845436 6419740 2008 Long-Term 40 7.5 2,850 4.5 3 L

23S/23E-34 1095876 Alpaugh JPA 1842264 6418966 2004 Short-Term 12 13 4,910 27 3 L

23S/23E-4 E077033 Angiola Water District 1867979 6418614 2008 N/A N/A 10 4,220 35 3 L

23S/24E-21 17959 Pixley Wildlife Refuge 1851746 6447543 N/A N/A N/A 6.0 2,460 8.2 3 L

23S/25E-11 23083 Private 1862033 6490060 1962 N/A N/A 5.0 1,750 5.8 1,2 C

23S/25E-16N4 55087 U.S. Geological Survey 1855362 6477883 1959 N/A N/A 4.0 1,140 28 1,2 C

23S/25E-27P01 3 DEID 1826671 6508537 2010 Step Test 12 26 6,440 7.0 3 L

23S/25E-28J02 2 DEID 1826688 6507154 2010 Step Test 12 26 6,720 7.0 3 L

23S/25E-33 944088 Private 1839910 6478963 2008 Short-Term 2 5.0 1,390 2.9 2,3 C

23S/25E-35G01 5 DEID 1826049 6506009 2010 Step Test 12 41 9,680 11 3 L
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23S/25E-6P1 37263 Private 1865081 6468973 1956 Short-Term 20 44 14,470 49 2,3 C

23S/27E-03 120307 Terra Bella Irrigation District 1867501 6550348 1968 Short-Term 20 2.0 590 1.5 2,3,4 C

23S/27E-07 942277 Private 1859684 6531568 2008 Short-Term 16 2.4 850 0.7 3,4,5 C

23S/27E-12 942269 Private 1859644 6558813 2008 N/A N/A 29 11,930 11 4 L

23S/27E-19R1 14164 Private 1849038 6535105 1957 Short-Term 6 95 36,620 38 3,4,5 C

23S/27E-20 16380 Private 1850262 6537921 1960 N/A N/A 52 21,150 23 3,4,5 C

23S/27E-21 512022 Private 1854221 6541118 2002 Short-Term 8 0.6 160 0.4 2,3 C

23S/27E-27 925804 Private 1844925 6546660 2004 Long-Term 24 5.7 2,110 6.0 4,5 C

23S/27E-27 120303 Private 1846254 6543059 1967 N/A N/A 1.8 630 0.9 2,3,4 C

23S/27E-33 e077722 Private 1840078 6543427 2008 Short-Term 3 34 12,400 13 4,5 C

23S/27E-34 E059519 Private 1839736 6548507 2007 Short-Term 8 77 29,840 30 4,5 C

23S/27E-7 104854 Private 1862230 6534629 1966 N/A N/A 2.7 950 2.4 2,3 C

23S/27E-8 53055 Private 1863543 6536385 1958 N/A N/A 1.3 370 1.2 2,3 C

24S/23E-29B N/A Tri County 1817447 6410754 N/A Long-Term 12 to 24 26 4,950 15 3 L

24S/23E-30B N/A Tri County 1817561 6405468 N/A Long-Term 12 to 24 52 11,900 22 3 L

24S/23E-3P 146126 Private 1835941 6421173 1978 N/A N/A 47 16,370 55 1,2,3 C

24S/24E-14R N/A Tri County 1822868 6460904 N/A Long-Term 12 to 24 30 4,810 5.9 3 L

24S/24E-1G 49066 Private 1836050 6463568 1982 Short-Term 12 74 28,830 39 3 L

24S/24E-22M N/A Tri County 1819619 6450477 N/A Long-Term 12 to 24 27 7,890 12 3 L

24S/24E-23D N/A Tri County 1822669 6456143 N/A Long-Term 12 to 24 10 3,340 4.5 3 L

24S/24E-23R N/A Tri County 1817617 6459648 N/A Long-Term 12 to 24 20 3,740 4.5 3 L

24S/24E-24Q N/A Tri County 1817603 6464981 N/A Long-Term 12 to 24 8.6 4,140 5.8 3 L

24S/24E-27F N/A Tri County 1814907 6451725 N/A Long-Term 12 to 24 23 4,950 6.1 3 L

24S/24E-28R N/A Tri County 1812293 6449947 N/A Long-Term 12 to 24 38 10,160 12 3 L

24S/24E-36E 58330 Private 1833430 6453091 1959 N/A N/A 47 13,280 443 1 U

24S/24E-36E N/A Tri County 1809791 6460999 N/A Long-Term 12 to 24 17 4,550 4.8 3 L

24S/25E-10 942275 Private 1832319 6484774 2008 Short-Term 16 16 4,930 11 3 L

24S/25E-19R N/A Tri County 1817586 6470931 N/A Long-Term 12 to 24 14 2,010 5.3 3 L

24S/25E-20B N/A Tri County 1821475 6474297 N/A Long-Term 12 to 24 19 8,960 12 3 L

24S/25E-30H N/A Tri County 1814947 6471559 N/A Long-Term 12 to 24 19 3,880 5.2 3 L

24S/26E-15 N/A Private 1827763 6516494 2008 Short-Term 6 13 4,540 3.5 3,4 C

24S/26E-17 942284 DEID 1826745 6505884 2008 Short-Term 12 11 3,330 4.2 3 L

24S/26E-17 1 DEID 1827088 6506032 2009 Step Test 12 30 5,530 7.0 3 L

24S/26E-17 4 DEID 1827967 6508026 2010 Step Test 12 19 4,450 5.0 3,4 C

24S/26E-22 N/A Private 1817592 6516518 2008 Short-Term 6 7.8 2,310 3.8 3,4 C
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24S/26E-30 e0094489 Private 1814991 6503110 2009 Short-Term 12 9.0 3,310 5.3 3 L

24S/27E-31 489110 Private 1812175 6530537 1992 Short-Term 14.5 0.1 10 0.1 3 L

25S/22E-1B N/A Tri County 1806903 6397730 N/A Long-Term 12 to 24 65 13,900 30 2,3 C

25S/22E-2A N/A Tri County 1807009 6395021 N/A Long-Term 12 to 24 58 18,050 41 2,3 C

25S/25E-17G N/A Tri County 1795022 6471792 N/A Long-Term 12 to 24 21 4,010 9.1 3 L

25S/25E-5B N/A Tri County 1806820 6472905 N/A Long-Term 12 to 24 23 3,340 8.1 3 L

25S/25E-7C N/A Tri County 1800572 6466017 N/A Long-Term 12 to 24 37 11,230 19 3 L

25S/25E-7F N/A Tri County 1799281 6466010 N/A Long-Term 12 to 24 45 11,360 19 3 L

Notes:
1 NAD 83 California State Plane Zone 4
2 Short-Term indicates less than 24 hours pumping duration, and long-term indicates 24 hours or more pumping duration.
3

gpm/ft = gallons per minute per foot of drawdown
4

U = Upper Aquifer, L = Lower Aquifer, C = Composite Aquifer
5

N/A = Not Available
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WD

Agriculture

Pumping

Municipal

Pumping

1986 - 1987 Below Average 219,000 70,029 8,389 2,496 23,879 13,136 10,899 15,337 5,490 89,541 9,356 114,782 7,278 794 1,109 724,000 13,500 1,329,000

1987 - 1988 Average 315,000 39,842 6,095 1,420 19,666 21,961 12,210 13,067 5,493 64,654 0 110,345 3,530 0 0 768,000 15,100 1,396,000

1988 - 1989 Below Average 254,000 49,667 7,795 1,942 22,426 22,561 11,991 13,106 6,226 63,922 5,289 105,980 6,026 0 0 728,000 15,700 1,315,000

1989 - 1990 Below Average 245,000 29,342 4,706 778 16,166 23,159 11,371 11,520 6,193 24,325 0 83,837 3,847 0 0 838,000 16,300 1,315,000

1990 - 1991 Average 331,000 51,275 7,247 1,362 19,848 18,725 9,762 11,322 5,636 71,430 0 106,877 925 0 0 799,000 16,700 1,451,000

1991 - 1992 Below Average 285,000 34,325 4,080 739 21,336 20,743 11,700 15,569 6,607 51,949 0 92,567 1,611 0 0 817,000 17,000 1,380,000

1992 - 1993 Above Average 462,000 115,640 15,422 3,623 41,261 18,180 12,357 12,310 6,968 321,973 96,890 133,359 3,420 12,219 6,423 496,000 17,200 1,775,000

1993 - 1994 Below Average 293,000 61,313 6,908 1,148 22,064 18,740 14,255 12,895 6,526 71,784 7,793 92,394 3,640 3,605 2,000 791,000 17,600 1,427,000

1994 - 1995 Above Average 610,000 218,480 32,053 10,596 37,477 16,186 11,681 9,455 6,562 229,683 55,365 124,388 8,918 8,263 5,395 574,000 17,600 1,976,000

1995 - 1996 Average 321,000 174,473 23,095 5,957 48,924 21,617 15,415 13,808 7,993 236,845 60,931 144,069 12,551 11,130 5,267 508,000 17,800 1,629,000

1996 - 1997 Above Average 450,000 353,968 58,781 12,920 40,908 20,158 15,736 13,379 7,298 192,934 37,048 153,967 12,383 0 0 567,000 18,700 1,955,000

1997 - 1998 Above Average 728,000 439,125 88,360 36,764 28,221 13,165 11,745 10,159 4,913 101,180 41,823 119,815 7,460 0 0 630,000 17,900 2,279,000

1998 - 1999 Above Average 373,000 108,466 18,410 7,469 37,062 17,567 14,527 16,107 9,218 183,971 34,736 124,051 9,778 0 0 620,000 18,000 1,592,000

1999 - 2000 Average 354,000 102,354 15,230 4,878 39,734 19,200 16,476 15,545 7,191 177,192 40,076 134,272 8,118 0 253 651,000 18,900 1,604,000

2000 - 2001 Below Average 265,000 55,249 7,016 4,695 25,252 19,194 17,550 15,436 6,456 83,405 9,098 117,746 3,824 0 0 719,000 19,100 1,368,000

2001 - 2002 Below Average 252,000 73,206 10,370 6,176 26,131 20,234 15,088 13,628 6,388 78,511 13,588 126,747 2,932 0 0 713,000 20,900 1,379,000

2002 - 2003 Below Average 247,000 125,004 15,678 5,875 33,692 18,356 14,591 14,646 5,844 131,470 32,195 121,277 4,728 104 0 610,000 20,600 1,401,000

2003 - 2004 Below Average 207,000 51,738 6,882 2,350 26,988 20,352 15,755 14,698 6,913 71,472 9,839 127,364 3,434 0 0 656,000 21,700 1,242,000

2004 - 2005 Above Average 395,000 172,558 22,758 6,502 42,840 15,266 13,495 14,748 5,217 247,595 59,211 119,847 11,741 14,490 0 479,000 20,600 1,641,000

2005 - 2006 Above Average 401,000 195,667 23,868 7,588 45,106 21,763 14,507 13,251 6,436 194,019 60,634 121,005 10,909 16,112 0 490,000 21,600 1,643,000

2006 - 2007 Below Average 170,000 38,587 6,901 1,815 16,280 20,797 15,133 9,775 5,489 33,174 7,200 79,111 6,641 0 0 746,000 22,700 1,180,000

2007 - 2008 Below Average 189,000 74,030 8,411 2,355 24,083 18,192 17,689 12,988 6,894 71,872 12,243 106,470 2,165 0 0 637,000 23,000 1,206,000

2008 - 2009 Below Average 203,000 54,737 6,620 1,751 31,282 19,701 15,524 18,000 6,165 113,189 23,620 111,556 191 2,131 0 660,000 22,500 1,290,000

2009 - 2010 Average 325,000 144,778 16,470 5,080 42,855 17,574 14,027 14,335 5,845 200,064 32,972 118,671 3,243 2,671 0 483,000 21,800 1,448,000

2010 - 2011 Above Average 479,000 266,473 44,873 14,997 46,733 16,381 13,405 9,387 6,105 229,763 48,391 127,447 6,476 10,951 0 514,000 21,800 1,856,000

2011 - 2012 Below Average 302,000 87,533 11,311 3,334 19,189 19,757 14,309 9,318 4,680 67,684 5,914 114,108 3,156 943 0 730,000 22,500 1,416,000

2012 - 2013 Below Average 139,000 30,283 4,777 1,145 14,102 20,628 14,955 10,298 4,354 37,073 5,012 87,302 1,492 0 0 790,000 22,700 1,183,000

2013 - 2014 Below Average 99,000 13,171 2,957 535 5,724 12,390 9,986 178 1,030 0 0 38,106 1,048 0 0 900,000 21,900 1,106,000

2014 - 2015 Below Average 142,000 8,820 1,994 253 1,503 12,012 5,438 114 260 0 0 18,591 575 0 0 890,000 19,700 1,101,000

2015 - 2016 Below Average 217,000 74,330 14,559 4,547 20,049 14,357 11,805 13,271 4,627 73,382 3,442 93,806 587 0 0 614,000 19,700 1,179,000

2016 - 2017 Below Average 227,000 352,963 51,145 17,241 51,137 16,089 14,203 21,651 6,694 273,151 82,363 137,773 12,146 2,367 0 429,000 20,100 1,715,000

86/87-16/17 Avg 306,000 118,300 17,800 5,800 28,800 18,300 13,500 12,600 5,900 122,200 25,600 109,900 5,300 2,800 700 664,000 19,400 1,477,000

Tule Subbasin Historical Surface Water Budget - Inflow

Surface Water Inflow (acre-ft)

Water Year Precipitation

Stream Inflow Imported Water Discharge from Wells

Total In
Water Year

 Type
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Tule Subbasin Technical Advisory Committee
Groundwater Flow Model of the Tule Subbasin

Table 4b

A B C D E F G H I J K L M N O P Q R S

Success to 

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir

Trenton Weir to 

Homeland Canal

1986 - 1987 Below Average 0 11,600 1,100 8,100 0 2,400 20,700 0 52,500 5,400 0 0 2,600 8,500 0 56,100 200 169,900 5,200

1987 - 1988 Average 4,000 8,000 900 5,800 0 1,300 8,800 0 32,700 5,000 0 0 3,200 5,500 0 48,100 200 183,200 5,400

1988 - 1989 Below Average 0 8,700 0 7,500 0 1,800 7,400 0 20,500 6,200 0 0 3,400 6,100 0 51,800 200 172,100 5,600

1989 - 1990 Below Average 0 5,000 0 4,400 0 700 2,900 0 7,400 3,700 0 0 3,600 2,700 0 36,200 200 199,700 5,700

1990 - 1991 Average 7,000 6,400 300 6,900 0 1,300 6,800 0 24,300 5,200 0 0 3,700 5,900 0 46,900 200 190,300 5,800

1991 - 1992 Below Average 1,000 4,300 0 3,800 0 700 3,100 0 16,100 3,700 0 0 3,800 3,500 0 44,700 200 194,900 5,900

1992 - 1993 Above Average 57,000 18,500 3,000 15,100 0 3,500 27,800 0 184,400 8,200 0 5,600 3,900 16,800 0 118,000 200 111,300 6,000

1993 - 1994 Below Average 2,000 6,100 200 6,600 0 1,100 14,200 0 35,600 5,000 0 700 4,000 8,700 0 51,800 200 187,400 6,100

1994 - 1995 Above Average 144,000 36,400 10,400 21,200 1,000 10,500 39,500 3,800 128,500 7,800 1,800 10,400 3,900 34,600 1,000 88,900 200 130,900 6,100

1995 - 1996 Average 5,000 20,700 4,000 13,700 700 5,800 26,200 2,800 87,600 21,200 700 39,500 3,900 31,800 1,200 119,000 200 115,700 6,200

1996 - 1997 Above Average 50,000 34,600 9,700 45,100 1,800 12,800 47,300 6,900 64,200 25,300 1,900 14,100 4,300 31,400 700 117,300 200 130,700 6,300

1997 - 1998 Above Average 219,000 41,100 9,000 14,900 12,700 36,600 79,100 48,800 54,100 32,000 900 16,200 3,900 41,100 3,100 65,200 200 143,800 6,300

1998 - 1999 Above Average 18,000 14,300 2,800 13,300 600 7,300 19,500 2,500 58,200 17,600 400 19,800 3,900 14,100 300 88,700 200 143,200 6,400

1999 - 2000 Average 12,000 16,900 2,900 10,100 600 4,800 11,100 2,400 64,400 8,900 500 13,000 4,200 15,200 300 93,200 200 152,400 6,500

2000 - 2001 Below Average 0 12,300 0 6,700 0 4,600 7,000 0 28,500 5,000 0 2,700 4,300 7,800 0 61,700 200 169,600 6,600

2001 - 2002 Below Average 0 14,800 700 10,100 0 6,100 13,400 0 24,800 5,800 0 100 4,900 9,000 0 65,200 300 169,100 6,900

2002 - 2003 Below Average 0 19,700 3,700 13,600 100 5,800 22,800 400 53,600 12,200 300 5,000 4,800 11,500 200 65,700 200 123,200 6,900

2003 - 2004 Below Average 0 9,900 300 6,600 0 2,300 7,700 0 19,600 3,900 0 0 5,100 6,200 0 57,800 200 134,000 7,100

2004 - 2005 Above Average 26,000 24,200 4,700 14,400 400 6,400 22,900 1,500 91,200 19,000 2,900 32,000 2,400 15,300 700 89,700 500 92,600 7,100

2005 - 2006 Above Average 28,000 28,100 7,200 14,400 900 7,500 40,500 3,400 78,000 23,300 3,200 26,600 2,000 29,300 400 91,000 700 95,700 7,300

2006 - 2007 Below Average 0 6,200 1,500 6,600 0 1,700 5,100 0 15,500 4,300 0 100 2,000 4,800 0 36,000 700 151,600 7,500

2007 - 2008 Below Average 0 11,700 1,100 8,100 0 2,300 15,900 0 22,100 6,900 0 1,600 2,000 7,800 0 45,500 800 129,700 7,600

2008 - 2009 Below Average 0 9,500 1,400 6,300 0 1,600 7,100 0 43,800 5,200 0 8,100 2,000 7,600 0 57,400 700 135,300 7,600

2009 - 2010 Average 6,000 25,600 4,500 16,100 0 5,000 34,600 0 72,700 14,300 0 29,900 2,000 19,200 0 77,700 600 93,900 7,500

2010 - 2011 Above Average 65,000 37,100 7,500 24,400 1,300 14,800 82,400 5,000 89,500 39,000 9,700 45,700 2,000 30,300 1,400 84,700 600 101,900 7,600

2011 - 2012 Below Average 3,000 13,600 300 11,000 0 3,200 17,800 0 23,100 8,100 0 7,000 2,000 11,900 0 46,200 700 151,300 7,700

2012 - 2013 Below Average 0 4,900 0 4,500 0 1,000 4,400 0 13,000 5,300 0 100 2,000 3,400 0 35,000 700 165,100 7,800

2013 - 2014 Below Average 0 2,300 0 2,700 0 400 0 0 0 3,800 0 0 2,000 1,000 0 13,000 600 183,400 7,700

2014 - 2015 Below Average 0 1,000 0 1,800 0 200 0 0 0 3,600 0 0 2,000 1,100 0 5,600 500 178,800 7,500

2015 - 2016 Below Average 0 16,000 5,500 14,300 0 4,400 11,400 0 28,600 6,600 0 3,700 2,000 5,900 0 35,300 400 123,500 7,600

2016 - 2017 Below Average 0 42,100 15,900 37,000 800 17,100 82,600 3,100 133,700 37,300 3,700 61,000 2,000 41,400 1,400 99,000 500 83,300 7,700

86/87-16/17 Avg 21,000 16,500 3,200 12,100 700 5,600 22,300 2,600 50,600 11,600 800 11,100 3,200 14,200 300 64,300 400 145,400 6,700

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Tule Subbasin Historical Surface Water Budget

Surface Water Outflow (acre-ft)

Canal Loss Recharge in Basins Deep Percolation of Applied Water

Deer

Creek

Imported

Water

Imported

Water

Water Year Tule

River

Tule

River

Deer

Creek

Streambed Infiltration

Areal

Recharge of

Precipitation

Tule River Native Deer Creek

White

River

Recycled

Water

Water Year 

Type
Deer

Creek

Imported

Water

Tule

River

Agricultural 

Pumping

Municipal

Pumping

Recycled

Water
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Table 4b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

Stream 

Channel

Stream 

Channel

Agricultural 

Cons. Use

Recharge

in Basins

Agricultural 

Cons. Use

1986 - 1987 Below Average 219,000 24,700 800 0 300 100 183,000 553,900 50 700 4,800 0 0 1,332,000

1987 - 1988 Average 311,000 13,800 400 0 300 100 170,100 584,700 50 900 5,300 0 0 1,399,000

1988 - 1989 Below Average 254,000 17,600 400 0 300 100 185,200 556,200 50 1,000 5,500 0 0 1,312,000

1989 - 1990 Below Average 245,000 8,800 400 0 300 100 136,700 638,100 50 1,000 5,700 0 0 1,308,000

1990 - 1991 Average 324,000 16,800 500 0 300 100 173,300 608,700 50 1,000 5,900 0 0 1,442,000

1991 - 1992 Below Average 284,000 10,800 400 0 300 100 161,300 622,000 50 1,100 6,000 0 0 1,372,000

1992 - 1993 Above Average 406,000 34,900 800 0 400 100 357,500 385,000 50 1,100 6,100 0 0 1,771,000

1993 - 1994 Below Average 291,000 21,100 500 0 300 100 167,600 603,800 50 1,100 6,200 0 0 1,421,000

1994 - 1995 Above Average 466,000 71,600 900 2,900 400 100 285,600 442,700 50 1,100 6,200 25,000 0 1,983,000

1995 - 1996 Average 316,000 62,600 1,000 3,600 400 100 332,300 392,200 50 1,100 6,300 7,000 0 1,629,000

1996 - 1997 Above Average 399,000 57,100 1,000 2,000 400 100 298,200 436,100 50 1,200 6,600 121,000 0 1,927,000

1997 - 1998 Above Average 509,000 98,000 1,000 9,100 400 200 203,000 485,800 50 1,100 6,300 132,000 0 2,274,000

1998 - 1999 Above Average 354,000 37,700 1,000 1,000 400 200 280,600 477,200 50 1,100 6,300 0 0 1,591,000

1999 - 2000 Average 342,000 39,200 700 900 400 100 286,800 498,600 50 1,200 6,600 5,000 0 1,601,000

2000 - 2001 Below Average 264,000 21,900 700 0 300 100 205,000 548,900 50 1,200 6,700 0 0 1,366,000

2001 - 2002 Below Average 252,000 22,600 700 0 300 100 213,200 543,800 50 1,400 7,400 0 0 1,373,000

2002 - 2003 Below Average 247,000 37,500 700 700 400 100 252,500 487,300 50 1,400 7,300 5,000 0 1,390,000

2003 - 2004 Below Average 207,000 18,200 600 0 300 100 219,400 522,200 50 1,500 7,700 1,000 0 1,239,000

2004 - 2005 Above Average 369,000 43,800 800 2,500 400 100 322,200 386,800 50 3,300 7,300 22,000 0 1,612,000

2005 - 2006 Above Average 373,000 58,800 800 1,300 400 100 308,200 394,100 50 4,000 7,600 11,000 0 1,647,000

2006 - 2007 Below Average 170,000 14,200 400 0 300 100 142,000 594,200 50 4,400 8,000 0 0 1,177,000

2007 - 2008 Below Average 189,000 24,300 600 0 300 100 203,400 507,600 50 4,500 8,100 1,000 0 1,202,000

2008 - 2009 Below Average 203,000 22,300 500 0 300 100 233,000 524,600 50 4,200 7,900 0 0 1,290,000

2009 - 2010 Average 320,000 45,400 800 0 400 100 275,700 388,600 50 3,900 7,700 0 0 1,452,000

2010 - 2011 Above Average 414,000 65,300 800 4,700 400 200 295,900 412,300 50 3,800 7,700 8,000 0 1,863,000

2011 - 2012 Below Average 299,000 33,800 600 0 300 100 182,700 578,500 50 4,100 7,900 10,000 0 1,424,000

2012 - 2013 Below Average 139,000 10,300 500 0 300 100 147,100 625,000 50 4,200 8,000 0 0 1,182,000

2013 - 2014 Below Average 99,000 2,400 300 0 300 100 55,500 716,500 50 3,800 7,700 0 0 1,103,000

2014 - 2015 Below Average 142,000 2,300 300 0 200 100 32,900 711,500 50 2,700 7,000 0 0 1,101,000

2015 - 2016 Below Average 217,000 19,400 500 0 300 100 167,700 490,200 50 2,700 7,000 0 0 1,170,000

2016 - 2017 Below Average 227,000 67,100 900 4,800 400 200 323,800 345,900 50 2,800 7,100 71,000 0 1,721,000

86/87-16/17 Avg 286,000 33,000 700 1,100 300 100 219,400 518,200 50 2,200 6,800 14,000 0 1,474,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Total Out
Ag. Cons. 

Use from 

Pumping

Evapotranspiration

Tule River

Tule River

Tule Subbasin Historical Surface Water Budget - Outflow

Surface Outflow

Surface Water Outflow (acre-ft)

Water Year

Deer Creek Recycled Water

Deer

Creek

Municipal 

(Landscape ET)

Precipitation

Crops/Native

Water Year Type
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 5

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural

Return Flow

Artificial

Recharge

1986 - 1987 Below Average 0 11,600 1,100 20,700 5,400 8,500 8,100 0 0 0 0 2,400 52,500 0 56,100 169,900 5,200 200 2,600 120,000 113,000 28,000 605,000

1987 - 1988 Average 4,000 8,000 900 8,800 5,000 5,500 5,800 0 0 0 0 1,300 32,700 0 48,100 183,200 5,400 200 3,200 88,000 131,000 29,000 560,000

1988 - 1989 Below Average 0 8,700 0 7,400 6,200 6,100 7,500 0 0 0 0 1,800 20,500 0 51,800 172,100 5,600 200 3,400 71,000 131,000 29,000 522,000

1989 - 1990 Below Average 0 5,000 0 2,900 3,700 2,700 4,400 0 0 0 0 700 7,400 0 36,200 199,700 5,700 200 3,600 132,000 133,000 29,000 566,000

1990 - 1991 Average 7,000 6,400 300 6,800 5,200 5,900 6,900 0 0 0 0 1,300 24,300 0 46,900 190,300 5,800 200 3,700 126,000 144,000 29,000 610,000

1991 - 1992 Below Average 1,000 4,300 0 3,100 3,700 3,500 3,800 0 0 0 0 700 16,100 0 44,700 194,900 5,900 200 3,800 143,000 140,000 30,000 599,000

1992 - 1993 Above Average 57,000 18,500 3,000 27,800 8,200 16,800 15,100 0 0 0 0 3,500 184,400 5,600 118,000 111,300 6,000 200 3,900 44,000 93,000 30,000 746,000

1993 - 1994 Below Average 2,000 6,100 200 14,200 5,000 8,700 6,600 0 0 0 0 1,100 35,600 700 51,800 187,400 6,100 200 4,000 85,000 123,000 30,000 568,000

1994 - 1995 Above Average 144,000 36,400 10,400 39,500 7,800 34,600 21,200 1,000 3,800 1,800 1,000 10,500 128,500 10,400 88,900 130,900 6,100 200 3,900 33,000 101,000 30,000 845,000

1995 - 1996 Average 5,000 20,700 4,000 26,200 21,200 31,800 13,700 700 2,800 700 1,200 5,800 87,600 39,500 119,000 115,700 6,200 200 3,900 19,000 95,000 27,000 647,000

1996 - 1997 Above Average 50,000 34,600 9,700 47,300 25,300 31,400 45,100 1,800 6,900 1,900 700 12,800 64,200 14,100 117,300 130,700 6,300 200 4,300 19,000 111,000 28,000 763,000

1997 - 1998 Above Average 219,000 41,100 9,000 79,100 32,000 41,100 14,900 12,700 48,800 900 3,100 36,600 54,100 16,200 65,200 143,800 6,300 200 3,900 17,000 126,000 30,000 1,001,000

1998 - 1999 Above Average 18,000 14,300 2,800 19,500 17,600 14,100 13,300 600 2,500 400 300 7,300 58,200 19,800 88,700 143,200 6,400 200 3,900 18,000 122,000 30,000 601,000

1999 - 2000 Average 12,000 16,900 2,900 11,100 8,900 15,200 10,100 600 2,400 500 300 4,800 64,400 13,000 93,200 152,400 6,500 200 4,200 20,000 131,000 30,000 601,000

2000 - 2001 Below Average 0 12,300 0 7,000 5,000 7,800 6,700 0 0 0 0 4,600 28,500 2,700 61,700 169,600 6,600 200 4,300 42,000 142,000 30,000 531,000

2001 - 2002 Below Average 0 14,800 700 13,400 5,800 9,000 10,100 0 0 0 0 6,100 24,800 100 65,200 169,100 6,900 300 4,900 59,000 135,000 30,000 555,000

2002 - 2003 Below Average 0 19,700 3,700 22,800 12,200 11,500 13,600 100 400 300 200 5,800 53,600 5,000 65,700 123,200 6,900 200 4,800 42,000 123,000 29,000 544,000

2003 - 2004 Below Average 0 9,900 300 7,700 3,900 6,200 6,600 0 0 0 0 2,300 19,600 0 57,800 134,000 7,100 200 5,100 70,000 127,000 29,000 487,000

2004 - 2005 Above Average 26,000 24,200 4,700 22,900 19,000 15,300 14,400 400 1,500 2,900 700 6,400 91,200 32,000 89,700 92,600 7,100 500 2,400 26,000 96,000 29,000 605,000

2005 - 2006 Above Average 28,000 28,100 7,200 40,500 23,300 29,300 14,400 900 3,400 3,200 400 7,500 78,000 26,600 91,000 95,700 7,300 700 2,000 16,000 97,000 29,000 630,000

2006 - 2007 Below Average 0 6,200 1,500 5,100 4,300 4,800 6,600 0 0 0 0 1,700 15,500 100 36,000 151,600 7,500 700 2,000 78,000 125,000 29,000 476,000

2007 - 2008 Below Average 0 11,700 1,100 15,900 6,900 7,800 8,100 0 0 0 0 2,300 22,100 1,600 45,500 129,700 7,600 800 2,000 96,000 113,000 30,000 502,000

2008 - 2009 Below Average 0 9,500 1,400 7,100 5,200 7,600 6,300 0 0 0 0 1,600 43,800 8,100 57,400 135,300 7,600 700 2,000 125,000 108,000 30,000 557,000

2009 - 2010 Average 6,000 25,600 4,500 34,600 14,300 19,200 16,100 0 0 0 0 5,000 72,700 29,900 77,700 93,900 7,500 600 2,000 70,000 83,000 29,000 592,000

2010 - 2011 Above Average 65,000 37,100 7,500 82,400 39,000 30,300 24,400 1,300 5,000 9,700 1,400 14,800 89,500 45,700 84,700 101,900 7,600 600 2,000 34,000 93,000 29,000 806,000

2011 - 2012 Below Average 3,000 13,600 300 17,800 8,100 11,900 11,000 0 0 0 0 3,200 23,100 7,000 46,200 151,300 7,700 700 2,000 86,000 123,000 29,000 545,000

2012 - 2013 Below Average 0 4,900 0 4,400 5,300 3,400 4,500 0 0 0 0 1,000 13,000 100 35,000 165,100 7,800 700 2,000 145,000 130,000 29,000 551,000

2013 - 2014 Below Average 0 2,300 0 0 3,800 1,000 2,700 0 0 0 0 400 0 0 13,000 183,400 7,700 600 2,000 186,000 132,000 30,000 565,000

2014 - 2015 Below Average 0 1,000 0 0 3,600 1,100 1,800 0 0 0 0 200 0 0 5,600 178,800 7,500 500 2,000 189,000 124,000 30,000 545,000

2015 - 2016 Below Average 0 16,000 5,500 11,400 6,600 5,900 14,300 0 0 0 0 4,400 28,600 3,700 35,300 123,500 7,600 400 2,000 140,000 112,000 30,000 547,000

2016 - 2017 Below Average 0 42,100 15,900 82,600 37,300 41,400 37,000 800 3,100 3,700 1,400 17,100 133,700 61,000 99,000 83,300 7,700 500 2,000 61,000 95,000 29,000 855,000

86/87-16/17 Avg 21,000 16,500 3,200 22,300 11,600 14,200 12,100 700 2,600 800 300 5,600 50,600 11,100 64,300 145,400 6,700 400 3,200 77,000 118,000 29,000 617,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Water Year Type Recharge

in Basins

Return

Flow

Recharge

in Basins

Tule River Infiltration Deer Creek Infiltration

Success to

Oettle Bridge

Infiltration

Oettle Bridge to 

Turnbull Weir

Infiltration

Canal

Loss

Trenton Weir

to Homeland

Canal 

Infiltration

Canal

Loss

Groundwater Inflows (acre-ft)

Mountain-

Block 

Recharge

Return

Flow

Areal

Recharge

from

Precipitation

Canal

Loss

Recharge

in Basins

Return

Flow

Municipal Pumping

Return

Flow

Recycled Water

Tule Subbasin Historical Groundwater Budget

Water Year

Before

Trenton

Weir 

Infiltration

White

River 

Infiltration

Total In

Agricultural

Pumping

Return Flow

Release of 

Water

from 

Compression

of Aquitards

Sub-

surface

Inflow

Imported Water Deliveries
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 5

W X Y Z AA

1986 - 1987 Below Average 13,500 724,000 6,550 0 61,000 805,000 -200,000

1987 - 1988 Average 15,100 768,000 34,180 0 53,000 870,000 -310,000

1988 - 1989 Below Average 15,700 728,000 38,290 0 51,000 833,000 -311,000

1989 - 1990 Below Average 16,300 838,000 50,430 0 53,000 958,000 -392,000

1990 - 1991 Average 16,700 799,000 46,300 0 61,000 923,000 -313,000

1991 - 1992 Below Average 17,000 817,000 41,250 0 52,000 927,000 -328,000

1992 - 1993 Above Average 17,200 496,000 14,550 0 73,000 601,000 145,000

1993 - 1994 Below Average 17,600 791,000 11,220 0 59,000 879,000 -311,000

1994 - 1995 Above Average 17,600 574,000 1,320 0 61,000 654,000 191,000

1995 - 1996 Average 17,800 508,000 0 0 65,000 591,000 56,000

1996 - 1997 Above Average 18,700 567,000 0 0 65,000 651,000 112,000

1997 - 1998 Above Average 17,900 630,000 0 0 62,000 710,000 291,000

1998 - 1999 Above Average 18,000 620,000 0 0 62,000 700,000 -99,000

1999 - 2000 Average 18,900 651,000 7,720 0 60,000 738,000 -137,000

2000 - 2001 Below Average 19,100 719,000 30,600 0 60,000 829,000 -298,000

2001 - 2002 Below Average 20,900 713,000 44,520 0 58,000 836,000 -281,000

2002 - 2003 Below Average 20,600 610,000 33,660 0 55,000 719,000 -175,000

2003 - 2004 Below Average 21,700 656,000 37,790 0 55,000 770,000 -283,000

2004 - 2005 Above Average 20,600 479,000 11,720 0 66,000 577,000 28,000

2005 - 2006 Above Average 21,600 490,000 150 0 64,000 576,000 54,000

2006 - 2007 Below Average 22,700 746,000 49,500 0 54,000 872,000 -396,000

2007 - 2008 Below Average 23,000 637,000 50,090 0 68,000 778,000 -276,000

2008 - 2009 Below Average 22,500 660,000 48,860 550 78,000 810,000 -253,000

2009 - 2010 Average 21,800 483,000 28,530 70 92,000 625,000 -33,000

2010 - 2011 Above Average 21,800 514,000 8,060 0 86,000 630,000 176,000

2011 - 2012 Below Average 22,500 730,000 43,570 3,860 76,000 876,000 -331,000

2012 - 2013 Below Average 22,700 790,000 63,640 5,990 68,000 950,000 -399,000

2013 - 2014 Below Average 21,900 900,000 58,030 5,590 69,000 1,055,000 -490,000

2014 - 2015 Below Average 19,700 890,000 53,270 1,150 64,000 1,028,000 -483,000

2015 - 2016 Below Average 19,700 614,000 50,000 70 70,000 754,000 -207,000

2016 - 2017 Below Average 20,100 429,000 11,330 0 90,000 550,000 305,000

19,400 664,000 28,200 600 65,000 777,000 -160,000

Cummulative Change in Storage  -4,948,000

Groundwater Inflows to be Included in Sustainable Yield Estimates

Groundwater Inflows to be Excluded from the Sustainable Yield Estimates

Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Groundwater 

Banking 

Extraction

Groundwater Outflows (acre-ft)

Irrigated

Agriculture
Exports

Water Year Type

Tule Subbasin Groundwater Budget

Change in 

Storage

(acre-ft)

Water Year

Sub-

surface 

Outflow

Total Out
Municipal

Groundwater Pumping
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Tule Subbasin Technical Advisory Committee

Goundwater Flow Model of the Tule Subbasin
Table 6

No. Lead Entity Project Name Description Timeframe Annual Volume Water Source Confidence

1 City of Porterville Population Increase Increase GW Production 2.5%/yr 2020-2040 9,500 af/yr by 2040 N/A High

2 City of Porterville Recycling Increase Increase RW Applied to Ag 2.5%/yr 2020-2040 1,900 af/yr by 2040 Recycled Water High

3 City of Porterville Recycling Increase Increase RW Recharge 2.5%/yr 2020-2040 1,600 af/yr by 2040 Recycled Water High

4 City of Porterville Tule River Recharge Recharge Project Starting 2019/20 900 af/yr Tule River High

5 City of Porterville FKC Recharge Recharge Project Starting 2020/21 1,100 af/yr FKC via Porterville ID High

6 Porterville ID SA 1 & 2 Expand distribution system Starting 2018/19 3,200 af/yr Tule River and FKC High

7 Porterville ID Falconer Bank Develop water bank Starting 2020/21 3,300 af/yr of leave-behind FKC and others High

8 Porterville ID Recharge Policy On-Farm recharge Starting 2019/20 3,000 af/yr Tule River and FKC High

9 Saucelito ID Conway Bank Develop water bank Starting 2020/21 1,100 af/yr of leave-behind FKC and others High

10 Saucelito ID Recharge Policy On-Farm recharge Starting 2019/20 2,000 af/yr FKC High

11 Kern-Tulare WD In-District Pricing Pricing change Starting 2020/21 2,600 af/yr N/A High

12 Kern-Tulare WD Reservoir Storage Surface water storage Starting 2029/30 500 af/yr FKC and others Medium

13 Kern-Tulare WD CRC Pipeline Deliver produced water Starting 2024/25 680 af/yr CRC Produced water High

14 Terra Bella ID Deer Creek Recharge Divert and recharge DC Starting 2017/18 800 af/yr Deer Creek High

15 PWC, VWD, & CMDC SREP Success Dam Enlargement Starting 2024/25 400 af/yr Tule River High

16 Hope WD In-District Recharge Recharge Project Starting 2022/23 5,000 af/yr every 3 years FKC and others / unknown Medium

17 Ducor ID In-District Recharge Pipeline and Recharge Project Starting 2023/24 4,000 af/yr FKC and others / unknown High

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Creighton Ranch Unknown Unknown Not applicable N/A

2 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A

3 SREP Starting 2024/25 2,600 af/yr Tule River N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

N/A No planned projects N/A N/A N/A N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Deep Pumping Reduction Start in 2019/20, completed in 2023/24 24,000 af/yr Not applicable High

2 Duck Club Project 2019/20 5,400 af every 7 years Unknown High

3 Liberty Project Start in 2019/20, completed in 2022/23 5,000 af/yr FID, FKC, KR, TR, KW, SWP High

4 Recharge Scenario Unknown 1,200 to 1,800 af/yr Unknown N/A

No. Project Name Timeframe Annual Volume Water Source Confidence

1 Water Capture Starting in 2022/23 1,100 af 2.5x per yr every 2 yrs Deer Creek N/A

2 Cropping Changes Starting 2019/20 Not applicable Not applicable N/A

Description

Deer Creek flood capture

Install drip irrigation on 1,900 acres

Description

Replace deep pumping with 24 new shallow wells

Duck Club water transferred to farms

Participation in the Liberty Project surface water storage

Confidential. Capture and recharge flood water

Alpaugh GSA

Summary of Projects Exclusive of Transitional Pumping

LTRID GSA

Pixley GSA

DEID GSA

Description

Tri-County GSA

Eastern Tule GSA

N/A

Description

Continue FKC transfers to Pixley ID

Groundwater exports

Description

Continue FKC transfers from LTRID

Success Dam Enlargement
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Tule Subbasin Technical Advisory Committee

Goundwater Flow Model of the Tule Subbasin
Table 6

Summary of Projects Exclusive of Transitional Pumping
Notes:

N/A= Not Available VMD = Vandalia Water District

af/yr =  acre-foot per year CMDC = Campbell Moreland Ditch Company

ID = Irrigation District SREP = Success Reservoir Enlargement Project

GW = Groundwater WD = Water District

RW = Recycled water MA = Management Area

Ag = Agricultural FID = Fresno Irrigation District (Fresno Slough)

DC = Deer Creek KR = Kaweah River

FKC = Friant-Kern Canal TR = Tule River

SA = Service Area KW = Kaweah River

CRC = California Resources Corporation SWP = State Water Project

PWC = Pioneer Water Company
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 7

Eastern Tule GSA LTRID GSA Pixley ID GSA
DEID-District 

Area

DEID White 

Lands Area
Tri-Co GSA Alpaugh GSA

2020-2025 90% of over-pumping
1 2.0 af/ac Over

Cons. Use Target

Fallow 5,000 acres;

Remaining 2.0 af/ac Over

Cons. Use Target

100% of over-

pumping

100% of over-

pumping

2025-2030 80% of over-pumping
1.5 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 1.5 af/ac Over

Cons. Use Target
2

2030-2035 30% of over-pumping
1.0 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 1.0 af/ac Over

Cons. Use Target

50% of overpumping

2035-2040
0.5 af/ac Over

Cons. Use Target

Fallow 5,000 acres; 

Remaining 0.5 af/ac Over

Cons. Use Target

20% of overpumping

2040+ Sustainable Sustainable Sustainable

Notes:
1
Over-pumping means pumping in excess of the consumptive use target

2
Over consumptive use target means over pumping 

Reduce cropped area by 880 

acres; 80% of overpumping

Reduce pumping

10,000 af/yr

Sustainable

Planned Transitional Pumping by GSA

Sustainable Sustainable

Linear Transitional 

Pumping 
No Change/

Sustainable
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 8a

A B C D E F G H I J K L M N O P Q R S T U

Tule River Deer Creek
White

River

Saucelito

ID

Terra Bella

ID

Kern-Tulare 

WD

Porterville 

ID

Tea Pot 

Dome WD

City of 

Porterville
Hope WD Ducor ID LTRID Pixley ID

Delano-

Earlimart ID

Angiola

WD

Alpaugh

ID

Atwell Island

WD
Private

Agriculture

Pumping

Municipal

Pumping

2017 - 2018 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 549,000 21,700 1,430,000

2018 - 2019 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 548,000 23,400 1,431,000

2019 - 2020 306,000 131,258 19,410 6,347 34,567 18,786 15,335 23,103 6,528 0 0 0 143,186 31,763 116,902 7,961 3,680 0 0 529,000 25,000 1,419,000

2020 - 2021 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 9,211 3,680 0 0 526,000 25,400 1,422,000

2021 - 2022 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 10,461 3,680 0 0 524,000 25,700 1,422,000

2022 - 2023 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 0 143,186 31,763 116,902 13,590 3,680 0 0 523,000 26,100 1,426,000

2023 - 2024 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 4,000 143,186 31,763 116,902 18,926 3,680 0 0 522,000 26,500 1,435,000

2024 - 2025 306,000 134,258 19,410 6,347 34,893 20,304 18,229 24,339 6,594 1,100 1,667 4,000 135,513 31,763 117,661 24,261 3,680 0 1,500 494,000 26,900 1,412,000

2025 - 2026 306,000 134,258 19,410 6,347 34,118 21,823 17,843 25,575 6,661 1,100 1,667 4,000 127,841 31,763 118,420 29,597 4,813 0 1,500 487,000 27,400 1,407,000

2026 - 2027 306,000 134,258 19,410 6,347 33,343 23,341 17,458 26,812 6,727 1,100 1,667 4,000 120,168 31,763 119,180 34,933 4,751 0 1,500 481,000 27,800 1,402,000

2027 - 2028 306,000 134,258 19,410 6,347 32,568 24,860 17,072 28,048 6,793 1,100 1,667 4,000 112,496 31,763 119,939 40,268 4,689 0 1,500 474,000 28,200 1,395,000

2028 - 2029 306,000 134,258 19,410 6,347 31,794 26,378 16,687 29,285 6,860 1,100 1,667 4,000 104,823 31,763 120,698 43,725 4,627 0 1,500 468,000 28,700 1,388,000

2029 - 2030 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 4,565 0 1,500 412,000 29,200 1,328,000

2030 - 2031 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 413,000 29,600 1,331,000

2031 - 2032 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 410,000 30,100 1,328,000

2032 - 2033 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 407,000 30,600 1,326,000

2033 - 2034 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 405,000 31,100 1,324,000

2034 - 2035 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 345,000 31,700 1,265,000

2035 - 2036 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,200 1,266,000

2036 - 2037 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,800 1,266,000

2037 - 2038 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,300 1,267,000

2038 - 2039 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,900 1,267,000

2039 - 2040 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 303,000 34,500 1,227,000

2040 - 2041 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2041 - 2042 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2042 - 2043 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2043 - 2044 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2044 - 2045 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2045 - 2046 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2046 - 2047 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2047 - 2048 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2048 - 2049 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2049 - 2050 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000

2050 - 2051 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2051 - 2052 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2052 - 2053 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2053 - 2054 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2054 - 2055 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2055 - 2056 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2056 - 2057 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2057 - 2058 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2058 - 2059 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2059 - 2060 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2060 - 2061 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2061 - 2062 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2062 - 2063 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2063 - 2064 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2064 - 2065 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2065 - 2066 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2066 - 2067 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2067 - 2068 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000

2068 - 2069 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 45,214 7,793 0 1,500 297,000 34,500 1,191,000

2069 - 2070 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 24,476 7,793 0 1,500 297,000 34,500 1,170,000

17/18-69/70 Avg 306,000 132,500 19,200 6,300 31,200 25,700 17,800 28,300 6,700 1,000 1,500 3,500 100,500 31,800 117,100 37,800 6,600 0 1,300 361,000 32,000 1,268,000

Projected Future Tule Subbasin Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation

Stream Inflow Discharge from WellsImported Water

Total In
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 8b

A B C D E F G H I J K L M N O P Q R S

Success to 

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir

Trenton Weir to 

Homeland Canal

2017 - 2018 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 600 110,400 7,900

2018 - 2019 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 700 110,300 8,100

2019 - 2020 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 19,200 2,500 15,500 800 68,100 400 106,600 8,300

2020 - 2021 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,700 400 106,000 8,300

2021 - 2022 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,900 400 105,700 8,400

2022 - 2023 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 23,000 2,700 15,500 800 69,100 500 105,400 8,400

2023 - 2024 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 27,000 2,800 15,500 800 69,100 500 105,300 8,500

2024 - 2025 21,000 17,900 3,900 11,600 600 6,200 18,200 2,100 62,400 13,700 1,300 27,900 2,800 15,800 800 69,600 500 100,200 8,500

2025 - 2026 21,000 17,900 3,900 11,600 600 6,200 18,400 2,100 59,600 13,700 1,300 27,300 2,900 15,800 1,100 70,200 500 98,900 8,600

2026 - 2027 21,000 17,900 3,900 11,600 600 6,200 18,700 2,100 56,800 13,700 1,300 26,700 3,000 15,800 1,100 70,500 500 98,000 8,600

2027 - 2028 21,000 17,900 3,900 11,600 600 6,200 19,000 2,100 53,900 13,700 1,300 26,100 3,100 15,800 1,100 70,900 500 97,000 8,700

2028 - 2029 21,000 17,900 3,900 11,600 600 6,200 19,300 2,100 51,100 13,700 1,300 25,500 3,100 15,800 1,100 71,300 500 96,000 8,700

2029 - 2030 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,200 15,500 1,100 71,800 500 86,900 8,800

2030 - 2031 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,300 15,500 1,100 72,100 600 86,900 8,800

2031 - 2032 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,400 15,500 1,100 72,100 600 86,400 8,900

2032 - 2033 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,900 8,900

2033 - 2034 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,400 9,000

2034 - 2035 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,600 15,500 1,100 72,100 600 74,000 9,100

2035 - 2036 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,700 15,500 1,100 72,400 600 73,700 9,100

2036 - 2037 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,800 15,500 1,100 72,400 700 73,700 9,200

2037 - 2038 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,900 15,500 1,100 72,400 700 73,700 9,300

2038 - 2039 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,000 15,500 1,100 72,400 700 73,700 9,300

2039 - 2040 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,400 700 64,300 9,400

2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400

2050 - 2051 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2051 - 2052 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2052 - 2053 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2053 - 2054 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2054 - 2055 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2055 - 2056 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2056 - 2057 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2057 - 2058 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2058 - 2059 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2059 - 2060 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2060 - 2061 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2061 - 2062 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2062 - 2063 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2063 - 2064 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2064 - 2065 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2065 - 2066 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2066 - 2067 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2067 - 2068 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2068 - 2069 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

2069 - 2070 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

17/18-69/70 Avg 21,000 17,700 3,900 11,500 600 6,100 19,000 2,100 49,500 13,200 1,300 24,100 3,700 15,500 1,100 70,200 600 75,300 9,100
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 8b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 

Cons. Use

Stream 

Channel

Agricultural 

Cons. Use

Stream 

Channel

Stream 

Channel

Agricultural 

Cons. Use

Recharge

in Basins

Agricultural 

Cons. Use

2017 - 2018 285,000 47,400 700 2,900 300 100 250,700 438,600 50 3,500 7,700 15,000 0 1,431,000

2018 - 2019 285,000 47,400 700 2,900 300 100 250,700 437,800 50 4,300 8,200 8,000 0 1,425,000

2019 - 2020 285,000 47,400 700 2,900 300 100 254,400 420,400 50 2,600 11,200 8,000 0 1,414,000

2020 - 2021 285,000 47,400 700 2,900 300 100 257,400 417,300 50 2,600 11,400 8,000 0 1,417,000

2021 - 2022 285,000 47,400 700 2,900 300 100 258,200 416,100 50 2,700 11,600 8,000 0 1,417,000

2022 - 2023 285,000 47,400 700 2,900 300 100 259,000 414,900 50 2,800 11,800 8,000 0 1,418,000

2023 - 2024 285,000 47,400 700 2,900 300 100 259,000 414,500 50 2,800 12,000 8,000 0 1,422,000

2024 - 2025 285,000 48,500 700 2,900 300 100 262,700 392,000 50 2,900 12,200 8,000 0 1,400,000

2025 - 2026 285,000 48,500 700 3,800 300 100 266,800 385,800 50 3,000 12,400 8,000 0 1,396,000

2026 - 2027 285,000 48,500 700 3,800 300 100 269,800 380,300 50 3,000 12,600 8,000 0 1,390,000

2027 - 2028 285,000 48,500 700 3,800 300 100 272,900 374,800 50 3,100 12,800 7,000 0 1,383,000

2028 - 2029 285,000 48,600 700 3,800 300 100 276,000 369,300 50 3,200 13,100 7,000 0 1,378,000

2029 - 2030 285,000 47,400 700 3,800 300 100 280,300 322,400 50 3,300 13,300 7,000 0 1,322,000

2030 - 2031 285,000 47,400 700 3,800 300 100 281,200 323,200 50 3,400 13,600 7,000 0 1,325,000

2031 - 2032 285,000 47,400 700 3,800 300 100 281,200 321,100 50 3,400 13,800 7,000 0 1,323,000

2032 - 2033 285,000 47,400 700 3,800 300 100 281,200 319,000 50 3,500 14,100 7,000 0 1,321,000

2033 - 2034 285,000 47,400 700 3,800 300 100 281,200 316,900 50 3,600 14,300 7,000 0 1,318,000

2034 - 2035 285,000 47,400 700 3,800 300 100 281,200 268,900 50 3,700 14,600 7,000 0 1,260,000

2035 - 2036 285,000 47,400 700 3,800 300 100 282,200 267,800 50 3,800 14,900 7,000 0 1,260,000

2036 - 2037 285,000 47,400 700 3,800 300 100 282,200 267,700 50 3,900 15,200 7,000 0 1,261,000

2037 - 2038 285,000 47,400 700 3,800 300 100 282,200 267,600 50 4,000 15,500 7,000 0 1,261,000

2038 - 2039 285,000 47,400 700 3,800 300 100 282,200 267,500 50 4,100 15,800 7,000 0 1,261,000

2039 - 2040 285,000 47,400 700 3,800 300 100 282,200 236,000 50 4,200 16,100 7,000 0 1,221,000

2040 - 2041 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2041 - 2042 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2042 - 2043 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2043 - 2044 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2044 - 2045 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2045 - 2046 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2046 - 2047 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2047 - 2048 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2048 - 2049 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2049 - 2050 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000

2050 - 2051 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2051 - 2052 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2052 - 2053 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2053 - 2054 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2054 - 2055 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2055 - 2056 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2056 - 2057 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2057 - 2058 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2058 - 2059 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2059 - 2060 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2060 - 2061 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2061 - 2062 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2062 - 2063 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2063 - 2064 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2064 - 2065 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2065 - 2066 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2066 - 2067 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2067 - 2068 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2068 - 2069 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

2069 - 2070 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

86/87-16/17 Avg 285,000 46,900 700 3,600 300 100 270,800 283,800 50 3,800 14,700 7,000 0 1,262,000
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Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 9

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural

Return Flow

Artificial

Recharge

2017 - 2018 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,400 7,900 600 2,000 52,000 73,000 33,000 537,000

2018 - 2019 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,300 8,100 700 2,000 56,000 71,000 33,000 539,000

2019 - 2020 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 19,200 68,100 106,600 8,300 400 2,500 58,000 68,000 33,000 540,000

2020 - 2021 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,700 106,000 8,300 400 2,600 60,000 64,000 33,000 541,000

2021 - 2022 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,900 105,700 8,400 400 2,600 62,000 60,000 33,000 539,000

2022 - 2023 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 23,000 69,100 105,400 8,400 500 2,700 64,000 57,000 33,000 539,000

2023 - 2024 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 27,000 69,100 105,300 8,500 500 2,800 66,000 55,000 33,000 543,000

2024 - 2025 21,000 17,900 3,900 18,200 13,700 15,800 11,600 600 2,100 1,300 800 6,200 62,400 27,900 69,600 100,200 8,500 500 2,800 61,000 51,000 33,000 530,000

2025 - 2026 21,000 17,900 3,900 18,400 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 59,600 27,300 70,200 98,900 8,600 500 2,900 59,000 50,000 33,000 524,000

2026 - 2027 21,000 17,900 3,900 18,700 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 56,800 26,700 70,500 98,000 8,600 500 3,000 59,000 50,000 33,000 520,000

2027 - 2028 21,000 17,900 3,900 19,000 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 53,900 26,100 70,900 97,000 8,700 500 3,100 59,000 50,000 33,000 516,000

2028 - 2029 21,000 17,900 3,900 19,300 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 51,100 25,500 71,300 96,000 8,700 500 3,100 59,000 51,000 33,000 514,000

2029 - 2030 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 71,800 86,900 8,800 500 3,200 52,000 51,000 33,000 495,000

2030 - 2031 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,900 8,800 600 3,300 50,000 50,000 33,000 492,000

2031 - 2032 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,400 8,900 600 3,400 49,000 51,000 33,000 492,000

2032 - 2033 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,900 8,900 600 3,500 48,000 51,000 33,000 490,000

2033 - 2034 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,400 9,000 600 3,500 47,000 51,000 33,000 489,000

2034 - 2035 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 74,000 9,100 600 3,600 38,000 50,000 33,000 468,000

2035 - 2036 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,100 600 3,700 35,000 50,000 33,000 465,000

2036 - 2037 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,200 700 3,800 34,000 50,000 32,000 463,000

2037 - 2038 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 3,900 33,000 51,000 32,000 463,000

2038 - 2039 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 4,000 32,000 53,000 32,000 465,000

2039 - 2040 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 64,300 9,400 700 4,100 23,000 51,000 32,000 444,000

2040 - 2041 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 21,000 51,000 32,000 442,000

2041 - 2042 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 20,000 52,000 32,000 442,000

2042 - 2043 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000

2043 - 2044 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000

2044 - 2045 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 18,000 52,000 32,000 440,000

2045 - 2046 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000

2046 - 2047 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000

2047 - 2048 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2048 - 2049 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2049 - 2050 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000

2050 - 2051 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 31,000 423,000

2051 - 2052 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 32,000 424,000

2052 - 2053 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 53,000 31,000 424,000

2053 - 2054 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000

2054 - 2055 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000

2055 - 2056 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 32,000 424,000

2056 - 2057 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2057 - 2058 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2058 - 2059 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000

2059 - 2060 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 54,000 31,000 423,000

2060 - 2061 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2061 - 2062 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2062 - 2063 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2063 - 2064 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000

2064 - 2065 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2065 - 2066 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2066 - 2067 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000

2067 - 2068 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 55,000 31,000 422,000

2068 - 2069 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000

2069 - 2070 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000

17/18-69/70 Avg 21,000 17,700 3,900 19,000 13,200 15,500 11,500 600 2,100 1,300 1,100 6,100 49,500 24,100 70,200 75,300 9,100 600 3,700 30,000 54,000 32,000 462,000

Release of 

Water

from 

Compression

of Aquitards

Sub-

surface

Inflow

Imported Water Deliveries Municipal Pumping

Return

Flow

Recycled Water

Recharge

in Basins

Return

Flow

Projected Future Tule Subbasin Groundwater Budget

Water Year

Before

Trenton

Weir 

Infiltration

White

River 

Infiltration

Total In

Agricultural

Pumping

Return Flow

Return

Flow

Areal

Recharge

from

Precipitation

Canal

Loss

Recharge

in Basins

Return

Flow

Recharge

in Basins

Tule River Infiltration Deer Creek Infiltration

Success to

Oettle Bridge

Infiltration

Oettle Bridge to 

Turnbull Weir

Infiltration

Canal

Loss

Trenton Weir

to Homeland

Canal 

Infiltration

Canal

Loss

Groundwater Inflows (acre-ft)

Mountain-

Block 

Recharge

1 of 2 January 2020



Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Table 9

W X Y Z AA

2017 - 2018 21,700 549,000 22,920 2,200 83,000 679,000 -142,000

2018 - 2019 23,400 548,000 22,920 2,200 82,000 679,000 -140,000

2019 - 2020 25,000 529,000 22,920 2,200 83,000 662,000 -122,000

2020 - 2021 25,400 526,000 22,920 2,200 83,000 660,000 -119,000

2021 - 2022 25,700 524,000 22,920 2,200 84,000 659,000 -120,000

2022 - 2023 26,100 523,000 22,920 2,200 85,000 659,000 -120,000

2023 - 2024 26,500 522,000 22,920 2,200 85,000 659,000 -116,000

2024 - 2025 26,900 494,000 22,920 2,200 86,000 632,000 -102,000

2025 - 2026 27,400 487,000 20,010 2,200 90,000 627,000 -103,000

2026 - 2027 27,800 481,000 20,010 2,200 92,000 623,000 -103,000

2027 - 2028 28,200 474,000 20,010 2,200 94,000 618,000 -102,000

2028 - 2029 28,700 468,000 20,010 2,200 96,000 615,000 -101,000

2029 - 2030 29,200 412,000 20,010 2,200 94,000 557,000 -62,000

2030 - 2031 29,600 413,000 17,100 2,200 95,000 557,000 -65,000

2031 - 2032 30,100 410,000 17,100 2,200 94,000 553,000 -61,000

2032 - 2033 30,600 407,000 17,100 2,200 93,000 550,000 -60,000

2033 - 2034 31,100 405,000 17,100 2,200 92,000 547,000 -58,000

2034 - 2035 31,700 345,000 17,100 2,200 93,000 489,000 -21,000

2035 - 2036 32,200 344,000 14,190 2,200 93,000 486,000 -21,000

2036 - 2037 32,800 344,000 14,190 2,200 91,000 484,000 -21,000

2037 - 2038 33,300 344,000 14,190 2,200 89,000 483,000 -20,000

2038 - 2039 33,900 344,000 14,190 2,200 88,000 482,000 -17,000

2039 - 2040 34,500 303,000 11,280 2,200 90,000 441,000 3,000

2040 - 2041 34,500 302,000 11,280 2,200 90,000 440,000 2,000

2041 - 2042 34,500 302,000 11,280 2,200 90,000 440,000 2,000

2042 - 2043 34,500 302,000 11,280 2,200 90,000 440,000 1,000

2043 - 2044 34,500 302,000 11,280 2,200 90,000 440,000 1,000

2044 - 2045 34,500 302,000 11,280 2,200 90,000 440,000 0

2045 - 2046 34,500 302,000 11,280 2,200 89,000 439,000 1,000

2046 - 2047 34,500 302,000 11,280 2,200 89,000 439,000 1,000

2047 - 2048 34,500 302,000 11,280 2,200 89,000 439,000 0

2048 - 2049 34,500 302,000 11,280 2,200 89,000 439,000 0

2049 - 2050 34,500 302,000 11,280 2,200 88,000 438,000 1,000

2050 - 2051 34,500 297,000 11,280 2,200 88,000 433,000 -10,000

2051 - 2052 34,500 297,000 11,280 2,200 88,000 433,000 -9,000

2052 - 2053 34,500 297,000 11,280 2,200 87,000 432,000 -8,000

2053 - 2054 34,500 297,000 11,280 2,200 87,000 432,000 -9,000

2054 - 2055 34,500 297,000 11,280 2,200 87,000 432,000 -9,000

2055 - 2056 34,500 297,000 11,280 2,200 87,000 432,000 -8,000

2056 - 2057 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2057 - 2058 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2058 - 2059 34,500 297,000 11,280 2,200 86,000 431,000 -9,000

2059 - 2060 34,500 297,000 11,280 2,200 86,000 431,000 -8,000

2060 - 2061 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2061 - 2062 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2062 - 2063 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2063 - 2064 34,500 297,000 11,280 2,200 85,000 430,000 -8,000

2064 - 2065 34,500 297,000 11,280 2,200 85,000 430,000 -9,000

2065 - 2066 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2066 - 2067 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2067 - 2068 34,500 297,000 11,280 2,200 84,000 429,000 -7,000

2068 - 2069 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

2069 - 2070 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

17/18-69/70 Avg 32,000 361,000 14,600 2,200 88,000 498,000 -36,000

Projected Future Tule Subbasin Groundwater Budget

Change in 

Storage

(acre-ft)

Water Year

Sub-

surface 

Outflow

Total Out
Municipal

Groundwater Pumping

Groundwater 

Banking 

Extraction

Groundwater Outflows (acre-ft)

Irrigated

Agriculture
Exports
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Table 10

A B C D E F G H I J

K

Success to

Oettle Bridge

Oettle Bridge to 

Turnbull Weir

Before Trenton 

Weir Infiltration

Trenton Weir to 

Homeland Canal 

Infiltration

2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 51,000 32,000 90,000 127,700

2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700

2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700

2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 88,000 131,700

40/41-49/50 Avg 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 89,000 129,700

Projected Future Tule Subbasin Sustainable Yield

Groundwater Outflow

(acre-ft)

Sub-surface Outflow
Irrigated

Agriculture
Municipal

Sustainable Yield

Groundwater Inflows (acre-ft)

Areal

Recharge

from

Precipitation

White

River

Sub-

surface

Inflow

Mountain-

Block 

Recharge

Tule River

Streambed Infiltration

Water Year
Deer Creek

Return Flow

1 of 1 January 2020
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community
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Figure 12

Note:

ft bgs = feet below ground surface.
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Notes:

Change factors from DWR SGMA Data Viewer, Climate Change Datasets.

2030 climate dataset used for 2017/18 through 2049/50 and 2070 climate dataset used for 2050/51 through 2069/70.
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Notes:
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Notes:

Historical average annual based on 1990/91 through 2009/10

Does not include future projects including transfers.

Include Class 1, Class 2/Other, 16B, and SKRRP Recapture (Class 1 and Class 2/Other)

KTWD projections provided by KTWD. KTWD deliveries within the Tule Subbasin only.
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Flow
Applied

Cons. 

Use

Return 

Flow

1986 - 1987 1,018,097 778,340 239,757 33,127 24,656 8,471 0 0 0 890 736 153 246,037 187,944 58,093 738,044 565,004 173,040

1987 - 1988 1,027,472 785,581 241,891 19,304 13,820 5,483 0 0 0 1,086 899 187 221,803 172,730 49,073 785,280 598,132 187,148

1988 - 1989 1,011,102 776,018 235,084 23,722 17,645 6,077 0 0 0 1,151 953 199 243,085 189,687 53,398 743,144 567,733 175,411

1989 - 1990 1,044,445 800,661 243,784 11,540 8,848 2,693 0 0 0 1,212 1,003 209 176,821 139,541 37,280 854,872 651,270 203,602

1990 - 1991 1,064,120 815,799 248,321 22,633 16,751 5,883 0 0 0 1,255 1,039 217 221,141 173,947 47,194 819,090 624,062 195,028

1991 - 1992 1,059,346 811,169 248,177 14,304 10,779 3,525 0 0 0 1,278 1,058 220 207,636 162,524 45,111 836,129 636,809 199,320

1992 - 1993 1,045,823 794,391 251,432 51,680 34,854 16,826 0 0 0 1,301 1,076 224 469,840 353,131 116,709 523,002 405,329 117,673

1993 - 1994 1,062,526 809,579 252,948 29,745 21,058 8,687 0 0 0 1,340 1,109 231 220,434 168,326 52,109 811,007 619,086 191,921

1994 - 1995 1,080,491 819,827 260,664 106,204 71,560 34,645 3,913 2,916 997 1,318 1,090 227 377,649 287,784 89,865 591,406 456,476 134,931

1995 - 1996 1,099,824 822,408 277,416 94,398 62,565 31,833 4,821 3,593 1,228 1,333 1,103 230 455,430 335,329 120,102 543,842 419,818 124,024

1996 - 1997 1,117,097 826,763 290,334 88,519 57,140 31,379 2,705 2,015 689 1,443 1,194 249 427,903 307,345 120,558 596,528 459,069 137,458

1997 - 1998 1,092,540 829,188 263,352 139,075 97,986 41,089 12,216 9,103 3,113 1,328 1,099 229 275,664 208,571 67,092 664,258 512,429 151,829

1998 - 1999 1,086,161 829,735 256,426 51,812 37,735 14,078 1,312 978 334 1,317 1,090 227 379,051 287,867 91,184 652,669 502,066 150,603

1999 - 2000 1,130,153 858,817 271,337 54,404 39,179 15,225 1,242 926 317 1,423 1,178 245 388,176 292,903 95,273 684,908 524,632 160,276

2000 - 2001 1,058,511 809,159 249,351 29,751 21,906 7,845 0 0 0 1,436 1,189 248 270,555 207,885 62,670 756,768 578,180 178,588

2001 - 2002 1,066,679 813,196 253,483 31,648 22,620 9,028 0 0 0 1,662 1,376 287 281,296 215,391 65,906 752,072 573,810 178,263

2002 - 2003 1,019,118 811,407 207,711 48,979 37,469 11,510 853 661 192 1,602 1,368 234 322,881 256,081 66,800 644,803 515,828 128,975

2003 - 2004 990,274 786,798 203,476 24,403 18,219 6,184 0 0 0 1,733 1,484 248 280,633 221,818 58,815 683,505 545,277 138,228

2004 - 2005 987,899 782,896 205,003 59,084 43,818 15,267 3,160 2,456 704 3,833 3,283 549 410,818 320,240 90,578 511,004 413,098 97,905

2005 - 2006 1,012,782 790,782 222,000 88,078 58,788 29,290 1,703 1,324 379 4,662 3,994 668 395,790 305,223 90,567 522,550 421,453 101,097

2006 - 2007 979,863 779,218 200,645 19,000 14,161 4,839 0 0 0 5,172 4,431 741 184,617 145,921 38,696 771,073 614,705 156,369

2007 - 2008 954,599 764,231 190,368 32,077 24,291 7,786 0 0 0 5,257 4,504 753 251,105 204,677 46,428 666,160 530,759 135,401

2008 - 2009 1,015,720 808,551 207,169 29,902 22,297 7,605 0 0 0 4,905 4,202 703 288,687 231,658 57,029 692,227 550,394 141,832

2009 - 2010 935,584 738,010 197,575 64,651 45,449 19,202 0 0 0 4,522 3,874 648 354,234 276,026 78,208 512,178 412,661 99,517

2010 - 2011 1,050,655 820,262 230,394 95,593 65,342 30,251 6,074 4,721 1,353 4,444 3,807 637 377,299 292,285 85,014 567,247 455,448 111,799

2011 - 2012 1,060,462 839,253 221,209 45,741 33,806 11,934 0 0 0 4,761 4,079 682 231,285 183,556 47,729 778,675 617,739 160,937

2012 - 2013 1,044,061 826,740 217,321 13,733 10,283 3,450 0 0 0 4,917 4,212 704 183,590 147,772 35,818 841,821 664,446 177,375

2013 - 2014 1,028,437 818,430 210,007 3,460 2,436 1,024 0 0 0 4,413 3,780 632 69,509 55,728 13,780 951,056 756,356 194,699

2014 - 2015 987,336 789,506 197,829 3,369 2,284 1,085 0 0 0 3,199 2,741 458 39,068 33,197 5,871 941,700 751,351 190,349

2015 - 2016 897,018 719,836 177,183 25,320 19,389 5,932 0 0 0 3,122 2,675 447 203,620 168,051 35,568 664,956 529,993 134,964

2016 - 2017 1,021,271 782,591 238,681 108,479 67,103 41,376 6,206 4,823 1,382 3,258 2,791 467 432,856 330,160 102,696 470,473 379,639 90,834
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Tule River Imported WaterDeer Creek Recycled Water Groundwater Production

Historical Agricultural Water Demand

Water Year

Total

Applied

Water

Total

Cons.

Use

Total

Return

Flow

1986 - 1987 291,005 238,223 52,783 14,521 11,278 3,243 N/A N/A N/A 890 736 153 68,741 55,325 13,416 206,853 170,882 35,971

1987 - 1988 294,550 238,223 56,328 14,307 10,228 4,079 N/A N/A N/A 1,086 899 187 72,397 57,406 14,991 206,760 169,690 37,071

1988 - 1989 291,431 238,223 53,208 8,212 6,494 1,718 N/A N/A N/A 1,151 953 199 76,310 62,038 14,272 205,757 168,738 37,019

1989 - 1990 291,559 238,223 53,336 7,357 5,840 1,517 N/A N/A N/A 1,212 1,003 209 68,409 55,915 12,494 214,581 175,465 39,116

1990 - 1991 291,678 238,223 53,455 6,989 5,503 1,486 N/A N/A N/A 1,255 1,039 217 65,293 52,784 12,509 218,140 178,897 39,243

1991 - 1992 291,452 238,223 53,230 7,512 5,895 1,617 N/A N/A N/A 1,278 1,058 220 75,955 61,625 14,330 206,707 169,644 37,062

1992 - 1993 297,965 238,223 59,742 24,889 15,959 8,930 N/A N/A N/A 1,301 1,076 224 91,076 71,113 19,963 180,699 150,074 30,625

1993 - 1994 295,122 238,288 56,834 12,896 8,944 3,952 N/A N/A N/A 1,340 1,109 231 74,480 58,768 15,712 206,406 169,468 36,938

1994 - 1995 301,654 238,295 63,359 38,482 23,088 15,394 N/A N/A N/A 1,318 1,090 227 81,361 63,793 17,568 180,493 150,324 30,170

1995 - 1996 310,673 240,306 70,367 38,647 22,589 16,058 N/A N/A N/A 1,333 1,103 230 107,757 80,692 27,065 162,936 135,922 27,014

1996 - 1997 307,526 240,104 67,421 36,193 21,519 14,674 N/A N/A N/A 1,443 1,194 249 97,479 74,189 23,290 172,411 143,203 29,208

1997 - 1998 299,742 240,104 59,638 35,602 23,590 12,012 N/A N/A N/A 1,328 1,099 229 68,203 53,764 14,439 194,609 161,652 32,958

1998 - 1999 295,674 240,104 55,570 14,510 10,914 3,596 N/A N/A N/A 1,317 1,090 227 94,481 74,773 19,708 185,366 153,327 32,039

1999 - 2000 297,531 240,104 57,427 11,707 8,480 3,227 N/A N/A N/A 1,423 1,178 245 98,146 76,665 21,481 186,255 153,782 32,473

2000 - 2001 295,065 240,104 54,960 9,431 7,296 2,135 N/A N/A N/A 1,436 1,189 248 83,888 67,147 16,741 200,309 164,472 35,837

2001 - 2002 297,510 240,104 57,406 12,901 9,141 3,760 N/A N/A N/A 1,662 1,376 287 81,469 64,126 17,343 201,478 165,462 36,016

2002 - 2003 287,896 240,104 47,791 8,728 6,937 1,791 N/A N/A N/A 1,602 1,368 234 87,129 71,358 15,771 190,437 160,442 29,994

2003 - 2004 285,462 238,183 47,280 8,496 6,101 2,395 N/A N/A N/A 1,733 1,484 248 84,706 70,150 14,557 190,527 160,448 30,079

2004 - 2005 287,591 238,096 49,496 19,761 13,861 5,900 N/A N/A N/A 3,833 3,283 549 91,566 74,679 16,887 172,432 146,272 26,160

2005 - 2006 299,473 238,096 61,377 34,315 18,864 15,451 N/A N/A N/A 4,662 3,994 668 101,063 80,013 21,050 159,432 135,225 24,208

2006 - 2007 285,360 238,096 47,265 5,612 3,962 1,650 N/A N/A N/A 5,172 4,431 741 67,474 55,917 11,557 207,102 173,786 33,317

2007 - 2008 285,203 238,096 47,107 8,094 6,021 2,073 N/A N/A N/A 5,257 4,504 753 79,846 66,040 13,806 192,006 161,531 30,475

2008 - 2009 286,397 238,096 48,301 9,449 6,716 2,733 N/A N/A N/A 4,905 4,202 703 90,672 74,176 16,496 181,371 153,002 28,369

2009 - 2010 291,167 238,096 53,072 27,070 18,075 8,995 N/A N/A N/A 4,522 3,874 648 94,636 76,085 18,551 164,940 140,063 24,877

2010 - 2011 283,939 226,060 57,879 33,500 18,781 14,719 N/A N/A N/A 4,444 3,807 637 92,011 73,468 18,543 153,984 130,587 23,397

2011 - 2012 273,439 227,565 45,874 6,504 4,685 1,819 N/A N/A N/A 4,761 4,079 682 67,253 55,676 11,577 194,921 163,375 31,547

2012 - 2013 271,820 226,748 45,072 3,769 2,693 1,076 N/A N/A N/A 4,917 4,212 704 64,337 53,438 10,899 198,797 166,501 32,296

2013 - 2014 270,163 225,475 44,688 3,460 2,436 1,024 N/A N/A N/A 4,413 3,780 632 29,308 24,235 5,073 232,982 195,089 37,893

2014 - 2015 268,488 224,823 43,665 3,369 2,284 1,085 N/A N/A N/A 3,199 2,741 458 19,327 16,691 2,636 242,593 203,174 39,420

2015 - 2016 268,848 225,116 43,733 7,646 5,925 1,721 N/A N/A N/A 3,122 2,675 447 64,109 53,549 10,560 193,971 163,239 30,732

2016 - 2017 304,194 225,606 78,588 47,593 20,721 26,872 N/A N/A N/A 3,258 2,791 467 109,774 80,486 29,288 143,569 122,208 21,361

Eastern Tule GSA

2 of 7 January 2020



Tule Subbasin Technical Advisory Committee

Groundwater Flow Model of the Tule Subbasin
Appendix A

Applied
Cons.

Use

Return 

Flow
Applied

Cons.

Use

Return 

Flow
Applied

Cons.

Use

Return 

Flow
Applied

Cons. 

Use

Return 

Flow
Applied

Cons. 

Use

Return 

Flow

Tule River Imported WaterDeer Creek Recycled Water Groundwater Production

Historical Agricultural Water Demand

Water Year

Total

Applied

Water

Total

Cons.

Use

Total

Return

Flow

1986 - 1987 293,688 211,275 82,412 18,606 13,378 5,228 N/A N/A N/A N/A N/A N/A 45,292 32,565 12,727 229,790 165,333 64,457

1987 - 1988 303,758 218,516 85,242 4,997 3,593 1,404 N/A N/A N/A N/A N/A N/A 32,000 23,008 8,992 266,761 191,915 74,846

1988 - 1989 290,458 208,953 81,505 15,510 11,152 4,358 N/A N/A N/A N/A N/A N/A 45,116 32,438 12,678 229,832 165,364 64,469

1989 - 1990 303,361 218,230 85,131 4,183 3,008 1,176 N/A N/A N/A N/A N/A N/A 16,882 12,138 4,744 282,295 203,084 79,211

1990 - 1991 322,208 231,781 90,427 15,644 11,248 4,396 N/A N/A N/A N/A N/A N/A 47,120 33,879 13,241 259,444 186,654 72,790

1991 - 1992 325,848 234,398 91,450 6,792 4,883 1,908 N/A N/A N/A N/A N/A N/A 35,891 25,806 10,086 283,165 203,709 79,455

1992 - 1993 308,296 218,931 89,365 26,791 18,895 7,896 N/A N/A N/A N/A N/A N/A 180,980 127,643 53,337 100,525 72,392 28,133

1993 - 1994 313,293 225,371 87,922 16,849 12,114 4,735 N/A N/A N/A N/A N/A N/A 43,999 31,635 12,364 252,445 181,622 70,823

1994 - 1995 323,341 231,983 91,358 67,722 48,472 19,250 N/A N/A N/A N/A N/A N/A 120,864 86,508 34,356 134,755 97,004 37,752

1995 - 1996 300,478 215,761 84,718 55,751 39,977 15,774 N/A N/A N/A N/A N/A N/A 133,347 95,617 37,730 111,381 80,167 31,213

1996 - 1997 307,680 214,148 93,532 52,326 35,621 16,705 N/A N/A N/A N/A N/A N/A 134,710 91,703 43,007 120,644 86,825 33,820

1997 - 1998 294,068 211,515 82,553 103,473 74,396 29,076 N/A N/A N/A N/A N/A N/A 51,185 36,802 14,383 139,410 100,317 39,093

1998 - 1999 291,448 209,632 81,817 37,302 26,820 10,482 N/A N/A N/A N/A N/A N/A 122,489 88,069 34,420 131,657 94,743 36,914

1999 - 2000 322,165 231,717 90,448 42,697 30,699 11,998 N/A N/A N/A N/A N/A N/A 117,256 84,306 32,950 162,212 116,711 45,500

2000 - 2001 276,273 198,721 77,552 20,320 14,610 5,710 N/A N/A N/A N/A N/A N/A 55,432 39,855 15,577 200,521 144,256 56,266

2001 - 2002 287,661 206,908 80,752 18,747 13,479 5,268 N/A N/A N/A N/A N/A N/A 57,673 41,467 16,206 211,241 151,963 59,278

2002 - 2003 272,579 206,819 65,760 40,251 30,532 9,718 N/A N/A N/A N/A N/A N/A 85,429 64,803 20,627 146,899 111,484 35,415

2003 - 2004 276,611 210,749 65,862 15,907 12,118 3,789 N/A N/A N/A N/A N/A N/A 54,868 41,798 13,070 205,836 156,833 49,003

2004 - 2005 276,208 210,440 65,768 39,323 29,956 9,367 N/A N/A N/A N/A N/A N/A 138,498 105,507 32,991 98,387 74,977 23,410

2005 - 2006 263,486 197,520 65,966 53,763 39,925 13,838 N/A N/A N/A N/A N/A N/A 114,482 85,015 29,467 95,241 72,580 22,661

2006 - 2007 267,230 203,600 63,630 13,388 10,199 3,189 N/A N/A N/A N/A N/A N/A 20,443 15,573 4,870 233,399 177,828 55,571

2007 - 2008 261,534 199,261 62,273 23,983 18,270 5,713 N/A N/A N/A N/A N/A N/A 53,024 40,393 12,631 184,527 140,598 43,929

2008 - 2009 295,571 225,190 70,381 20,453 15,581 4,872 N/A N/A N/A N/A N/A N/A 73,446 55,951 17,495 201,672 153,659 48,013

2009 - 2010 236,426 174,762 61,664 37,581 27,374 10,207 N/A N/A N/A N/A N/A N/A 123,325 89,831 33,494 75,520 57,557 17,963

2010 - 2011 302,825 228,543 74,282 62,093 46,561 15,532 N/A N/A N/A N/A N/A N/A 121,727 91,278 30,449 119,005 90,703 28,302

2011 - 2012 312,980 236,874 76,106 39,237 29,121 10,115 N/A N/A N/A N/A N/A N/A 42,291 31,389 10,903 231,452 176,364 55,088

2012 - 2013 294,561 224,440 70,121 9,964 7,590 2,373 N/A N/A N/A N/A N/A N/A 25,716 19,590 6,126 258,881 197,260 61,621

2013 - 2014 283,682 216,153 67,529 0 0 0 N/A N/A N/A N/A N/A N/A 0 0 0 283,682 216,153 67,529

2014 - 2015 246,677 187,963 58,714 0 0 0 N/A N/A N/A N/A N/A N/A 0 0 0 246,677 187,963 58,714

2015 - 2016 219,092 166,949 52,143 17,674 13,464 4,210 N/A N/A N/A N/A N/A N/A 46,013 35,052 10,961 155,405 118,433 36,973

2016 - 2017 272,226 206,838 65,388 60,886 46,382 14,503 N/A N/A N/A N/A N/A N/A 126,021 95,606 30,415 85,319 65,041 20,278

Lower Tule River Irrigation District GSA
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1986 - 1987 153,767 114,587 39,180 N/A N/A N/A 0 0 0 N/A N/A N/A 1,151 858 293 152,616 113,729 38,887

1987 - 1988 153,767 114,587 39,180 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 153,767 114,587 39,180

1988 - 1989 153,767 114,587 39,180 N/A N/A N/A 0 0 0 N/A N/A N/A 3,627 2,702 924 150,141 111,884 38,256

1989 - 1990 174,387 129,953 44,434 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 174,387 129,953 44,434

1990 - 1991 176,516 131,539 44,977 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 176,516 131,539 44,977

1991 - 1992 166,792 124,293 42,499 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 166,792 124,293 42,499

1992 - 1993 165,032 122,982 42,051 N/A N/A N/A 0 0 0 N/A N/A N/A 53,530 39,890 13,639 111,503 83,091 28,411

1993 - 1994 177,163 132,021 45,141 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 177,163 132,021 45,141

1994 - 1995 182,108 135,706 46,401 N/A N/A N/A 3,913 2,916 997 N/A N/A N/A 29,783 22,194 7,589 148,411 110,596 37,816

1995 - 1996 163,604 121,918 41,687 N/A N/A N/A 4,821 3,593 1,228 N/A N/A N/A 38,375 28,597 9,778 120,408 89,728 30,680

1996 - 1997 168,324 125,435 42,889 N/A N/A N/A 2,705 2,015 689 N/A N/A N/A 22,254 16,584 5,670 143,365 106,835 36,530

1997 - 1998 175,112 130,493 44,619 N/A N/A N/A 12,216 9,103 3,113 N/A N/A N/A 24,467 18,233 6,234 138,430 103,157 35,272

1998 - 1999 178,373 132,923 45,450 N/A N/A N/A 1,312 978 334 N/A N/A N/A 21,160 15,769 5,392 155,900 116,176 39,724

1999 - 2000 187,825 139,967 47,858 N/A N/A N/A 1,242 926 317 N/A N/A N/A 26,366 19,648 6,718 160,217 119,394 40,824

2000 - 2001 165,472 123,309 42,163 N/A N/A N/A 0 0 0 N/A N/A N/A 6,410 4,777 1,633 159,062 118,532 40,529

2001 - 2002 159,902 119,159 40,743 N/A N/A N/A 0 0 0 N/A N/A N/A 9,550 7,117 2,433 150,352 112,042 38,310

2002 - 2003 151,591 117,459 34,132 N/A N/A N/A 853 661 192 N/A N/A N/A 19,578 15,170 4,408 131,160 101,628 29,532

2003 - 2004 143,885 111,838 32,047 N/A N/A N/A 0 0 0 N/A N/A N/A 6,828 5,307 1,521 137,057 106,531 30,526

2004 - 2005 143,267 111,358 31,909 N/A N/A N/A 3,160 2,456 704 N/A N/A N/A 35,846 27,862 7,984 104,261 81,039 23,222

2005 - 2006 170,036 132,164 37,871 N/A N/A N/A 1,703 1,324 379 N/A N/A N/A 36,731 28,550 8,181 131,602 102,291 29,311

2006 - 2007 147,335 114,519 32,815 N/A N/A N/A 0 0 0 N/A N/A N/A 4,449 3,458 991 142,886 111,061 31,824

2007 - 2008 133,635 103,871 29,764 N/A N/A N/A 0 0 0 N/A N/A N/A 7,434 5,778 1,656 126,201 98,093 28,108

2008 - 2009 157,297 122,263 35,034 N/A N/A N/A 0 0 0 N/A N/A N/A 14,865 11,554 3,311 142,432 110,709 31,723

2009 - 2010 131,420 102,149 29,271 N/A N/A N/A 0 0 0 N/A N/A N/A 16,593 12,897 3,696 114,827 89,252 25,575

2010 - 2011 169,047 131,396 37,651 N/A N/A N/A 6,074 4,721 1,353 N/A N/A N/A 31,321 24,345 6,976 131,652 102,330 29,322

2011 - 2012 181,603 141,156 40,448 N/A N/A N/A 0 0 0 N/A N/A N/A 2,291 1,781 510 179,312 139,375 39,937

2012 - 2013 182,553 141,894 40,659 N/A N/A N/A 0 0 0 N/A N/A N/A 3,251 2,527 724 179,302 139,367 39,935

2013 - 2014 184,161 143,144 41,017 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 184,161 143,144 41,017

2014 - 2015 184,057 143,063 40,994 N/A N/A N/A 0 0 0 N/A N/A N/A 0 0 0 184,057 143,063 40,994

2015 - 2016 121,082 94,114 26,968 N/A N/A N/A 0 0 0 N/A N/A N/A 2,164 1,682 482 118,918 92,432 26,486

2016 - 2017 149,868 116,489 33,379 N/A N/A N/A 6,206 4,823 1,382 N/A N/A N/A 51,171 39,774 11,397 92,492 71,891 20,600

Pixley Irrigation District GSA
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1986 - 1987 165,921 128,557 37,363 N/A N/A N/A N/A N/A N/A N/A N/A N/A 114,782 87,645 27,138 51,138 40,912 10,226

1987 - 1988 162,123 128,557 33,566 N/A N/A N/A N/A N/A N/A N/A N/A N/A 110,345 87,125 23,221 51,778 41,432 10,345

1988 - 1989 162,104 128,557 33,547 N/A N/A N/A N/A N/A N/A N/A N/A N/A 105,980 83,591 22,390 56,124 44,966 11,157

1989 - 1990 161,755 128,557 33,198 N/A N/A N/A N/A N/A N/A N/A N/A N/A 83,837 65,868 17,969 77,918 62,689 15,229

1990 - 1991 160,014 128,557 31,457 N/A N/A N/A N/A N/A N/A N/A N/A N/A 106,877 86,019 20,858 53,137 42,538 10,599

1991 - 1992 162,084 128,557 33,527 N/A N/A N/A N/A N/A N/A N/A N/A N/A 92,567 72,699 19,868 69,517 55,858 13,659

1992 - 1993 160,750 128,557 32,193 N/A N/A N/A N/A N/A N/A N/A N/A N/A 127,775 102,414 25,360 32,976 26,143 6,833

1993 - 1994 163,728 128,160 35,568 N/A N/A N/A N/A N/A N/A N/A N/A N/A 91,696 70,257 21,439 72,032 57,903 14,129

1994 - 1995 159,899 128,101 31,798 N/A N/A N/A N/A N/A N/A N/A N/A N/A 119,936 96,276 23,659 39,963 31,825 8,138

1995 - 1996 177,394 132,583 44,811 N/A N/A N/A N/A N/A N/A N/A N/A N/A 142,817 105,755 37,061 34,577 26,827 7,749

1996 - 1997 182,282 132,512 49,770 N/A N/A N/A N/A N/A N/A N/A N/A N/A 148,693 106,548 42,145 33,589 25,964 7,625

1997 - 1998 172,420 132,512 39,907 N/A N/A N/A N/A N/A N/A N/A N/A N/A 116,888 88,704 28,184 55,532 43,808 11,724

1998 - 1999 169,495 132,512 36,983 N/A N/A N/A N/A N/A N/A N/A N/A N/A 121,365 94,723 26,642 48,130 37,789 10,341

1999 - 2000 171,523 132,512 39,011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 129,847 99,972 29,875 41,676 32,541 9,135

2000 - 2001 170,597 132,512 38,085 N/A N/A N/A N/A N/A N/A N/A N/A N/A 117,178 90,422 26,756 53,419 42,090 11,329

2001 - 2002 170,441 132,512 37,929 N/A N/A N/A N/A N/A N/A N/A N/A N/A 126,740 98,325 28,415 43,702 34,188 9,514

2002 - 2003 163,870 132,512 31,357 N/A N/A N/A N/A N/A N/A N/A N/A N/A 121,277 97,456 23,820 42,593 35,056 7,537

2003 - 2004 162,319 128,366 33,953 N/A N/A N/A N/A N/A N/A N/A N/A N/A 127,364 99,687 27,677 34,955 28,679 6,276

2004 - 2005 158,692 128,185 30,506 N/A N/A N/A N/A N/A N/A N/A N/A N/A 119,767 96,113 23,654 38,925 32,072 6,852

2005 - 2006 158,146 128,185 29,961 N/A N/A N/A N/A N/A N/A N/A N/A N/A 119,850 96,651 23,200 38,296 31,535 6,761

2006 - 2007 156,416 128,185 28,231 N/A N/A N/A N/A N/A N/A N/A N/A N/A 78,970 63,155 15,815 77,446 65,030 12,416

2007 - 2008 152,562 128,185 24,376 N/A N/A N/A N/A N/A N/A N/A N/A N/A 106,470 89,981 16,489 46,092 38,205 7,887

2008 - 2009 155,593 128,185 27,408 N/A N/A N/A N/A N/A N/A N/A N/A N/A 109,078 89,619 19,459 46,515 38,567 7,948

2009 - 2010 155,866 128,185 27,681 N/A N/A N/A N/A N/A N/A N/A N/A N/A 112,888 92,645 20,243 42,978 35,540 7,438

2010 - 2011 153,971 124,818 29,153 N/A N/A N/A N/A N/A N/A N/A N/A N/A 118,032 95,977 22,055 35,939 29,599 6,341

2011 - 2012 152,311 124,812 27,499 N/A N/A N/A N/A N/A N/A N/A N/A N/A 113,031 92,032 20,998 39,281 32,458 6,823

2012 - 2013 151,444 124,812 26,632 N/A N/A N/A N/A N/A N/A N/A N/A N/A 87,302 70,960 16,342 64,143 53,729 10,414

2013 - 2014 148,827 124,812 24,015 N/A N/A N/A N/A N/A N/A N/A N/A N/A 38,106 31,039 7,067 110,722 93,580 17,142

2014 - 2015 147,227 124,812 22,414 N/A N/A N/A N/A N/A N/A N/A N/A N/A 18,591 15,905 2,685 128,636 108,907 19,729

2015 - 2016 147,227 124,812 22,414 N/A N/A N/A N/A N/A N/A N/A N/A N/A 90,160 77,138 13,023 57,066 47,675 9,392

2016 - 2017 155,082 124,812 30,270 N/A N/A N/A N/A N/A N/A N/A N/A N/A 121,326 98,215 23,111 33,756 27,731 6,025

Delano-Earlimart Irrigation District GSA
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1986 - 1987 56,858 42,849 14,009 N/A N/A N/A N/A N/A N/A N/A N/A N/A 8,035 5,776 2,260 48,823 37,074 11,750

1987 - 1988 56,637 42,849 13,788 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,530 2,596 935 53,107 40,254 12,853

1988 - 1989 56,671 42,849 13,822 N/A N/A N/A N/A N/A N/A N/A N/A N/A 6,026 4,459 1,567 50,645 38,390 12,255

1989 - 1990 56,692 42,849 13,843 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,847 2,810 1,037 52,845 40,039 12,806

1990 - 1991 56,852 42,849 14,003 N/A N/A N/A N/A N/A N/A N/A N/A N/A 925 632 293 55,926 42,217 13,710

1991 - 1992 56,585 42,849 13,736 N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,611 1,197 414 54,974 41,652 13,322

1992 - 1993 56,890 42,849 14,041 N/A N/A N/A N/A N/A N/A N/A N/A N/A 8,240 6,035 2,205 48,650 36,814 11,836

1993 - 1994 56,610 42,869 13,742 N/A N/A N/A N/A N/A N/A N/A N/A N/A 5,130 3,833 1,297 51,481 39,036 12,445

1994 - 1995 56,744 42,870 13,874 N/A N/A N/A N/A N/A N/A N/A N/A N/A 12,853 9,506 3,347 43,891 33,364 10,528

1995 - 1996 73,837 55,920 17,917 N/A N/A N/A N/A N/A N/A N/A N/A N/A 16,567 12,333 4,234 57,270 43,587 13,683

1996 - 1997 75,642 57,282 18,361 N/A N/A N/A N/A N/A N/A N/A N/A N/A 12,383 9,161 3,223 63,259 48,121 15,138

1997 - 1998 75,599 57,282 18,318 N/A N/A N/A N/A N/A N/A N/A N/A N/A 7,460 5,534 1,926 68,139 51,748 16,391

1998 - 1999 75,585 57,282 18,304 N/A N/A N/A N/A N/A N/A N/A N/A N/A 9,778 7,267 2,511 65,807 50,015 15,793

1999 - 2000 75,554 57,258 18,296 N/A N/A N/A N/A N/A N/A N/A N/A N/A 8,281 6,156 2,124 67,274 51,102 16,172

2000 - 2001 75,552 57,256 18,296 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,824 2,842 982 71,728 54,415 17,314

2001 - 2002 75,582 57,256 18,326 N/A N/A N/A N/A N/A N/A N/A N/A N/A 2,932 2,179 754 72,650 55,078 17,572

2002 - 2003 71,592 57,256 14,335 N/A N/A N/A N/A N/A N/A N/A N/A N/A 4,734 3,647 1,087 66,858 53,609 13,249

2003 - 2004 60,999 48,831 12,167 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,434 2,438 995 57,565 46,393 11,172

2004 - 2005 61,070 47,408 13,662 N/A N/A N/A N/A N/A N/A N/A N/A N/A 12,571 8,040 4,531 48,499 39,369 9,131

2005 - 2006 60,821 47,408 13,413 N/A N/A N/A N/A N/A N/A N/A N/A N/A 11,831 7,497 4,335 48,990 39,912 9,078

2006 - 2007 61,761 47,408 14,352 N/A N/A N/A N/A N/A N/A N/A N/A N/A 6,641 3,909 2,732 55,120 43,500 11,620

2007 - 2008 60,832 47,408 13,424 N/A N/A N/A N/A N/A N/A N/A N/A N/A 2,165 1,242 923 58,667 46,166 12,500

2008 - 2009 60,431 47,408 13,023 N/A N/A N/A N/A N/A N/A N/A N/A N/A 313 179 133 60,118 47,229 12,889

2009 - 2010 60,353 47,408 12,944 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,396 2,284 1,112 56,957 45,125 11,832

2010 - 2011 70,437 54,723 15,714 N/A N/A N/A N/A N/A N/A N/A N/A N/A 7,104 3,608 3,495 63,333 51,114 12,219

2011 - 2012 70,064 54,423 15,641 N/A N/A N/A N/A N/A N/A N/A N/A N/A 3,210 1,339 1,870 66,854 53,083 13,771

2012 - 2013 71,841 54,423 17,418 N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,492 628 864 70,349 53,795 16,555

2013 - 2014 70,802 54,423 16,379 N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,048 227 820 69,754 54,195 15,559

2014 - 2015 70,443 54,423 16,021 N/A N/A N/A N/A N/A N/A N/A N/A N/A 575 300 275 69,868 54,122 15,746

2015 - 2016 70,385 54,423 15,962 N/A N/A N/A N/A N/A N/A N/A N/A N/A 587 316 271 69,798 54,107 15,691

2016 - 2017 69,951 54,423 15,528 N/A N/A N/A N/A N/A N/A N/A N/A N/A 12,281 8,039 4,242 57,669 46,384 11,286

Tri-County Water Authority GSA
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Tule River Imported WaterDeer Creek Recycled Water Groundwater Production

Historical Agricultural Water Demand

Water Year

Total

Applied

Water

Total

Cons.

Use

Total

Return

Flow

1986 - 1987 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,145 859 286 34,624 25,974 8,650

1987 - 1988 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 35,769 26,833 8,936

1988 - 1989 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 35,769 26,833 8,936

1989 - 1990 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 35,769 26,833 8,936

1990 - 1991 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 35,769 26,833 8,936

1991 - 1992 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 35,769 26,833 8,936

1992 - 1993 35,769 26,833 8,936 N/A N/A N/A N/A N/A N/A N/A N/A N/A 13,821 10,368 3,453 21,948 16,465 5,483

1993 - 1994 35,779 26,841 8,939 N/A N/A N/A N/A N/A N/A N/A N/A N/A 4,115 3,087 1,028 31,664 23,754 7,910

1994 - 1995 35,780 26,841 8,939 N/A N/A N/A N/A N/A N/A N/A N/A N/A 9,723 7,294 2,429 26,057 19,547 6,510

1995 - 1996 33,699 25,280 8,419 N/A N/A N/A N/A N/A N/A N/A N/A N/A 12,381 9,288 3,093 21,318 15,992 5,326

1996 - 1997 33,482 25,118 8,365 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 33,482 25,118 8,365

1997 - 1998 33,482 25,118 8,365 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 33,482 25,118 8,365

1998 - 1999 33,482 25,118 8,365 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 33,482 25,118 8,365

1999 - 2000 33,472 25,110 8,362 N/A N/A N/A N/A N/A N/A N/A N/A N/A 91 68 23 33,381 25,042 8,339

2000 - 2001 33,471 25,109 8,362 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 33,471 25,109 8,362

2001 - 2002 33,471 25,109 8,362 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 33,471 25,109 8,362

2002 - 2003 32,637 25,109 7,528 N/A N/A N/A N/A N/A N/A N/A N/A N/A 98 75 23 32,540 25,034 7,506

2003 - 2004 30,217 23,308 6,909 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 30,217 23,308 6,909

2004 - 2005 30,556 23,017 7,539 N/A N/A N/A N/A N/A N/A N/A N/A N/A 13,660 9,985 3,675 16,896 13,032 3,863

2005 - 2006 31,475 23,017 8,458 N/A N/A N/A N/A N/A N/A N/A N/A N/A 15,189 10,454 4,734 16,287 12,563 3,724

2006 - 2007 29,840 23,017 6,823 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 29,840 23,017 6,823

2007 - 2008 29,840 23,017 6,823 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 29,840 23,017 6,823

2008 - 2009 29,840 23,017 6,823 N/A N/A N/A N/A N/A N/A N/A N/A N/A 2,009 1,550 459 27,831 21,467 6,364

2009 - 2010 29,840 23,017 6,823 N/A N/A N/A N/A N/A N/A N/A N/A N/A 2,518 1,943 576 27,322 21,075 6,247

2010 - 2011 20,679 15,175 5,504 N/A N/A N/A N/A N/A N/A N/A N/A N/A 10,324 7,188 3,137 10,355 7,987 2,368

2011 - 2012 18,791 14,321 4,470 N/A N/A N/A N/A N/A N/A N/A N/A N/A 889 513 377 17,902 13,808 4,093

2012 - 2013 18,566 14,321 4,245 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 18,566 14,321 4,245

2013 - 2014 18,566 14,321 4,245 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 18,566 14,321 4,245

2014 - 2015 18,566 14,321 4,245 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 18,566 14,321 4,245

2015 - 2016 18,566 14,321 4,245 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 18,566 14,321 4,245

2016 - 2017 18,566 14,321 4,245 N/A N/A N/A N/A N/A N/A N/A N/A N/A 2,232 1,721 510 16,335 12,600 3,735

Alpaugh GSA
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Note: Blue and purple dots indicate Hydraulic Conductivity
values derived from controlled pumping tests (see Table 3).
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Note: Blue and purple dots indicate Hydraulic Conductivity
values derived from controlled pumping tests (see Table 3).
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Note: Blue and purple dots indicate Hydraulic Conductivity
values derived from controlled pumping tests (see Table 3).
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 Thomas Harder & Co. 

1260 N. Hancock St., Suite 109 
Anaheim, California 92807 

 (714) 779-3875  

 

Technical 

Memorandum 
 

 

1 Introduction 

This technical memorandum (TM) summarizes an analysis of currently established minimum 

thresholds and measurable objectives as they relate to potential impacts to beneficial uses and users 

of groundwater in the Tule Subbasin in Tulare County, California (see Figure 1).  This TM was 

prepared to address comments from the California Department of Water Resources (CDWR) on 

groundwater sustainability plans (GSPs) prepared by each of the six Groundwater Sustainability 

Agencies (GSAs) within the Tule Subbasin.  Specifically, this TM addresses comments related to 

groundwater levels. 

1.1 Background 

The Tule Subbasin Coordination Agreement formerly identified the criteria for undesirable results 

related to groundwater levels as the following: “…the criteria for an undesirable result for the 

chronic lowering of groundwater levels is defined as the unreasonable lowering of the 

groundwater elevation below the minimum threshold for two consecutive years at greater than 

50% of GSA Management Area RMS Sites, which results in significant impacts to groundwater 

supply.” 

The previous version of the Coordination Agreement further stated that “…the avoidance of an 

undesirable result for the chronic lowering of groundwater levels is to protect unreasonable 

lowering of groundwater levels may effect groundwater users by causing well failures, additional 

operational costs for groundwater extraction from deeper pumping levels, and additional costs to 

lower pumps, deepen wells, or drill new wells.”  

  

To: Tule Subbasin Technical Advisory Committee 

 

From: Thomas Harder, P.G., C.HG. 

Thomas Harder & Co. 

Date: 13-Jul-22 

Re: Technical Support for Addressing Department of Water Resources Comments 

Regarding Groundwater Levels in the Tule Subbasin 
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In their review of the Tule Subbasin GSPs, each of which refer to the Coordination Agreement, 

the CDWR made the following general comments: 

The GSPs do not define undesirable results or set minimum thresholds and measurable objectives 

for groundwater levels in a manner consistent with the GSP Regulations.  

1.     The GSPs do not describe, with information specific to the Subbasin, the groundwater 

level conditions that are considered significant and unreasonable and would result in 

undesirable results. The GSPs do not explain or justify how the quantitative definition 

of undesirable results is consistent with avoiding effects the GSAs have identified as 

undesirable results.  

2.  The GSPs do not explain how minimum thresholds at the representative monitoring 

sites are consistent with the requirement to be based on a groundwater elevation 

indicating a depletion of supply at a given location. The GSPs do not demonstrate that 

the established sustainable management criteria are based on a commensurate level 

of understanding of the basin setting or whether the interests of beneficial uses and 

users have been considered. 

Based on the CDWR comments, the Tule Subbasin Coordination Agreement has been modified to 

reflect the analysis of potentially significant and unreasonable groundwater level conditions 

presented herein. 

1.2 Purpose and Scope 

The purpose of this TM is to provide the basis for determining significant and unreasonable 

groundwater level conditions in each of the six GSAs of the Tule Subbasin and to provide a basis 

for modifications to the Tule Subbasin Coordination Agreement and GSPs to address CDWR 

comments to the GSPs.  Potentially significant and unreasonable groundwater level conditions was 

evaluated through an analysis of the number of wells that could be impacted if groundwater levels 

were drawn down to the minimum thresholds (MTs) identified by each GSA.  The analysis of 

potentially impacted wells is based on readily available well data for the Tule Subbasin, as 

published in the CDWR driller’s log database.  As this database does not contain information on 

well failures, operational costs for pumping groundwater, or pump settings for wells, the analysis 

to correlate MTs to significant and unreasonable conditions focuses on the total depth of wells and 

the number of those wells that would be rendered inoperable if groundwater levels are drawn down 

to the MTs. 

1.3 Sources of Data 

The sources of data used for this analysis include the following: 
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• CDWR’s Online System for Well Completion Reports1 

• Geographic Information System (GIS) shapefiles of the subbasin and GSA boundaries and 

wells, 

• Minimum threshold groundwater level elevations for representative monitoring sites 

specific to both the Upper and Lower Aquifers in the Tule Subbasin,2 

• Groundwater levels for January 2015 from the calibrated groundwater flow model of the 

Tule Subbasin,3 

• Specific capacity data for wells in the Tule Subbasin.4 

1.4 Beneficial Uses of Groundwater Addressed 

As per Regional Water Quality Control Board – Central Valley Region Water Quality Control 

Plan for the Tulare Lake Basin,5 the beneficial uses of water in the basin include:  

• Agricultural Supply 

• Domestic Supply  

• Industrial Supply and 

• Municipal Supply 

  

 
1 CDWR, 2022.  https://data.ca.gov/dataset/well-completion-reports 
2 TH&Co, 2022.  Tule Subbasin 2020/21 Annual Report.  Prepared for the Tule Subbasin Technical Advisory 

Committee.  Dated March 2022. 
3 TH&Co, 2021. Update to the Groundwater Flow Model of the Tule Subbasin.  Technical Memorandum dated 

7/30/21. 
4 TH&Co, 2020.  Groundwater Flow Model of the Tule Subbasin.  Report prepared for the Tule Subbasin MOU Group.  

Dated January 2020. 
5 RWQCB, 2018.  Water Quality Control Plan for the Tulare Lake Basin, Section 2. 
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2 Analysis of Wells Potentially Impacted at the Minimum Thresholds in 

the Tule Subbasin GSPs 

The premise behind the analysis presented herein is that wells rendered inoperable due to lowering 

of groundwater levels is a significant and unreasonable condition.  While it is not possible to 

specifically identify, with accuracy, exactly how many wells in the Tule Subbasin would be 

impacted by lowering groundwater levels below the MTs, it is possible, using the CDWR database, 

to obtain an estimate of the number of wells that would be potentially impacted.  Further, the 

database has been used, to the extent possible, to assess the beneficial uses served by the impacted 

wells, whether agricultural irrigation, domestic supply, industrial supply, or municipal supply. 

The methodology to estimate the number of wells potentially impacted by lowering groundwater 

levels to the MTs included wells constructed in the Upper Aquifer, the Lower Aquifer, or both.   

While the reference MTs are different for each aquifer, the methodology to estimate potentially 

impacted wells was the same and included the following steps and assumptions: 

• The MTs for each aquifer, as designated at representative monitoring sites, were contoured 

via kriging in Geographic Information System (GIS) to develop a MT surface across the 

subbasin (see Figures 2 and 3).   

• Wells in the CDWR well database were sorted to include only those with total depth 

information. 

• Non-pumping wells or wells documented for uses other than agricultural, private domestic, 

industrial, or municipal, (e.g. contaminant remediation, injection, monitoring) were also 

removed from the wells to be used in the analysis. 

• The remaining wells were plotted on a map according to the location information in the 

CDWR database (see Figure 4).  For wells with only township, range and section 

information, the well was plotted in the middle of the section.  A total of 4,190 wells are 

shown on Figure 4. 

• As per the Sustainable Groundwater Management Act (SGMA)6 GSPs are not required to 

address undesirable results to wells associated with groundwater conditions prior to 

January 1, 2015.  Thus, wells that would have been impacted prior to this time were 

removed from the analysis.  To do this, a map was generated of the groundwater surface in 

January 2015 based on the calibrated groundwater flow model of the subbasin (see Figure 

5).7  The difference in groundwater level between January 2015 and the Upper Aquifer 

MTs across the Tule Subbasin is shown on Figure 6. 

Wells at which the total depth or bottom of perforations were above the MT or where the total 

depth/bottom of perforations were below the MT but could not support pumping with a static 

 
6 California Water Code Part 2.74, Ch. 6, Section 10727.2 (b) (4) 
7 TH&Co, 2021. Update to the Groundwater Flow Model of the Tule Subbasin. Technical Memorandum prepare for 

the Tule Subbasin Technical Advisory Committee.  Dated July 29, 2021. 
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groundwater level at the MT were considered “potentially impacted.”  Criteria for determining 

whether a well could support pumping when the static groundwater level was at the MT were the 

following: 

• The pumps in all wells were assumed to be installed, or capable of being installed, within 

10 feet of the bottom of the wells. 

• It was assumed that the pumping groundwater level would need to be at least 20 feet above 

the pump intake to avoid cavitation or entrained air.   

• Potential pumping drawdown was estimated based on specific capacity data from available 

wells and pumping rates reported on CDWR driller’s logs. 

• For each GSA, TH&Co used an average specific capacity from wells with specific 

capacity data in that GSA.  Pumping rates were applied as an average rate for wells in each 

mile square section. 

• The wells potentially impacted by lowering the groundwater level below the minimum 

thresholds, considering total well depth, adequate pump submergence, and drawdown, are 

summarized in Section 3. 
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3 Findings 

Within the Tule Subbasin as a whole, 4,190 wells were identified from the CDWR database as 

having total depth information (see Figure 4).  Of those wells, 1,692 were constructed completely 

within the Upper Aquifer and 2,498 wells were constructed either within the Lower Aquifer or as 

a composite well with perforations in both the Upper and Lower Aquifers. 

Of the 4,190 wells, 568 wells would have already been impacted by January 2015 groundwater 

levels and were removed from consideration (see Figure 7).  The remaining 3,622 wells were 

included in the analysis. 

Of the 3,622 wells in the analysis, 776 wells would be impacted if groundwater levels were lowered 

to the MTs using the evaluation criteria described in Section 2 herein (see Figure 8).  Some of 

these wells would be impacted before the MT groundwater levels were reached.  Wells included 

in the analysis were completed in either the Upper Aquifer, the Lower Aquifer or both.  The 

number of wells in each GSA predicted to be impacted if groundwater levels are lowered to the 

MTs, by beneficial use category, are as follows:   

  

GSA 

Number of 
Agricultural 

Irrigation 
Wells 

Potentially 
Impacted 

Number of 
Domestic 

Wells 
Potentially 
Impacted 

Number of 
Industrial 

Wells 
Potentially 
Impacted 

Number of 
Municipal 

Wells 
Potentially 
Impacted 

Number of 
Unknown 
Use Wells 
Potentially 
Impacted 

Total 
Wells 

Potentially 
Impacted 

Alpaugh 

ID GSA 1 0 0 0 0 1 

DEID 1 6 0 0 1 8 

ETGSA 91 428 15 8 19 561 

LTRID 

GSA 49 92 5 0 4 150 

Pixley 

ID GSA 6 38 1 0 6 51 

Tri-

County 

GSA 1 4 0 0 0 5 

Total 149 568 21 8 30 776 
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Source: Esri, Maxar, Earthstar Geographics, and the GIS User CommunityÜ
NAD 83 State Plane Zone 4

Tule Subbasin Technical Advisory Committee
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Figure 4

Map Features
DWR Well

!( Upper Aquifer Well
!( Lower Aquifer Well
!( Composite Well

! City or Community

Mile-Square Section

Alpaugh GSA
Delano-Earlimart I.D. GSA
Eastern Tule GSA
Lower Tule River I.D. GSA
Pixley I.D. GSA
Tri-County Water Authority GSA

Basin Boundary

State Highway/Major Road

DWR Driller's Log Wells
with Known Depth

July 2022

DWR Comments -
Groundwater Levels in the

Tule Subbasin

Note: The wells are plotted using coordinates provided by DWR. Many coordinates provided plot
the well in the center of the section. Sections displaying only one well may actually have multiple
wells plotted on top of one another.

Note: Wells include domestic,
agricultural, industrial and public supply wells.
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Figure 7

Map Features

!( Upper Aquifer Well

! City or Community

Mile-Square Section

Alpaugh GSA
Delano-Earlimart I.D. GSA
Eastern Tule GSA
Lower Tule River I.D. GSA
Pixley I.D. GSA
Tri-County Water Authority GSA

Basin Boundary

State Highway/Major Road

Wells Shallower* than
January 2015 Groundwater Levels

Note: The wells are plotted using coordinates provided by DWR. Many coordinates provided plot
the well in the center of the section. Sections displaying only one well may actually have multiple
wells plotted on top of one another.

July 2022

DWR Comments -
Groundwater Levels in the

Tule Subbasin

Note: Wells includes domestic, agricultural,
 industrial, and public supply wells.

*Includes drawdown and submegence assumptions.
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Map Features
Affected Well

!( Unknown
!( Domestic
!( Agricultural
!( Municipal
!( Industrial
! City or Community

Mile-Square Section
Alpaugh GSA
Delano-Earlimart I.D. GSA
Eastern Tule GSA
Lower Tule River I.D. GSA
Pixley I.D. GSA
Tri-County Water Authority GSA
Basin Boundary
State Highway/Major Road

Affected Wells* if
Groundwater Levels Reach

Minimum Thresholds
Note: The wells, with the exception of municipal wells, are plotted using coordinates provided by DWR. 
Many coordinates provided plot the well in the center of the section. Sections displaying 
only one well may actually have multiple wells plotted on top of one another.

Tule Subbasin Technical Advisory Committee July 2022

DWR Comments -
Groundwater Levels in the

Tule Subbasin

*Includes drawdown and submegence assumptions.
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TECHNICAL MEMORANDUM 

1 Introduction 

This technical memorandum (TM) was prepared to address the groundwater quality comments from the 
California Department of Water Resources (CDWR) on groundwater sustainability plans (GSPs) prepared 
by each of the six Groundwater Sustainability Agencies (GSAs) within the Tule Subbasin.  

1.1 Background 

The originally submitted Tule Subbasin Coordination Agreement addressed undesirable results related to 
groundwater quality as stated: “…the criteria for an undesirable result for the degradation of groundwater 
quality is defined as the unreasonable long-term changes of groundwater quality above the minimum 
thresholds at greater than 50% of GSA Management Area RMS wells caused by groundwater pumping 
and/or groundwater recharge.” 

The original Coordination Agreement further stated that “…the avoidance of an undesirable result for 
degraded groundwater quality is to protect the those using the groundwater, which varies depending on 
the use of the groundwater.  The effects of degraded water quality caused by recharge or lowering of 
groundwater levels may impact crop growth or impact drinking water systems, both of which would cause 
additional expense of treatment to obtain suitable water.” 

Each of the Tule Subbasin GSA originally submitted GSPs further described the process/methodology used 
for setting Sustainable Management Criteria: “The following four (4) steps detail the process for setting 
interim milestones and the measurable objective at individual RMS related to Groundwater Quality: 

Step 1: Locate the RMS defined in the Tule Subbasin Monitoring Plan, identify which portion of the aquifer 
it represents, and the associated Constituents of Concern (COC) at the RMS based on groundwater 
suitability (Agriculture use, Domestic Use, Municipal Use).  

Step 2:  Prepare a table summarizing available historical groundwater quality data for each COC at the 
RMS well. 

Step 3:  Establish interim milestones and the measurable objective at each RMS well with calculating a 
change  above the baseline groundwater quality to not exceed 10% of long term 10 year running 
average.  

Step 4: Each year, during the Plan Implementation Period, re-calculate the long term 10 year running 
average. Evaluate changes to groundwater quality based on reduction of groundwater elevation 
or from recharge efforts.“ 

To: Tule Subbasin SGMA Managers 

From: Don Tucker – 4Creeks, Inc. 

Date: June 29, 2022 
Re: Technical Support for Addressing DWRs Comments Regarding Groundwater Quality Sustainable 

Management Criteria in the Tule Subbasin 
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Similar to the process described for interim milestones and measurable objectives, minimum thresholds 
at each RMS well were established to not exceed 15% change in the long-term 10-year running average.  

Lastly, each of the Tule Subbasin GSA GSPs described the Constituent of Concerns (COC) that will be 
monitored at each RMS wells as follows: “The COC vary depending on the suitability of the groundwater.  
Each of the COC to be monitored by the GSA at the RMS wells to serve as indicators for changes in 
groundwater quality are identified in the table below.” 

Municipal / Domestic Agricultural 

Arsenic pH 
Chromium (Total) Conductivity 

Nitrogen as N Nitrogen as N 
(any specific Title 22 MCL exceedance 
at baseline sampling event in Spring 

2020) 

 

1.2 DWR Response 

The CDWR made the following comments relating to addressing groundwater quality in the Coordination 
Agreement and individual GSPs within the Tule Subbasin: 

“The GSPs do not provide sufficient information to justify the proposed sustainable management criteria 
for degraded water quality.  

1. The GSPs do not specify what groundwater conditions are considered suitable for agricultural 
irrigation and domestic use. The GSPs do not explain the choice of constituents (pH, conductivity, 
and nitrate) as a means of evaluating impacts to beneficial uses and users, especially agricultural 
irrigation. 

2. The GSPs do not explain how the use of a 10-year running average to establish the sustainable 
management criteria will avoid undesirable results due to degraded groundwater quality and 
related potential effects of the undesirable results to existing regulatory standards. The GSPs do 
not explain how the criteria defining when undesirable results occur in the Subbasin was 
established, the rationale behind the approach, and why it is consistent with avoiding significant 
and unreasonable effects associated with groundwater pumping and other aspects of the GSAs’ 
implementation of their GSPs. 

3. The GSPs do not explain how the sustainable management criteria for degraded water quality 
relate to existing groundwater regulatory requirements in the Subbasin and how the GSAs will 
coordinate with existing agencies and programs to assess whether or not implementation of the 
GSPs is contributing to the degradation of water quality throughout the Subbasin.”  



ATTACHMENT 5 – TULE SUBBASIN COORDINATION AGREEMENT 
 

7/1/2022                   3 | P a g e  

1.3 Purpose and Scope 

The purpose of this TM is to provide the revised approach for re-establishing the sustainability 
management criteria (SMC) for groundwater quality as is relates to selection constituents of concerns for 
determining impacts to beneficial uses and users, the rationale used to quantify undesirable results as 
they relate to existing regulatory standards, and how impacts will be assessed to determine if GSA 
implementation efforts are a contributing factor to groundwater quality. 

In general, the following items were prepared relating to DWRs comments for degradation of 
groundwater quality: 

1. A detailed description of how the overlying beneficial uses and users were defined for 
determining constituent of concerns to monitor at each RMS groundwater quality well. 

2.  Redefined rationale for setting groundwater quality SMCs to align with existing regulatory 
requirements. 

3. A detailed description of how ongoing coordination with existing groundwater regulatory 
agencies and programs will take place to evaluate if GSP implementation is contributing to 
degradation to groundwater quality. 

1.4 Proposed Approach 

1.4.1 Defining Beneficial Uses and Users at each RMS Well 

Each groundwater quality RMS well will be designated as representative of agricultural or drinking water 
or both based on the beneficial use and users of groundwater within a representative area surrounding 
the well based on the following evaluation: 

Drinking Water: The RMS well is within an urban MA or 1-mile of a public water system. 

Agricultural:  Greater than 50% of the pumping within the representative area is determined to be 
agricultural and there are no public water systems within a 1-mile radius. 

An RMS well may be designated as representative of both agricultural and drinking water if it possesses a 
representative area with greater than 50% agricultural pumping and a public water system was within 1-
mile.  

The analysis used to determine the beneficial uses at each RMS well consisted of querying DWR well 
completion reports, public water systems, and schools using ArcGIS.  The detailed breakdown of the steps 
to conduct analysis is described below.  

1. Create a layer in ArcGIS by combining data from the following:  
• Well locations and well types from DWRs Well Completion Report Mapping Application  
• Boundaries of SWDIS Public Water Systems 
• Boundaries of Community/Urban areas from LAFCO 

2. Overlay groundwater quality locations of RMS wells and create 1 mile buffer for analyzing. 

3. Summarize the data identified in step 1 relative to each groundwater quality RMS well 1-mile 
buffer. 

4. Define the groundwater quality RMS well as representative of drinking water and/or agricultural 
beneficial pumping beneficial use.  



ATTACHMENT 5 – TULE SUBBASIN COORDINATION AGREEMENT 
 

7/1/2022                   4 | P a g e  

Wells types are categorized as drinking water, agricultural, or not applicable based on breakdown in Table 
1. 

Table 1: Categories of Well Types 

Drinking Water Agricultural Not Applicable 
Domestic Irrigation - Agricultural Cathodic Protection 

Public Other Irrigation Destruction Monitoring 
Water Supply Water Supply Irrigation - Agricultural Destruction Unknown Soil Boring 

Water Supply Domestic Water Supply Irrigation - Agriculture Monitoring 
Water Supply Public Water Supply Stock or Animal Watering Other Destruction 

  Test Well 
  Test Well Unknown 
  Unknown 
  Vapor Extraction 
  Vapor Extraction n/a 
  Water Supply Industrial 
  Blanks 

Results of this analysis are provided as part of the Monitoring Network Section of each GSP. 

1.4.2 Rationale for Establishing Sustainable Management Criteria 

Agricultural and drinking water constituents of concerns (COC) will be evaluated based on the established 
Maximum Contaminate Level (MCL) or Water Quality Objectives (WQO) by the responsible regulatory 
agency. In the case of drinking water, the following Title 22 constituents will be monitored and for 
agricultural the following Basin Plan Water Quality Objective (WQO) constituents of concern will be 
monitored:

Drinking Water Constituents of Concern 

• Arsenic 
• Nitrate as N 
• Chromium-VI 
• Dibromochloropropane (DBCP) 
• 1,2,3- Trichloropropane (TCP) 
• Tetrachloroethene (PCE) 
• Chloride 
• Total Dissolved Solids 
• Perchlorate 

Agricultural Constituents of Concern 

• Chloride 
• Sodium 
• Total Dissolved Solids 

 

 

 

Measurable objectives are proposed to be 75% of the regulatory limits for the COCs and the minimum 
thresholds are proposed to be the regulatory limits as identified in Table 2. For RMS wells that have 
historical exceedances of the MCLs or WQOs which were not caused by implementation of a GSP, 
minimum thresholds will not be set at the MCLs or WQOs, but rather the pre-SGMA implementation 
concentration. These RMS wells closely monitored to evaluate if further degradation is occurring at the 
RMS site as a result of GSP implementation into the future. 
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Table 2: Measurable Objectives and Minimum Thresholds for Groundwater Quality 

Constituent Units 

Minimum Threshold Measurable Objective 

Drinking Water Limits 
(MCL/SMCL) 

Agricultural Water 
Quality Objective 

Drinking Water 
Limits 

(MCL/SMCL) 
Agricultural Water 
Quality Objective 

Arsenic ppb 10 N/A 7.5 N/A 

Nitrate as N ppm 10 N/A 7.5 N/A 

Hexavalent Chromium ppb 10 N/A 7.5 N/A 

Dibromochloropropane (DBCP) ppb 0.2 N/A 0.15 N/A 

1,2,3-Trichloropropane (TCP) ppt 5 N/A 3.75 N/A 

Tetrachloroethene (PCE) ppb 5 N/A 3.75 N/A 

Chloride ppm 500 106 375 79.5 

Sodium ppm N/A 69 N/A 51.75 

Total Dissolved Solids ppm 1,000 450 750 337.5 

Perchlorate ppb 6 N/A 4.5 N/A 

Utilizing the criteria described above, the Tule Subbasin GSAs have revised the definition of undesirable 
results for degradation of groundwater quality in Section 4.3.3.2 - Criteria to Define Undesirable Results 
(§354.26(b)(2)) in the Tule Subbasin Coordination Agreement as:  

“..the exceedance of a minimum threshold at a groundwater quality RMS in any given GSA resulting 
from the implementation of a GSP.  This condition would indicate that more aggressive 
management actions were needed to mitigate the overdraft.” 

Additionally, the Tule Subbasin has developed a Mitigation Program Framework included as Attachment 
7 of the Tule Subbasin Coordination Agreement, which describes the framework the Tule Subbasin GSAs 
would utilize to address impacts that occur from implementation of a GSP relative to degradation of 
groundwater quality due to GSA actions.  

1.4.3 Coordination with Existing Groundwater Quality Regulatory Agencies and Programs 

The monitoring and characterization of groundwater quality conditions has historically been conducted 
and reported by other public agencies and/or non-profits to meet requirements of other regulatory 
programs, which focus on the prevention of degradation of groundwater quality.  The existing 
groundwater monitoring programs that the Tule Subbasin GSAs coordinate with are described in Table 3. 

To prevent duplication of efforts and competing datasets for the ILRP, CV-Salts Nitrate Control Program, 
and SGMA GSAs, the Tule Subbasin utilizes a single group to manage the monitoring efforts within the 
Subbasin for collectively meeting the various requirements of these programs being implemented at the 
local level.  This level of coordination between these agencies and groups ensures that the efforts 
performed under each program help provide a cohesive response to providing short term and long-term 
solutions to groundwater management. 

The evaluation as to whether the implementation of a GSP may be contributing to the degradation of 
water quality will be completed as outlined in Attachment 7 of the Tule Subbasin Coordination 
Agreement.  The types of mitigation for degradation of groundwater quality will vary by GSA and will be 
coordinated with the agencies listed in Table 2. 

Other forms of mitigation may consist of joint ventures to secure grant funding to address GSA related 
impacts. 



 

Table 3: Existing Groundwater Quality Monitoring Programs 

Programs or 
Data Portals 

Tule Subbasin 
Agency 

Coordinating with 
GSAs 

Parameters Monitoring Frequency Program Objectives 

AB-3030 and SB-
1938 
Groundwater 
Management 
Plans 

Tule Subbasin 
GSAs, requirements 
incorporated into 
GSP Annual Reports 

• Water levels are typically monitored annually. 
• Ag Suitability analysis (limited suite of general 
minerals) monitoring frequency between annual to 
once every 3 years. 

Semiannual to Annual  

California SDWIS Varies Public Water 
Systems 

Database for all public water system wells and 
historical sample results. Data available includes 
all Title 22 regulated constituents. 

• Title 22 General Minerals and Metals every 3 years. 
• Nitrate as N annually, if ≥ 5 ppm, sampled quarterly 
• VOCs and SOCs sampled every 3 years. 
• Uranium sampling depends on historical results but 
varies between 1 
sample every 3 (when ≥ 10 pCi/L), 6 (when < 10 
pCi/L) or 9 (when no historical detection) years. 

Demonstrate compliance with Drinking Water Standards 
through monitoring and reporting water quality data. 

CV-SALTS Tule Basin 
Management Zone, 
Tule Basin Water 
Foundation 

Sampling parameters required through Waste 
Discharge Requirements (WDR): typically include 
monthly sodium, chloride, electrical conductivity, 
nitrogen species (N, NO2, NO3, NH3), pH and 
other constituents of concern identified in the 
Report of Waste Discharge. A limited suite of 
general minerals is required quarterly from the 
source and annually from the wastewater. 

Most constituents sampled monthly, quarterly 
general minerals from source water and annual 
general minerals from waste discharge.  

To monitor degradation potential from wastewaters 
discharged to land application areas and provide interim 
replacement water when MCL for nitrate as N is exceeded 
while developing long term solutions for safe drinking 
water. 

Department of 
Pesticide 
Regulation 

County of Tulare Pesticides Annual DPR samples groundwater to determine: 
(1) whether pesticides with the potential to pollute 
groundwater are present, 
(2) the extent and source of pesticide contamination, and 
(3) the effectiveness of regulatory mitigation measures. 

GAMA 
(Collaboration 
with SWQCB, 
RWQCB, DWR, 
DPR, NWIS, 
LLNL) 

 • Constituents sampled vary by the Program 
Objectives. 
• Typically, USGS is the technical lead in 
conducting the studies and reporting data. 

Varies • Improve statewide comprehensive e groundwater 
monitoring.  
• Increase the availability of groundwater quality and 
contamination information to the public. 

Geotracker and 
Envirostor 
Databases 

 Many contaminants of concern, organic and 
inorganic. 

Depends on program. Monthly, Semiannually, 
Annually, etc. 

Records database for cleanup program sites, permitted 
waste dischargers 

ILRP Tule Basin Water 
Quality Coalition 

• Annually: static water level, temperature, pH, 
electrical conductivity, nitrate as nitrogen, and 
dissolved oxygen.  
• Once every five years: general minerals 
collection 

Annual and Every 5 years Monitor impacts of agricultural and fertilizer applications 
on first encountered groundwater 

USGS California 
Water Science 
Center 

 Conducted multiple groundwater quality studies of 
the Tule Subbasin. 

Reports, factsheet, and data publications range from 
1994through 2017. 

Special studies related to groundwater quality that provide 
comprehensive studies to characterize the basin.  
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Technical 

Memorandum 
 

 

1 Introduction 

This technical memorandum (TM) summarizes an analysis of currently established minimum 

thresholds and measurable objectives for land subsidence as they relate to potential impacts to land 

use, property interests, and critical infrastructure in the Tule Subbasin in Tulare County, California 

(see Figure 1).  This TM was prepared to address comments from the California Department of 

Water Resources (CDWR) on groundwater sustainability plans (GSPs) prepared by each of the six 

Groundwater Sustainability Agencies (GSAs) within the Tule Subbasin.   

1.1 Background 

The Tule Subbasin Coordination Agreement formerly addressed undesirable results related to 

groundwater levels as the following: “…the criteria for an undesirable result for land subsidence is 

defined as the unreasonable subsidence below minimum thresholds at greater than 50% of GSA 

Management Area RMS resulting in significant impacts to critical infrastructure.” 

The previous version of the Coordination Agreement further stated that “…the avoidance of an 

undesirable result of land subsidence is to protect critical infrastructure for the beneficial uses within 

the Tule Subbasin, including out of the ordinary costs to fix, repair, or otherwise retrofit such 

infrastructure beyond those which are expected or normal and may also result in an interim loss of 

benefits to the users of such infrastructure. An exceedance of minimum thresholds to the extent that the 

undesirable result for the Tule Subbasin is experienced could likely induce financial hardship on land 

and property interests, such as the redesign of previously planned construction projects and the fixing 

and retrofitting of existing infrastructure.”  

  

To: Tule Subbasin Technical Advisory Committee 

 

From: Thomas Harder, P.G., C.HG. 

Thomas Harder & Co. 

Date: 13-Jul-22 

Re: Technical Support for Addressing Department of Water Resources Comments 

Regarding Land Subsidence in the Tule Subbasin 

  

Attachment 6 
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In their review of the Tule Subbasin GSPs, each of which refer to the Coordination Agreement, 

the CDWR outlined the following Corrective Actions:1 

1. For areas defined as adjacent to the Canal in the Eastern Tule GSP, Delano-Earlimart 

Irrigation District GSP, and Lower Tule River Irrigation District GSP areas, the GSAs 

should identify, through analysis, the total amount of subsidence that can be tolerated by 

the Canal during implementation of the GSPs to maintain the ability to reasonably operate 

to meet contracted water supply deliveries. Eastern Tule GSA, Delano-Earlimart Irrigation 

District GSA, and Lower Tule River Irrigation District GSA should explain how 

implementation of the projects and management actions is consistent both with achieving 

the long-term avoidance or minimization of subsidence and with not exceeding the 

tolerable amount of cumulative subsidence adjacent to the Canal. 

a. GSPs adjacent to the Canal should provide an updated description of the Land 

Subsidence Management and Monitoring Plan and the associated subsidence 

management in the vicinity of the Canal. The GSPs should include details of any 

projects, management actions, or mitigation programs associated with the 

management of land subsidence in the Subbasin. 

2. For areas not adjacent to the Canal, the GSAs should identify facilities and/or structures, 

land uses and property interests that may be susceptible to impacts from land subsidence 

and should quantify the amount of land subsidence that would result in undesirable results. 

The GSAs should describe the rationale and any analysis performed to inform the 

quantification of undesirable results in these areas.  

3. Tule Subbasin GSAs should define the criteria for when undesirable results occur in the 

Subbasin based on the results of analyses completed in response to Corrective Actions 1 

and 2, the rationale behind the approach, and why it is consistent with avoiding the 

significant and unreasonable effects identified by the GSAs.  

4. The GSAs should revise their minimum thresholds and measurable objectives for land 

subsidence to be consistent with the intent of SGMA that subsidence be avoided or 

minimized once sustainability is achieved. In doing that, the GSAs should identify a 

cumulative amount of tolerable subsidence that, if exceeded, would substantially interfere 

with groundwater and land surface beneficial uses and users in the Subbasin. The GSPs 

should explain how the extent of any future subsidence permitted by the GSPs would not 

substantially interfere with surface land uses. The GSAs should explain how 

implementation of the projects and management actions is consistent both with achieving 

the long-term avoidance or minimization of subsidence and with not exceeding the 

tolerable amount of cumulative subsidence. 

 
1 CDWR, 2022.  Statement of Findings Regarding the Determination of Incomplete Status of the San Joaquin Valley 

– Tule Subbasin Groundwater Sustainability Plans;  Letter Dated January 28, 2022.  Section 3.2. 
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The updated Coordination Agreement has been modified to reflect the analysis of land subsidence 

in the Tule Subbasin, as presented herein. 

1.2 Purpose and Scope 

In general, the purpose of this TM is to provide a technical basis for addressing the four general 

CDWR comments on the sustainable management criteria for land subsidence in the Tule 

Subbasin, as quoted in Section 1.1.  The technical analysis described herein provides the basis for 

defining significant and unreasonable land subsidence conditions in the Tule Subbasin.   

1.3 Sources of Data 

The analysis presented herein is based on the best available data and background reports at the 

time of preparation.  Sources of data used for this analysis include the following: 

• Geographic Information System (GIS) shapefiles of hydrologic and water infrastructure 

from local agencies (e.g. Lower Tule River Irrigation District, Saucelito Irrigation District, 

etc.) 

• GIS shapefile of railroads from the California Department of Transportation (CalTrans). 

• GIS shapefile of bridges from the United States Department of Transportation, National 

Bridge Inventory 

• AMEC Foster Wheeler, 2017. Ground Subsidence Study Report, Corcoran Subsidence 

Bowl, San Joaquin Valley, California. Prepared for California High Speed Rail Authority 

• GIS shapefiles of Flood Insurance Rate Maps (FIRMs) from the Federal Emergency 

Management Agency (FEMA), National Flood Insurance Program (NFIP). 

• Pipeline locations from the National Pipeline Mapping System (NPMS) 

• United States Geological Survey (USGS) Digital Elevation Model (DEM) 

• Geographic Information System (GIS) shapefiles of the subbasin and GSA boundaries and 

wells 

• Tule Subbasin survey benchmark data2 

• Minimum threshold groundwater level elevations for representative monitoring sites in the 

Tule Subbasin3 

  

 
2 Thomas Harder & Co, 2022. Tule Subbasin 2020/21 Annual Report. Prepared for the Tule Subbasin Technical 

Advisory Committee. 
3 Thomas Harder & Co, 2022. Tule Subbasin 2020/21 Annual Report. Prepared for the Tule Subbasin Technical 

Advisory Committee. 
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2 Land Subsidence Conditions 

2.1 Mechanisms of Land Subsidence 

Land surface subsidence from groundwater withdrawal occurs in areas where the subsurface 

aquifer system includes relatively thick aquitards and the groundwater level is lowered from 

groundwater pumping. Aquitards are low permeability layers with relatively high silt and clay 

content. As the aquitards are compressible, the release of pore pressure caused by the lowering of 

groundwater levels results in compression of the low permeability layers. Within a limited range 

of groundwater level fluctuation, the compressed aquitards can accept water back into their 

structure when groundwater levels rise resulting in elastic rebound. However, if groundwater 

levels are maintained at these lower levels for long enough periods of time as a result of 

groundwater pumping, the compression of aquitards becomes permanent. This permanent 

compression of subsurface layers results in land surface subsidence. 

2.2 Rate and Extent of Land Subsidence in the Tule Subbasin 

As described in the Tule Subbasin Setting (Attachment 2 to the Coordination Agreement), the rate 

of land subsidence in the Tule Subbasin varies both spatially, according to the geology of the 

subsurface sediments, and temporally with changes in groundwater levels.  In general, land 

subsidence rates are highest in the northwestern part of the subbasin (see Figure 2).  The average 

rate of change in land surface elevation between 1987 and 2018 for the area of maximum 

subsidence in the western part of the subbasin was estimated to be approximately 12 feet over the 

32-year period for a rate of 0.4 ft/yr.  At the Porterville GPS station, the annual rate of subsidence 

between 2006 and 2013 was approximately 0.09 ft/yr but increased to approximately 0.29 ft/yr 

between 2013 and 2019. 

Groundwater flow model analysis forecasts that land subsidence will continue during the 

transitional pumping period from 2020 to 2040 as groundwater levels continue to drop in parts of 

the Subbasin.4  In general, the greatest amounts of land subsidence (up to eight feet) is forecasted 

to occur in the northwestern part of the subbasin during this time period, which represents an 

average rate of 0.4 ft/yr (see Figure 3).  Land subsidence rates as high as 0.2 ft/yr are forecasted to 

occur in the vicinity of the Friant-Kern Canal between Deer Creek and White River. 

 

 
4 Thomas Harder & Co., 2020.  Groundwater Flow Model of the Tule Subbasin.  Prepared for the Tule Subbasin MOU 

Group.  Dated January 2020. 
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2.3 Regional vs Differential Subsidence 

Land subsidence can manifest itself as a regional phenomenon or at a local scale. Regional land 

subsidence results in a large area (e.g. 10’s to 100’s of square miles) subsiding at similar rates such 

that the effect of the lowered land elevation cannot be discerned except through periodic surveying 

of bench marks or information from satellites. Impacts to land uses, property interests, and critical 

infrastructure from this type of land subsidence are most likely to occur in the form of reduced 

surface carrying capacity of gravity-driven water conveyance, well damage, and flood control. 

Differential land subsidence results in localized adjoining areas subsiding at different rates relative 

to each other. This can result in land fissuring and often occurs along a fault or geologic boundary. 

Differential land subsidence has the most potential to cause damage to surface infrastructure such 

as roads, bridges, and buildings. 

The best available information to date indicates that land subsidence in the Tule Subbasin has been 

regional in nature with little evidence of differential land subsidence and no reports of damage to 

infrastructure associated with differential land subsidence.   
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3 Land Subsidence Along the Friant-Kern Canal 

Differential land subsidence rates along the portion of the Friant-Kern Canal that extends through 

the ETGSA has had a significant impact on the ability of the FWA to deliver surface water 

downstream of the impacted areas. Where the FKC crosses the northern and southern ETGSA 

boundaries, land subsidence rates have been relatively low and cumulative land subsidence in 

those areas have been on the order of 1 to 2 feet between 1959 and 2019. Land subsidence between 

the Tule River and White River, however, have resulted in up to approximately 9 feet of cumulative 

land subsidence at the FKC. This differential land subsidence has resulted in a low spot along the 

canal in the vicinity of Deer Creek that restricts flow in the canal. The original design flow capacity 

of the FKC was approximately 4,000 cubic feet per second (cfs). As of 2019, the flow capacity at 

the canal at Deer Creek had been reduced to approximately 1,900 cfs (United States Bureau of 

Reclamation, 2019). The FWA is currently pursuing repairs to the FKC to restore the original flow 

capacity. The long-term effectiveness of the repairs at maintaining flow capacity in the canal relies 

on limiting additional land subsidence during the SGMA transition period from 2020 to 2040 

within the design of the repairs and minimizing land subsidence after 2040. 

Groundwater flow model analysis forecasts as much as three feet of additional land subsidence at 

some locations of the FKC during the transition period from 2020 to 2040 (Figure 4).  Through 

coordination with the Friant Water Authority staff and consultants, this value became the basis for 

engineering design modifications to restore canal flow capacity to its original condition.  Land 

subsidence along the canal exceeding three feet was determined to be an undesirable result because 

it would be beyond what the engineering design could accommodate to restore the flow capacity 

to its original condition and what the parties to the FWA/ETGSA/Pixley GSA settlement 

agreement agreed to mitigate. 

To address land subsidence along the FKC, the ETGSA developed a Land Subsidence Monitoring 

Plan5 and Management Plan6.  These plans are separate from, and in addition to, the monitoring 

plan established for the Tule Subbasin.  The goal of the Land Subsidence Monitoring and 

Management Plans is to implement groundwater management measures necessary to minimize 

future non-recoverable land subsidence along the FKC in the SGMA transition period from 2020 

– 2040 and to arrest nonrecoverable land subsidence along the FKC after 2040.  The area 

encompassed by the plan is shown on Figure 5, along with Management Zones that have been 

identified where management actions may be implemented. 

The ETGSA Land Subsidence Monitoring Plan includes: 

• An enhanced benchmark and groundwater level monitoring network, 

 
5 TH&Co, 2021.  Eastern Tule Groundwater Sustainability Agency Land Subsidence Monitoring Plan.  Dated 

September 2021. 
6 ETGSA, 2022.  Eastern Tule Groundwater Sustainability Agency Land Subsidence Management Plan. Dated 

February 2022. 
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• Establishment of a Land Subsidence Monitoring and Management Committee, and 

• Annual Reporting 

The Land Subsidence Management Plan establishes management action criteria for implementing 

enhanced management actions should land subsidence in any given Management Area reach 

certain thresholds.  Four land subsidence thresholds, or “Tiers” have been established: 

• Tier 1 – 0 to 1.49 ft of land subsidence 

• Tier 2 – 1.5 to 1.99 ft of land subsidence 

• Tier 3 – 2.0 to 2.49 ft of land subsidence 

• Tier 4 – 2.5 to 2.99 ft of land subsidence. 

Progressively aggressive management actions have been identified for each tier.  Land subsidence 

in any given Management Area that exceeds the criteria, as measured semi-annually using InSAR 

data, triggers the management actions in the next higher tier.    
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4 Other Land Uses, Property Interests, and Critical Infrastructure 

Vulnerable to Land Subsidence in the Tule Subbasin 

4.1 Gravity-Driven Water Conveyance Infrastructure 

Gravity-driven water conveyance infrastructure includes canals, turnouts, recharge basins, stream 

channels used to convey water, pipelines, and field irrigation (see Figure 6).  This infrastructure 

utilizes the land surface slope to maintain hydraulic head and velocity (and therefore flow 

capacity). Land subsidence results in changes in the slope of the land surface. Positive changes in 

slope (i.e. steepening of slope) may result in increased water velocities, increased pressure in 

pipelines, and lower hydraulic head (e.g. at turnouts).  Negative changes in slope (i.e. flattening of 

slope) may result in decreased water velocities, lower pressure in pipelines, and higher hydraulic 

head (e.g. at turnouts and under bridges). 

For completeness, below is a list of gravity-driven water conveyance infrastructure in the Tule 

Subbasin that may be vulnerable to changes in land surface slope due to subsidence: 

• Regional canals including the following: 

o Friant-Kern Canal 

o Homeland Canal 

• Local canals owned and operated by the following: 

o Lower Tule River Irrigation District 

o Pixley Irrigation District 

o Porterville Irrigation District 

o Various Tule River Association members (e.g. Porter Slough, Campbell-Moreland 

Ditch, etc.) 

o Angiola Water District 

o Alpaugh Irrigation District 

• Turnouts to landowners 

• Turnouts to recharge basins 

• Tule River, Deer Creek, and White River channels used to convey native and imported 

water 

• Pipelines owned and operated by the following 

o Porterville Irrigation District 

o Saucelito Irrigation District 

o Delano-Earlimart Irrigation District 

o Terra Bella Irrigation District 

o Kern-Tulare Irrigation District 

o Tea Pot Dome Irrigation District 

• Field irrigation (e.g. field furrows, field flooding, etc.) 
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4.1.1 Analysis of Potential Impacts to Gravity Driven Water Conveyance from Land 

Subsidence 

Changes in land surface slope or localized changes in land surface elevation have the potential to 

impact the flow capacity of gravity driven conveyance facilities.  Groundwater flow modeling has 

shown that land subsidence is likely to continue through the 2020 to 2040 transition period (see 

Figure 3).7  Minimum Thresholds (MTs) for land subsidence were developed based, in part, on 

land subsidence forecasts by the groundwater flow model for the 2020 to 2040 transition period.  

To assess the potential for undesirable results on gravity driven water conveyance in the Tule 

Subbasin if the land subsidence exceeds the minimum thresholds, TH&Co conducted the following 

analysis:   

• The difference between the 2020 land surface elevations surveyed at the Representative 

Monitoring Sites (RMS; Benchmark Network) and the forecast maximum land subsidence 

(MTs) at the RMS was contoured in a Geographic Information System (GIS) using a 

kriging algorithm to produce a distribution of potential future land subsidence between 

2020 and 2040 (see Figure 7). 

• The 2020 land surface elevation and land surface elevation at maximum subsidence were 

discretized with square cells 1,650 ft on each side. 

• Using the GIS slope tool, TH&Co calculated the land surface slopes for both the 2020 and 

MT land surface elevation conditions (see Figures 8 and 9). 

• The forecast change in slope was estimated as the difference between the 2020 and MT 

slopes (see Figure 10). 

Results of the analysis showed a projected flattening of the land surface slope along Deer Creek 

and west of the Friant-Kern Canal, along the Tule River west of State Highway 99, and north of 

Deer Creek along State Highway 43 (see Figure 10).  However, changes in slope are not projected 

to change surface flow directions except for the area north of Deer Creek and State Highway 43, 

where the land surface is already relatively flat.  Flattening of the surface slope at the west end of 

Deer Creek could change surface flow directions and flooding patterns in this area. 

4.1.2 Potential for Undesirable Results on Gravity Driven Water Conveyance from 

Land Subsidence 

The greatest potential for undesirable results related to changes in land surface slope from forecast 

land subsidence during the 2020 to 2040 transition period are water delivery capacity in the 

Homeland Canal, the ability to divert water from the western end of Deer Creek, and potential 

changes in the cost and ability to deliver water in conveyance pipelines.  Except for the Friant-

Kern Canal, no undesirable results on gravity driven conveyance have been documented from 

 
7 Thomas Harder & Co., 2020.  Groundwater Flow Model of the Tule Subbasin.  Prepared for the Tule Subbasin MOU 

Group.  Dated January 2020. 
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historical land subsidence in the Tule Subbasin.   Further, impacts associated from potential future 

changes in land surface slope are not anticipated.   

4.2 Domestic, Agricultural, and Other Wells 

Wells are susceptible to damage from land subsidence.  Subsidence is the result of cumulative 

aquifer system (i.e. aquifers and aquitards) compaction at depth.  As the aquifer system compacts, 

it causes vertical compression on the well casing, which may result in collapsing, bending, ripping, 

rupturing, or otherwise breaking.  This can lead to a damaged and/or unusable well. Protrusion of 

the well casing at the land surface may also occur. 

Casing compression is proportional to the thickness of compressing sediment, which varies in the 

Tule Subbasin spatially and with depth.  In the Tule Subbasin, compression of the Lower Aquifer 

is greater than that of the Shallow Aquifer.  Therefore, wells constructed in the Lower Aquifer are 

more susceptible to damage from land subsidence than wells constructed only in the Upper 

Aquifer. 

While well casing damage from land subsidence is known to occur in wells constructed in the Tule 

Subbasin, details regarding the number of impacted wells and the amount of land subsidence that 

leads to casing damage/failure is not documented.  Further, many new wells constructed in the last 

approximately 20 years have been designed with compression sections in their casing to 

accommodate the effects of land subsidence.  For wells not equipped with compression sections, 

studies in other areas of the Central Valley of California suggest that casing damage is not common 

where land subsidence is less than approximately one foot.8  Given that land subsidence has 

exceeded one foot throughout most of the Tule Subbasin since at least 2015 (see Figure 2), well 

damage from historical land subsidence is likely in wells not equipped with compression sections.  

Further, forecasted land subsidence for 2020 to 2040 is also estimated to exceed one foot 

throughout much of the subbasin, which may cause to wells not equipped to accommodate it.  

Potential undesirable results include the need to repair or replace damaged wells and difficulty or 

inability to remove pumps. 

4.3 Flood Control 

The historical tendency of any given area to flood during a precipitation event or prolonged period 

of above-normal precipitation is dependent on the land elevation of the area relative to other areas.  

Flooding occurs in low-lying areas.  Changes in the land surface elevation and slope can impact 

the direction of surface water runoff and areas subject to flooding.  Infrastructure built in areas 

protected from historical flooding or dependent on historical land/channel slopes to deliver surface 

water may be impacted if the slope of the land changes.  The Federal Emergency Management 

 
8 Borchers, J.W., Gerber, M., Wiley, J., and Mitten, H., 1998.  Using Down-Well Television Surveys to Evaluate Land 

Subsidence Damage to Water Wells in the Sacramento Valley, California. 
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Agency (FEMA) has published maps showing areas susceptible to flooding (see Figure 11).  While 

these maps were updated in 2009, it is our understanding that they were based on topographic data 

that was outdated.  As land subsidence continues to occur in the Tule Subbasin, it will be necessary 

to update the FEMA flood maps after land subsidence rates are minimized. 

Potentially impacted flood control infrastructure includes berms/levees around the Tule River, 

Deer Creek, White River, smaller channels, and the Tulare Lakebed. The location and design 

capacity of this infrastructure are presently unknown.  As described in Section 4.1.2 herein, 

changes in land elevation may affect some stakeholder’s ability to divert water from the western 

end of Deer Creek.  AMEC Foster Wheeler (2017) noted that potential flooding of the Tulare 

Lakebed is the primary concern for subsidence impacts to the California High Speed Rail (CSHR), 

more so than potential physical impacts to the track structure.9 

4.4 State Highways, Railroads, Pipelines, and Bridges 

State Highways, railroads, pipelines, and bridges may be susceptible to differential subsidence, 

should it occur.  State highways in the Tule Subbasin include Highways 99, 43, 65, 190, and 155 

(see Figure 12). In addition, there are 156 bridges from the National Bridge Inventory within the 

Tule Subbasin.  Railroads in the Tule Subbasin include the Burlington-Northern Santa Fe (BNSF), 

Union Pacific, San Joaquin Valley Railroad, West Isle Line, and the planned California High 

Speed Rail (CHSR).  Pipelines identified from the National Pipeline Mapping System (NPMS) 

include gas transmission pipelines and liquid petroleum pipelines. 

Historically, there has been no reported impacts to state highways, railroads, pipelines and bridges 

in the Tule Subbasin attributed to land subsidence.  Further, there has been no evidence of 

differential land subsidence that has impacted infrastructure in the subbasin. 

The CHSR, which is currently under construction, is located on the western side of the Tule 

Subbasin (see Figure 12). AMEC (2017) conducted a detailed evaluation of potential subsidence-

related impacts to the CHSR.  The report identified the following potential concerns: 

Rapid and large-magnitude subsidence poses several potential concerns to the HSR, 

including (1) changes in slopes, vertical curvature, horizontal curvature, and twist; (2) 

development of fissures or compaction faults; and (3) changes in floodplains and site 

drainage. 

AMEC Foster Wheeler (2017) noted that potential flooding of the Tulare Lakebed, which is 

associated with regional land subsidence, is the primary concern for subsidence impacts to the 

CSHR, more so than potential physical impacts to the track structure associated. 

 
9 AMEC Foster Wheeler, 2017.  Ground Subsidence Study Report – Corcoran Subsidence Bowl, San Joaquin Valley, 

California.  Prepared for the High Speed Rail Authority. Dated December 2017.  



Tule Subbasin Technical Advisory Committee  
Technical Support for Addressing DWR Comments Regarding Land Subsidence July 2022 

 

12 

 

4.5 Wastewater Collection 

Wastewater collection (i.e. sewer systems) relies on networks of gravity-driven sewers that may 

be susceptible to impacts from land subsidence (see Section 4.4).  For completeness, cities and 

communities that operate wastewater collection include the following (see Figure 13): 

• City of Porterville 

• Terra Bella Sewer Maintenance District (SMD) 

• Woodville Public Utilities District (PUD) 

• Tipton Community Services District (CSD) 

• Pixley PUD 

• Earlimart PUD 

• Richgrove CSD 

Historically, there has been no reported impacts to wastewater collection systems in the Tule 

Subbasin attributed to land subsidence.  Further, there has been no evidence or studies 

documenting differential land subsidence that has impacted wastewater infrastructure in the 

subbasin. 

4.6 Other Potential Land Uses, Property Interests, and Critical Infrastructure  

Other potential land uses, property interests, and critical infrastructure that could be impacted by 

differential land subsidence include buildings, utilities, and other facilities. Historically, there has 

been no reported impacts to infrastructure in the Tule Subbasin attributed to land subsidence.  

Further, there has been no evidence or studies documenting differential land subsidence that has 

impacted buildings, utilities, and other facilities in the subbasin. 
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5 Prioritization of Land Uses Vulnerable to Land Subsidence 

The land uses, property interests, and critical infrastructure vulnerable to land subsidence were 

prioritized based on input from Tule Subbasin GSAs, a review of documented subsidence impacts 

in the Tule Subbasin, and historical and projected subsidence rates.  

High priority land uses are those that are potentially impacted by regional land subsidence regardless 

of if there is differential land subsidence.  High priority land uses include:  

• Gravity-Driven Water Conveyance 

o Canals 

o Turnouts 

o Stream Channels 

o Water Delivery Pipelines 

o Basins 

• Wells 

• Flood Control Infrastructure 

 

Low priority land uses are not typically impacted by regional land subsidence but are susceptible 

to differential land subsidence if it occurs. Based on the best available information, these land uses 

have not been impacted by the regional land subsidence that has historically occurred in the Tule 

Subbasin. The low priority land uses include: 

• Highways and Bridges 

• Railroads 

• Other Pipelines 

• Wastewater Collection 

• Utilities 

• Buildings 

 

In the context of the discussion of infrastructure and land uses vulnerable to land subsidence 

(Sections 3 and 4 herein), undesirable results associated with the cumulative amount of land 

subsidence accommodated by the Minimum Thresholds, as published in each GSA’s GSP (see 

Figure 7), are not anticipated for most of the land uses in the Tule Subbasin.  In those cases where 

an impact is reported, it is recommended that the Tule Subbasin GSAs establish a mitigation 

program to address such impacts. 
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6 Potential for Land Subsidence After 2040 

Even with achievement of sustainable groundwater conditions by 2040, it is possible that ongoing 

land subsidence could occur in the Tule Subbasin after 2040.  This additional land subsidence 

would take the form of: 

• Elastic aquifer compaction and rebound whereby seasonal changes in groundwater levels 

result in lowering and raising of the land surface as the aquifer releases or takes in water.  

Changes in land elevation from elastic compaction (also known as “recoverable 

compaction”) are typically on the order of tenths of feet or less. 

• Residual compaction of clays after 2040 from the lowering of groundwater levels that 

occurred prior to 2040.  Land subsidence associated with residual compaction is inelastic 

(i.e. permanent) and typically results in greater amounts of subsidence relative to 

recoverable compaction. 

The greatest potential for undesirable results from land subsidence after 2040 is residual 

compaction associated with a groundwater condition that was established prior to 2040.  Residual 

compaction rates and extents are hard to predict as they depend largely on the characteristics of 

the subsurface sediments at any given location.  Recent studies by Smith and Knight (2019)10 and 

Lees et al. (2022)11 suggest that the duration and magnitude of residual land subsidence at any 

given location, assuming a stable groundwater level condition, is proportional to the thickness of 

subsurface clay at that location.  Based on studies and modeling in the Kaweah Subbasin north of 

Tule Subbasin, residual subsidence rates could be on the order of 0.4 to 2 in/yr (1 to 5 cm/yr) (Lees 

et al., 2022) and last many years after groundwater levels have stabilized.   

Given the uncertainty of residual compaction rates that could be expected at any given location in 

the Tule Subbasin after 2040, it is recommended to collect additional groundwater levels and land 

surface elevation data over time to establish more clearly the relationship between groundwater 

level changes and land subsidence in those areas of the Tule Subbasin where infrastructure and 

land uses are vulnerable to undesirable results.  Further, construction of one or more extensometers 

in the areas of highest land subsidence rate is recommended to help establish the groundwater level 

at which land subsidence would be acceptably mitigated.   

 
10 Smith, R., and Knight, R., 2019.  Modeling Land Subsidence Using InSAR and Airborne Electromagnetic Data. 

Water Resources Research, 55, 2801-2819. 
11 Lees, M., Knight, R., and Smith, R., 2022.  Development and Application of a 1D Compaction Model to Understand 

65 Years of Subsidence in the San Joaquin Valley. Water Resources Research, 58, e2021WR031390. 
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MITIGATION PROGRAM FRAMEWORK 

COORDINATION AGREEMENT ATTACHMENT 7 
Framework for GSA Mitigation Programs to Address  

Groundwater Levels, Land Subsidence and Groundwater Quality Impacts 
 
Introduction 
 
Sustainable management criteria identified in each of the Tule Subbasin Groundwater 
Sustainability Agencies’ (GSAs) Groundwater Sustainability Plans (GSPs) have been developed 
to address significant and unreasonable impacts to agricultural, municipal, and industrial 
beneficial uses of groundwater.  However, analysis based on available data suggests that 
numerous shallow domestic wells and potentially other wells may be impacted during the 
Sustainable Groundwater Management Act (SGMA) GSP implementation period between 2020 
and 2040 as a result of continued lowering of groundwater levels during this period.  Wells, land 
use, property, and infrastructure may also be impacted from land subsidence and changes in 
groundwater quality during this period.   
 
The Tule Subbasin GSAs agree to each individually implement a Mitigation Program (Program) 
as needed to offset impacts associated with GSP-allowed activities, subject to the following 
framework and subject to the schedule provided herein.  The goal of this framework is to 
establish a standard for mitigation programs to be implemented by each GSA for the purpose of 
mitigating anticipated impacts to beneficial uses to a level that avoids the occurrence of an 
Undesirable Result. 
 
Each Mitigation Program may be extended or revised based on groundwater conditions in the 
future. 
 
Mitigation Program Framework 
 
The Subbasin has been in overdraft for many years, resulting in a significant lowering of regional 
and local groundwater levels.  The GSPs are designed for the Subbasin to reach sustainability by 
2040 and beyond.  However, until sustainability is reached, some level of continued groundwater 
level decline and land subsidence is expected in areas of the Subbasin while the GSAs are in the 
process of implementing projects and management actions to achieve sustainability by 2040.  
The purpose of the GSAs’ Mitigation Programs is to mitigate those wells, critical infrastructure, 
and land uses that are adversely affected by declining groundwater levels, land subsidence, and 
changes to groundwater quality while the GSAs reach sustainability. 
 
Each GSA shall include a Program as a project or management action identified in that GSA’s 
GSP, describing the following elements: 
 

a) Identification of Impacts to be Addressed by Mitigation Program 
 
Each Tule Subbasin GSA will adopt and implement a Mitigation Program to identify the specific 
needs for mitigation caused by pumping within the GSA’s boundaries.  Each GSA Mitigation 
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Program will separately identify the impacts to beneficial uses that the Program is intended to 
address.  Each GSA Mitigation Program must provide a claim process to address impacts to (i) 
domestic and municipal wells, (ii) agricultural wells, and (iii)  critical infrastructure.  Decisions 
to include or exclude impacted users from participation in a GSA’s Mitigation Program shall be 
supported by appropriate written technical data and analysis. 
 

b) Process  
 
For claims of impact to wells related to groundwater level declines, the process to be adopted by 
each GSA’s Mitigation Program may include:  
 

1) an application process by the well owner;  
2) data collection by the GSA to verify the claim;  
3) identification of suitable mitigation; and/or  
4) response to said affected user. 

 
For claims of impact to land uses from land subsidence, the process may include: 
 

1) an application process by the affected party; 
2) data collection by the GSA to verify the claim; 
3) identification of suitable mitigation; and/or 
4) coordination, as necessary, with said affected parties to implement the mitigation. 

 
For claims of impact to groundwater quality that is attributable to pumping allowed by a 
GSA/GSP, the process may include: 
 

1) an application process by the affected party; 
2) data collection by the GSA to verify the claim; 
3) identification of suitable mitigation; and/or 
4) coordination, as necessary, with said affected parties to implement the mitigation. 

 
SGMA requires GSAs and GSPs to measure sustainability from 2015 forward.  As a result, 
GSAs do not necessarily need to provide mitigation for impacts that occurred prior to January 1, 
2015. 
 
For those claims that are shown not to be related to GSP-/GSA-approved or authorized activities, 
the GSA will, to the extent possible, provide assistance to the affected party to identify programs 
for addressing their issue. 
 

c) Investigation  
 
Once a claim of adverse impact has been made to a GSA, whether it be for well, specific land 
use, critical infrastructure or groundwater quality issue(s), the GSA will investigate the claim. 
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d) Qualifications for Mitigation 
 
GSAs may determine whether to provide full or partial mitigation based on a user’s compliance 
with the GSA’s GSP, Rules & Regulations, and other laws or regulations.  For example, a user 
whose own pumping has caused or contributed to overdraft or damage to their own well may not 
qualify for mitigation under the Program.  Further, mitigation will be applied only to those 
claims that are shown to be attributable to GSP-/GSA-approved or authorized activities.  Each 
GSA’s Program will also address how claims that a GSA determines are caused by pumping 
outside the GSA’s boundaries will be addressed.  
 

e) Mitigation 
 
Once a claim of impact has been confirmed to be due to GSP-/GSA-approved or authorized 
activities, the GSA will identify suitable mitigation to alleviate the impact. 
 
For groundwater level impacts, this could be any of the following: 
 

1) Deepening the well; 
2) Constructing a new well;  
3) Modifying pump equipment; 
4) Providing temporary or permanent replacement water;  
5) Coordinating consolidation of the domestic well owner with existing water systems; 

or 
6) With the consent of the affected user, providing other acceptable means of mitigation. 

 
For land use impacts, this could be any of the following: 
 

1) Repair to canals, turnouts, stream channels, water delivery pipelines, and basins; 
2) Repair to damaged wells; 
3) Addressing flood control; 
4) Addressing other damaged infrastructure; or 
5) With the consent of the affected user, providing other acceptable means of mitigation. 

 
For groundwater quality impacts (due to groundwater management/actions), this could be any of 
the following: 
 

1) Adjusting groundwater pumping locations, rates, or schedules; 
2) Modifying project operations; 
3) Providing temporary or permanent replacement water; 
4) Coordinating consolidation with existing water systems; or 
5) With the consent of the affected user, providing other acceptable means of mitigation. 

 
Various factors may reflect the proper mitigation methods for the specific issue.  For example, 
age, location, financial impact to the beneficial user as a result of mitigation, and the beneficial 
user may reflect which mitigation measures are chosen by a particular GSA. 
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f) Outreach 
 
Public outreach and education will be separately performed during development of the 
Mitigation Program and prior to implementation by each GSA.   
 
Prior to implementation, extensive outreach will be needed to notify landowners of each GSA’s 
Program requirements and how they can apply for assistance.  Outreach may need to be 
performed in multiple languages as appropriate for each particular GSA.  Outreach methods 
could include workshops, mailings, flyers, website postings, Board meeting announcements, etc. 
 

g) Program Adoption Schedule  
 
Each GSA will formulate and implement a mitigation claims process for domestic and municipal 
use impacts  by December 31, 2022 and complete all other aspects of the Mitigation Program by 
June 30, 2023.  During Program development, the GSAs will conduct community outreach and 
refer landowners and others to available local programs as well as other resources and funding 
programs from the County, State, or non-profit organizations, including the Tule Basin Water 
Foundation. 
 

h) Mitigation Program Funding Source 
 
Each GSA will develop a funding mechanism for the Program, which is dependent on the specific 
GSA needs for specific expected impacted wells, critical infrastructure, and land uses within each 
GSA.  Funding is anticipated to be available for each GSA’s Mitigation Program through 
implementation of assessments, fees, charges, and penalties.  In addition, the GSAs will explore 
grant funding.  The State has many existing grant programs for community water systems and well 
construction funding.  County, state, and federal assistance will be needed to successfully 
implement the respective Mitigation Programs.  Each GSA may, separately or in coordination with 
other GSAs, also work with local NGOs that may be able to provide assistance or seek grant 
monies to help fund the Program. GSAs may act individually or collectively to address and fund 
mitigation measures.  
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Section 1: Description of District 

District Name:   Pixley Irrigation District         
Contact Name:  Eric Limas        
Title:   General Manager       
Telephone:  (559) 686-4716        
Email:   elimas@ltrid.org       
Web Address:  www.ltrid.org        
 
A. History 

 
1. Date district formed:  1958   Date of First Reclamation Contract:     1975 

Original Size of District: 67,571  Current year (last complete calendar Year:  2010  
 

The Pixley Irrigation District (District) was organized in 1958 pursuant to the California Irrigation District 
Law, Division 11, Sections 20500 through 29975, as amended, of the California Water Code.  The District 
was formed for the purpose of promoting flood control on Deer Creek and to secure a supplemental 
irrigation water supply from the Federal Central Valley Project and other agencies.  This supply was 
needed to sustain and enhance the irrigated agriculture that had developed in the area. 
 
The District’s water supply is derived from the use of groundwater, surface water diverted from Deer 
Creek and surface water diversions from the Sacramento - San Joaquin Rivers delta under a long-term 
water service contract for Central Valley Project water with the U.S. Bureau of Reclamation and the 
State of California. 
 
In 1975, the District sold bonds to purchase a share of the capacity in the Cross Valley Canal in Kern 
County and entered into a three-party contract with the U.S. Bureau of Reclamation and the State of 
California (for wheeling) to provide an additional water supply from the Sacramento River for 31,102 
acre-feet through an exchange for water supplies with the Arvin-Edison Water Storage District (Cross 
Valley Exchange Program).  This contract provided an additional average water supply of approximately 
29,000 acre-feet per year through the first 20 years of contract history. 
 
The District is governed by a board of five directors elected for four-year terms on a staggered basis of 
two and three, at elections held every two years.  The District Board of Directors appoint an Engineer-
Manager, Assessor, Collector, Treasurer, Legal Counsel and Secretary. Pixley Irrigation District shares 
administration, operation and maintenance staff with the Lower Tule Basin Irrigation District.  
 
 
 
 
 
 
 

mailto:elimas@ltrid.org
http://www.ltrid.org/
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2.   Current Size, Population, and Irrigation acres 
       

Current Year 2016 
Size 67,571 
Population Served (Urban Connections) 0 
Irrigated Acres 50,474 

 
3. Water Supplies Received in current Year 

 
Water Source AF 

Size (acres) 67,571 
Population Served (Urban Connections) 0 
Irrigated Acres 50,474 
Federal urban water (Tbl 1) 0 
Federal agricultural water (Tbl 1) 3,791 
State water (Tbl 1) 0 
Other Wholesaler (define) (Tbl 1) 0 
Local surface water (Tbl 1) 5,544 
Upslope drain water (Tbl 1) 0 
District groundwater (Tbl 2)  0 
Banked water (Tbl 1) 0 
Transferred water (Tbl 1) 0 
Recycled water (Tbl 3) 0 
Other (define) (Tbl 1) 0 

Total 9,335 
 

4. Annual entitlement under each right and/or contract 
 

 AF Source Contract # Availability Period(s) 
Reclamation Urban AF/Y 0    
Reclamation Agriculture AF/Y 31,200 CVP 14-06-200-8238A No CVP Wheeling 
Other AF/Y 0     

 
 
5. Anticipated land-use changes 
 
 There are no anticipated land use changes. 
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6. Cropping patterns (agricultural only) 
 

Original Plan (2003) Previous Plan (2011) Current Plan (2016) 
Crop Name Acres Crop Name Acres Crop Name Acres 

Almonds 1,960 Almonds 5,443 Almonds 6,652 
Alfalfa 5,452 Alfalfa 12,160 Pistachios 1,803 
Grapes 2,760 Grapes 4,981 Wheat 16,498 
Silage 9,145 Wheat  3,299 Barley 2,519 
  Corn 22,152 Sorghum* 7,382 
  Sudan 984 Silage* 8,226 
  Cotton 2,920 Cotton 38 
    Beans 100 
    Pecans 20 
    Grapes 3,579 
    Alfalfa 3,657 
      
Other (<5%)  Other (<5%)  Other (<5%)  
Total 19,317 Total 53,274 Total 50,474 

*Double Cropped 
(See Planner, Chapter 2, Appendix A for list of crop names) 
 
Although there is a large difference in cropped acres between the current plan and the plan in 2003, 
the actual increase in the District is not as drastic.  The District’s method of data collection changed 
around 2010. Prior to 2010 the method was to ask growers their cropped acreage information 
thinking that growers would reliably provide the requested information.  Not all growers reported 
cropped acreage back to the District during this time, so information in the 2003 report reflects only 
a partial reporting of cropped acres.  2010 information is based on land use surveys completed by 
the California Department of Water Resources and provides a more complete view of the cropping 
in the District. 2016 data is from the District Crop Report. 
 

7. Major irrigation methods (by acreage) (Agricultural only) 
 

Original Plan (2003) Previous Plan (2011) Current Plan (2016) 
Irrigation Method Acres Irrigation Method Acres Irrigation Method Acres 

Level basin  Level basin  Level basin  
Furrow 12,377 Furrow 25,474 Furrow  
Sprinkler 500 Sprinkler 478 Sprinkler  
Low-volume 3,052 Low-volume 11,321 Low-volume  
Flood  Flood  Flood 12,178 
Boarder Strip  Boarder Strip 16,000 Boarder Strip 1,320 
Drip  Drip  Drip 23,161 
Micro  Micro  Micro 13,786 
Other 15,822 Other  Other  32 
Total 31,751 Total 53,273 Total 50,474 
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The value for irrigated acres in 2010 is noticeably larger than the value of cropped acres in 2003, the 
reason for this is unknown as values were copied from the previous report.  Initially it was thought this 
discrepancy was due to grower double cropping.  Double cropping, however does not account for this 
large difference in acreages.  There was a note in the 2003 report that irrigated acres came from the 
1996 report.  As previously mentioned, 2010 information is based on land use surveys completed by the 
California Department of Water Resources, includes double cropping and provides a more complete 
view of the cropping in the District.   2016 data is based on information submitted by farmers to the Tule 
Basin Water Quality Coalition. 

 

B.   Location and Facilities  
 

See Attachment A for a map that shows the general location of the District within Tulare County, CA.  
See Attachment B for a map of District surface water conveyance facilities (creeks, canals and basins).  
The measurement facility for all channelized surface water flowing into the District is labeled on this 
map as Trenton Weir in Deer Creek.  On the west side of the District Deer Creek continues past 
Highway 43, which is the location where the District views surface water is past their ability to divert. 

 
See Attachment C for a map of NRCS Soils within the District.  See Attachment B for a map of District 
turnout, control structures and measurement locations. The District does not own or operate any 
groundwater wells; however, they do regularly monitor groundwater levels in privately owned wells.  
See Attachment D for a map of the Deer Creek and Tule River Authority’s (DCTRA) groundwater level 
monitoring network that covers the District.  The District does not have any water quality monitoring 
locations. 
 
The District includes approximately 69,571 acres of land, situated in the south-western part of Tulare 
County on the east side of the San Joaquin Valley.  State Highway 99 bisects the District in a north-
south direction and Deer Creek flows westerly through the entire length of the District.  The Friant-Kern 
Canal is located from one to five miles east of the District’s east boundary.  The town of Pixley lies 
within the boundaries of the District, but for the most part is excluded from the District.  The general 
location of the District is shown on Plate 1.  The specific boundary of the District is presented in Plate 2. 

 
The District has approximately 166 farm service outlets.  Water delivery measurements are performed 
by means of calibrated slide gates (meter gates). 
 
The District does not have any groundwater extraction facilities; therefore, each landowner must 
provide his own well(s) to sustain irrigation during periods when the District does not have surface 
water available. 
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1. Incoming flow locations and measurement methods 
 

Location Name Physical 
Location 

Type of Measurement Accuracy 

Deer Creek Wasteway from FKC  Broad Crested Weir ± 4 % 
East Main Canal  Parshall Flume ± 5 % 
Harris Ditch  Parshall Flume ± 5 % 
West Main Canal  Parshall Flume ± 5 % 

 
2. Current year Agricultural Conveyance System 

 
The District’s entire distribution system is unlined earth canals with CMP pipe or reinforced concrete 
control structures.  Local financing by District landowners has been used for the construction of the 
distribution system.  Collectively, the District owns or controls approximately 45 miles of earthen 
manmade canals in addition to the Deer Creek channel.  The District delivers water from the Friant-
Kern Canal through Deer Creek to District diversion structures in Deer Creek.  The District’s distribution 
system is shown on Attachment B.  All of the District’s distribution system also functions as their 
recharge facilities the 15 miles noted in the “Other” category accounts for the Deer Creek channel that 
is used to deliver surface water to District diversion locations.  Currently the District facilities provide 
surface water delivery to approximately 27,510 acres within the District. The remaining farmed acres 
within the district are under severed by surface water and rely on groundwater extraction. 

 
Miles Unlined - Canal Miles lined - Canal Miles Piped Miles - Other 

45 None None Deer Creek - 15 
 
3. Current year Urban Distribution System 

 
Miles AC- Pipe Miles Steel - pipe Miles Cast Iron Pipe Miles - Other 

N/A N/A N/A N/A 
 
4. Storage facilities (tanks, reservoirs, regulating reservoirs) 
 

Name Type Capacity (AF) Distribution or Spill 
School Pit (E) Earth Embankment 150 Spill Capture 
South Pit (E) Earth Embankment 50 Spill Capture 
Harris Pit (E) Earth Embankment 25 Spill Capture 
Michelle Pit No. 1 (E) Earth Embankment 150 Distribution 
Hesse Pit (E) Earth Embankment 200 Spill Capture 
Valov Pit (E) Earth Embankment 200 Spill Capture 
West main/Shop Pit (E) Earth Embankment 50 Distribution 
Michelle Pit No.3 (E) Earth Embankment 200 Distribution 
Berenda-Mesa Pit (E) Earth Embankment 150 Spill Capture 
Ave. 116 Lateral (E) Earth Embankment 200 Spill Capture 
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DEID-PIXID 
Groundwater Bank 
Basins (P) 

Earth Embankment 3,200 Spill Capture 

E) = Existing; (P) = Proposed 
 
DEID-PIXID Ground water Bank Basin is still in the CEQA/NEPA environmental documents phase.  
 
5. Description of the agricultural spill recovery system and outflow points 

 
The District employs terminal basins in some location to capture spill from the District’s distribution 
system, but these facilities then recharge the spill to local groundwater.  In other words, the water that 
enters these facilities cannot be delivered back to other parts of the system. 

 
6. Agricultural delivery system operation (check all that apply) 
 

Scheduled Rotation Other (Describe) 
100%   

 
7. Restrictions on water source(s) 

 
Source Restriction Cause of Restriction Effect on Operations 

CVP Availability Pumping from 
Sacramento-San 
Joaquin Rivers Delta 

Increase in groundwater 
pumping and purchases from 
other contractors 

CVP Availability Reduced available 
surplus water supplies 
due to San Joaquin 
River Restoration 
Settlement 

Increase in groundwater 
pumping and purchases from 
other contractors 

Deer Creek Availability  Variable water supply 
depending on water 
year 

Increase in groundwater 
pumping and purchase from 
other contractors 

 
8. Proposed changes or additions to facilities and operations for the next 5 years  

 
The District has completed a System Optimization Review Study that evaluated PIXID’s available 
resources and potential projects that could be undertaken in the next five years.  Through this effort to 
rank project alternatives based on benefits and costs, two projects listed in previous water management 
plan above were shown to be superior to other potential alternatives.    
 
The Avenue 116 Lateral Project would be a cooperative project with Lower Tule River ID and would 
utilize LTRID’s Casa Blanca Canal to deliver water to a new service area in PIXID through a connecting 
intertie and a new earthen lateral canal.  This project would allow PIXID to avoid seepage losses that 
would otherwise be suffered through conveyance in Deer Creek.  This avoided seepage allows the 
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District to deliver and sell much more than it could otherwise. The District finished constructing a new 
pipeline extension of the Avenue 116 in March of 2015. 
 
The DEID-PIXID Groundwater Bank Project would develop a new bank with the ability to return up to 
30,000 acre-feet per year to banking parties.  The banking facility would be developed within PIXID along 
Deer Creek and DEID would be a partner in the facilities development so that they would have access to 
both a significant amount of the available banked. storage and the revenues generated from the bank.  
PIXID would potentially gain a stable revenue stream for the development of new District surface water 
delivery facilities and the leave behind percentage of banked supplies that would benefit local 
groundwater conditions is 10%.  DEID Pixley Groundwater Bank Basins is still in the environmental 
documents phase. This project is estimated to be complete in 2019.  
 
C. Topography and Soils 
 
1. Topography of the district and its impact on water operations and management 
The District is situated on the eastern floor of the San Joaquin Valley, approximately six miles west of the 
Sierra Nevada foothills.  The District lies on and adjacent to the Deer Creek alluvial fan with a small area 
in the northwestern part of the District lying on the Old Tulare Lake bed.  The surface slopes gently east 
to west from eight feet per mile on the east to five feet per mile near its western boundary.  Maximum 
elevation is 415 feet above sea level on the east and the minimum elevation is 195 feet near its western 
boundary. 
 
2. District soil association map (Agricultural only)  
 

Soil Association Estimated Acres Effect on Water Operations and Management 
Akers loam 16,707.7 Well drained, neg. runoff, saline-sodic phases 

moderately slow permeability 
Hanford loam 11,904.4 Well drained, neg. runoff, moderately rapid 

permeability 
Gambogy-Giggriz 7,312 Poorly drained, moderately slow permeability 
Gareck-Garces 5,118.7 Well drained, moderately slow permeability 
Gambogy loam 4,666.9 Poorly drained, moderately slow permeability 
Crosscreek loam 4,209.0 Well drained, moderately slow permeability above 

duripan, very slow below 
Lethent loam 3,837.8 Moderately well drained, slow to very slow 

permeability 
Colpien loam 3540.9 Moderately well drained, moderately slow 

permeability 
Biggiz loam 2,456.8 Somewhat poorly drained, moderately slow 

permeability 
Kimberlina loam 2,342.4 Well drained, moderate to moderately rapid 

permeability, saline-sodic phases moderately slow 
permeability 

Tagus loam 2,065.0 Well drained, moderate permeability 
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Flamen loam 1,141.7 Moderately well drained, moderate permeability 
above duripan slow permeability in duripan 

Houser clay 944.8 Somewhat poorly drained, very slow permeability 
Exerter loam 775.6 Moderately well drained, moderately slow 

permeability above druipan very slow in duripan 
Gepford clay 465.5 Poorly drained, ponded in areas, very slow 

permeability 
Yettem loam 392.5 Well drained, moderately rapid permeability 
Armona loam 386.7 Poorly drained, moderately slow to slow 

permeability due to sodicity and stratification 
Excelsior loam 338.5 Well drained, moderate to slow permeability, slow 

permeability in saline-sodic horizons 
Nord loam 337.5 Well drained, moderate permeability, moderately 

slow in saline-sodic phases 
Centerville clay 156.3 Well drained, slow permeability 
Nahrub loam 119.6 Somewhat poorly drained, very slow permeability, 

ponding can occur 
Calgro loam 96.0 Moderately well drained, moderate permeability 

above duripan, very slow in duripan, rapid below 
duripan 

Posochanet loam 60.9 Moderately well drained, slow permeability 
Youd loam 48.6 Somewhat poorly drained, moderately slow 

permeability above duripan, slow to very slow in 
duripan 

Tujunga sanda 38.5 Excessively drained, rapid permeability 
 
See Attachment C for a map of NRCS Soils within the District 
 
3. Agricultural limitations resulting from soil problems (Agricultural only) 

 
Soil Problem Estimated Acres Effect on Water Operations and Management 

Salinity 0 N/A 
High-water Table 0 N/A 
High or low infiltration rates 0 N/A 
Other (define) 0 N/A 

*Note Growers within the district do not report limitations from soil problems 
 

Although historic documents for the District note that there were saline and alkaline lands within the 
District, much successful reclamation of these lands has taken place and currently there are no lands in 
the District that are viewed as being impaired.  It would appear that with proper reclamation the soils in 
the District are now well drained and that there is not a shallow confining clay layer that causes shallow 
groundwater.  This geologic feature appears to the west of the District and does not limit the use of 
lands within the District. 
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D. Climate 
 
1. General climate of the district service area 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Avg 
Precip. 

1.94 1.69 1.74 1.02 0.43 0.07 0.01 0.01 0.16 0.49 0.97 1.62 10.16 

Avg 
Temp. 

44.3 48.7 54.4 57.8 66.8 73.6 79.4 76.5 71.4 61.1 50.4 44.9 60.9 

Max 
Temp. 

58 65 75 77 91 92 98 96 92 48 70 60 98 

Min 
Temp. 

28 33 38 40 46 53 61 57 52 45 22 32 28 

ETo 1.15 1.90 3.59 4.74 6.79 7.63 7.90 7.13 5.31 3.35 1.76 1.11 52.36 
 
 Weather station ID: CIMIS Porterville 169  Data Period: 2000 to 2016  
 Average Wind Velocity: 3.0     Average annual frost-free days: 225  
 
The climate in the area served by the Pixley Irrigation District (District) is representative of that of the 
entire San Joaquin Valley.  During the summer months the days are generally hot and dry with daytime 
temperatures typically exceeding 90 degrees Fahrenheit and during the winter months the days are 
generally mild and damp with daytime temperatures typically averaging 45 degrees Fahrenheit.  The 
mean annual temperature at Porterville, located approximately 10 miles east of the District, is 60.9 
degrees Fahrenheit.  The average minimum and maximum temperatures are 41.2 degrees and 78.5 
degrees Fahrenheit, respectively. 
 
The average seasonal rainfall for the District area is 10.16 inches, based on records published by the 
California Irrigation Management Information System for the recording station in Porterville.  The rain 
falls principally during the November through April period.  The average annual evaporation for the area 
is 52.4 inches with the greatest evaporation occurring during the months of May, June, July and August. 
 
2. Impact of microclimates on water management within the service area  

 
Microclimates are not a significant factor in the Pixley ID. 
 
E. Natural and Cultural Resources 
 
1. Natural resource areas within the service area 
 

Name Estimated Acres Description 
None None N/A 
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2. Description of district management of these resources in the past or present
None.

3. Recreational and/or Cultural resources areas within the service area

Name Estimated Acres Description 
None None N/A 

F. Operating Rules and Regulations

1. Operating rules and regulations

See Appendix B for the District’s Water Policy and Operations document. 

2. Water allocation policy

As per the California State Water Code, the District allocates water to growers based on irrigated 
acreage.  However, in this allocation there is always consideration of the federal Reclamation Reform 
Act given that much of the surface water delivered by the District is from Federal projects and through 
Federal facilities.  Generally, there is greater demand for surface water than the District can supply, so 
requests for water are provided on a first come first serve basis.  Allocation of water is made uniformly 
throughout the District’s surface water service area, except where capacity constraints occur.  In some 
cases, canal prorate requirements may apply. 

3. Official and actual lead times necessary for water orders and shut-off

See Appendix B for the District’s Water Policy and Operations Document. 

Water orders for both turn on and off must be placed 24 hours in advance with the District office.  
Water orders need to be placed by 9:00 a.m. to be effective for the following day.  Water orders for 
Sunday or Monday by 9:00 a.m. need to be placed on the preceding Saturday. 

4. Policies regarding return flows (surface and subsurface drainage form farms) an outflow

Tailwater recovery systems are encouraged. Growers in the District utilize recapture and regulation 
ponds to recirculate water after it passes through their system. Similarly, The District also utilizes 
regulation basins to capture any excess water in the canal system.  The District will discontinue delivery 
of water if wasteful use occurs.  Growers are not allowed to pump tailwater back into the Pixley ID 
canal system. District staff has regularly communicated this policy to growers over the last several years 
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through regular mailers.  The District encourages landowners to notify the district if they do not want, or 
cannot use their allocation for the year, the District will then re-allocate proportionally to all 
landowners. 
 
5. Policies on water transfers by the district and its customers 
 
The District has no policies permitting transfers.  
 
G. Water Measurement, Pricing, and Billing 
 
1. Agricultural Customers  

a. Number of farms  94  
b. Number of delivery points (turnouts and connections)  166  
c. Number of delivery points serving more than one farm  3  
d. Number of measured delivery points (meters and measurements)  166  
e. Percentage of delivered water that was measured at a delivery point  100  
f. Delivery point measurement device table 

 
Every user has a different turnout and account number, even if the physical turnout is the same turnout.  
When a user calls in to place an order on a share turnout, the order is placed under his or her unique 
turnout and account number. There is no official policy.  
 
  

Measurement 
Type 

Number Accuracy 
 (+/-%) 

Reading 
Frequency 

Calibration 
Frequency 
(Months) 

Maintenance 
Frequency 
(Months) 

Orifices      
Propeller Meter      
Weirs      
Flumes      
Venturi      
Metered gates 166 ± 4 Daily 12 12 
Acoustic 
Doppler 

     

Other (define      
Total       

 
2. Urban Customers   (This section not applicable) 

 
a. Total number of connections none.  
b. Total number of metered connections  None.  
c. Total number of connections not billed by quantity None.   
d. Percentage of water that was measured at delivery point None.  
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e. Percentage of delivered water that was billed by quantity None.  
f. Measurement device table   N/A 

 
3. Agriculture and Urban Customers 

 
a. Current year agricultural and/ urban water charges- including rate structures and billing 

frequency 
 

See Appendix B for the District’s Water Policy and Operations document. 
 
The District charges for water by quantity (acre-foot), at a uniform rate.  The charges are set on an 
annual basis by resolution of the Board of Directors.  The primary considerations by the Board of 
Directors in setting water charges are hydrologic conditions, seasonal considerations, status of District 
reserves, and price of available waters.  In the current year the District set a rate of $25 per acre-foot in 
February - March, a rate of $40 per acre-foot in April and a summer rate of $150 per acre-foot.    
 

b. Annual charges collected from customers (current year data) 
 

Fixed Charges  
Charges ($ unit) Charge unit 

($/acre) ($/customer) etc. 
Units billed during year 
(acres, customer) etc. 

$ collected  
($ times units) 

$12.55 $/acre 60,430.62 $758,404.28 
    

 
Volumetric Charges  
Charges ($ unit) Charge unit 

($/AF) ($/HCF) etc. 
Units billed during year 

(AF, HCF) etc. 
$ collected  

($ times units) 
$150 ($/AF) 4,673 $700,950 

    
 
See Appendix C for an example of a District Sample Bill.  The bill clearly shows how much water was 
used and that it is billed on a volumetric basis.  The District can provide extra copies of the bills for the 
past several years upon grower request. 
 

c. Describe the contractor’s record management system 
 

Water measurements are taken on a daily basis by each water systems operator (ditchtender).  They are 
relayed to District office staff, summarized and billed to each water user on a monthly basis.  Any 
discrepancy must be addressed with the District.  The District currently uses TruePoint water accounting 
software. 
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H. Water Shortage Allocation Policies 
 
1. Current year water shortage policies or shortage response plan – specifying how reduced water 

supplies are allocated 
 
The District does not have sufficient surface water resources to deliver amounts close to what crops 
require throughout the year. Therefore, all growers in the District also have groundwater wells that rely 
heavily on groundwater resources. The primary component of the District’s water shortage response 
plan is its method of communication with District growers regarding the developing surface water 
supplies through the year and the reliability of groundwater resources. 
 
2. Current year policies that address wasteful use of water and enforcement methods.  
 
The District has no current year policy that supplements the general policy.  Based on the general policy, 
it is the responsibility of the farm operator to manage their water supply after it is taken from the 
District facilities.  Growers in the District utilize recapture and regulation ponds to recirculate water after 
it passes through their system. Similarly, The District also utilizes regulation basins to capture any excess 
water in the canal system. 
 
I. Evaluate Policies of Regulatory Agencies Affecting the Contractor and Identify Policies 

that Inhibit Good Water Management 
 
The District lies within the Tule Subbasin, defined by the California Department of Water Resources as a 
critically overdrafted basin.  To remediate this, in 2014 the State of California passed the Sustainable 
Groundwater Management Act (SGMA), which regulates the use of groundwater in the State of 
California. As part of the SGMA process the District has determined that imported surface water should 
be allocated to landowners on an annual basis. The goal is to allow equal and proportional access of 
imported surface water to all landowners in the District. 
 
The District will update this policy as conditions warrant, based on operational and policy issues 
identified as the policy is implemented.  
 
 
 
 
 
 
 
 
 
 
 
 



Pixley Irrigation District Water Management 

 

14 
 

 
Section II: Inventory of Water Resources 
 
A. Surface Water Supply 
 
1. Surface water supplies in acre feet, imported and originating within the service area, by month 

 
See Appendix A – Water Inventory Tables, Table 1 (2016) 
 
Local Surface water in the district is derived from Deer Creek  

 
2. Amount of water delivered to the district by each of the district sources for the last 10 years 

 
See Appendix A – Water Inventory Tables, Table 8 

 
B. Groundwater Supply 

 
1. Groundwater extracted by the district and delivered 

 
See Appendix A – Water Inventory Tables, Table 2 
 
2. Groundwater basin(s) that underlie the service area 
  

Name Size (Square Miles) Usable Capacity (AF) Safe Yield (AF/Y) 
Tule Sub-basin 733 14.6 M Unknown 
    

 
The Tule Subbasin, one of the seven subbasins within the Tulare Lake Basin and covers approximately 
467,000 acres and is described by the California Department of Water Resources Bulletin 118 as; 
 

 “The Tule Groundwater Subbasin is generally bounded on the west by the Tulare County line, 
excluding those portions of the Tulare Lake Basin Water Storage District and Sections 29 and 30 of 
of Township 23 South, Range 23 East, that area west of homeland canal. The northern boundary of 
the basin follows the norther boundaries of Lower Tule River Irrigation District and Porterville 
Irrigation District and the southern boundary of the Lindmore Irrigation District. The eastern 
boundary is at the edge of the alluvium, and the southern boundary is the Tulare-Kern County line.” 
 

The DWR describes the geology of the groundwater basin in their Bulletin 118 report as; 
 
“The sediments that comprise the subbasin's aquifer are continental deposits of Tertiary and 
Quaternary age (Pliocene to Holocene). These deposits include flood-basin deposits, younger 
alluvium, older alluvium, the Tulare Formation, and continental deposits undifferentiated. The 
flood-basin deposits consist of relatively impermeable silt and clay interbedded with some 
moderately to poorly permeable sand layers that interfinger with the younger alluvium. These 
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deposits are probably not important as a source of water to wells but may yield sufficient supplies 
for domestic and stock use. The younger alluvium is a complex of interstratified and discontinuous 
beds of unsorted to fairly well sorted clay, silt, sand, and gravel, comprising the materials beneath 
the alluvial fans in the valley and stream channels. Where saturated the younger alluvium is very 
permeable, but this unit is largely unsaturated and probably not important as a source of water to 
wells. The older alluvium consists of poorly sorted deposits of clay, silt, sand, and gravel. This unit is 
moderately to highly permeable and is a major source of water to wells. The Tulare Formation 
consists of poorly sorted deposits of clay, silt, sand, and gravel derived predominately from the 
Coast Ranges. It contains the Corcoran Clay Member, the major confining bed in the subbasin. The 
formation is moderately to highly permeable and yields moderate to large quantities of water to 
wells. The continental deposits undifferentiated consist of poorly sorted lenticular deposits of clay, 
silt, sand, and gravel derived from the Sierra Nevada. The unit is moderately to highly permeable 
and is a major source of ground water in the subbasin.” 

 
The total Storage capacity of the subbasin is estimated at 14.6 million acre feet to a depth of 
300 ft. according to the DWR as of 1995. Groundwater flow through the basin is generally 
westward 
 
3. Map of district-operated wells and managed groundwater recharge areas 

 
See Attachment B for a map of Groundwater Monitoring Facilities within the District 
 
The District does not own any groundwater extraction wells.  See Appendix A – Water Inventory Tables, 
Table 2. 
 
4. Description of conjunctive use of surface and groundwater 

 
The District overlays two extensive and usable groundwater aquifers.  The upper unconfined aquifer is 
above the well documented Corcoran "A" Clay layer and is very receptive to recharge from locations 
throughout the District and extending east into the foothills of the Sierra Nevada Mountains.  The lower 
aquifer is confined under the Corcoran Clay and can most effectively be recharged from areas east of 
Highway 99. 
 
On average, approximately 25,000 acre-feet of surface water per year has been brought into the 
District's service area since the beginning of District operations.  These highly variable supplemental 
water supplies have, however, required the District to develop and operate a conjunctive use water 
management program.  The District owns, or has access to by agreements, approximately 278 acres of 
sinking/re-regulation basins within the District boundaries.  These basins, along with the Deer Creek 
channel and the District's canals, are used for direct groundwater recharge when surface water supplies 
are available.  The depth to groundwater for the past ten years has averaged 124.0 feet over the District.  
It is estimated that a third of the water imported by the District has been directly recharged into the 
underground reservoir by District operations since the District's inception. 
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5. Groundwater Management Plan 
 
The District is a participant in the Deer Creek and Tule River Authority (DCTRA).  This seven-member 
joint powers authority collectively has a groundwater management plan to which all members agencies 
are a part.  See Appendix D for the DCTRA Ground Water Management Plan. 
 
The DCTRA’s Groundwater Management Plan was originally developed and adopted in March 1995 
under the provisions of California State Assembly Bill (AB) 3030.  This plan was later updated to be 
compliant with California State Senate Bill (SB) 1938 in July 2006. 
 
6. Groundwater Banking Plan 

 
The District does not have a formal groundwater banking plan at this time.  However, the District has 
investigated the potential for groundwater banking within the District.  The District currently is pursuing 
a project with Delano-Earlimart ID to develop a groundwater bank within the District along Deer Creek.  
The project is in the CEQA/NEPA environmental documents phase.  The project is projected to be 
complete in 2019.  
 
Beyond this effort the District has considered developing a much larger groundwater bank to take 
advantage of the large cone of depression caused by groundwater pumping in the District. 

 
C. Other Water Supplies 
 
1. “Other” water sued as part of the water supply – Describe Supply 

 
See Appendix A – Water Inventory Tables, Table 1  (2016) 
 
D. Source Water Quality Monitoring Practices 

 
1. Potable water quality (Urban only) 

 
The current groundwater quality within the District is understood to be of excellent quality. However, 
the District does not own any groundwater wells and therefore does not collect groundwater quality 
information 
 
2. Agricultural water quality concerns:   Yes         No   X  

 
 

3. Description of the agricultural water quality testing program and the role of each participant, 
including the district, in the program 
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Pixley ID does not have its own surface water quality monitoring program. However, one (1) separate 
water quality monitoring program has historically been in place.  This program has developed a history 
of water quality sampling events and test results and is still conducted by specific water contractors.  As 
the conducting entity is a public agency, the developed information is part of the public domain and is 
thus available to each of the contractors diverting water from the Friant-Kern Canal.  While this program 
is principally designed to address domestic water quality program issues, the generated data covers all 
of the constituents of concern related to agricultural uses. This information is available upon request 
through the Friant Water Authority (FWA). The District directs growers to the FWA if they ask for water 
quality information.  
 
The Department of Health Services (DHS) has approved a monitoring program specific to four (4) 
permitted water systems diverting raw water from the Friant-Kern Canal.  The testing frequency is 
designed to assure compliance with state and federal drinking water quality programs and thus is more 
than sufficient to insure an adequate testing frequency for agricultural concerns. 
 
The District participated in the Southern San Joaquin Water Quality Coalition on behalf of its growers for 
compliance with State Water Resource Control Board's agricultural discharge permitting.  This coalition 
tests water quality in a monitoring network across a large area to develop information to show that 
there are no issues of concern in smaller local areas. http://www.ssjwqc.org/ 
 
4. Current water quality monitoring programs for surface water by source 

Analyses Performed Frequency Concentration Range Average 
Title 22 Standard 
Compliance 

Monthly  As per state 
requirements 

Well below State 
MCLs* 

    
    

*MCLs available at https://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/ 
Current water quality monitoring programs for groundwater by source 

Analyses Performed Frequency Concentration Range Average 
None.    
    
    

 
E. Water Uses Within the District 
 
1. Agricultural 

 
See Appendix A – Water Inventory Tables, Table 5 – Crop Water Needs 
 
2. Types of irrigation systems used for each crop in current year 
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Crop Name Total 

Acres 
Drip  Other  Boarder 

Strip 
Sprinkler  Low 

Volume  
Micro 

Sprinkler  
Flood 

Wheat 16,498 4,320      12,178 
Silage* 8,226 8,226       
Sorghum* 7,382 7,036     346  
Alfalfa 3,657      3,657  
Barley 2,519   1,320   1,199  
Beans 100      100  
Grapes 3,579 3,579       
Almonds 6,652      6,652  
Pistachios 1,803      1,803  
Pecans 20  20      
Cotton 38      38  
Total  23,161 38 1,320   13,795 12,178 

* Double Cropped 
3. Urban use by customer type in current year 

 
Customer Type Number of Connections AF 

Single-family   
Multi-family   
Commercial   
Industrial   
Institutional   
Landscape Irrigation   
Wholesale   
Recycled   
Other (specify)   
Unaccounted for   
Total Not Applicable  

 
4. Urban Wastewater Collection/Treatment Systems serving the service area 

Treatment Plant Treatment Level (1, 2, 3) AF Disposal to/Uses 
Not Applicable   

    
Total Discharged into ocean and/or saline sink   

 
5. Groundwater recharge in current year 

Recharge Area Method of Recharge AF Method of Retrieval 
 Recharge Basins 2,154  
 Channel Losses 2,509  
  4,663  
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6. Transfers and exchanges into the service area in current year 
From Whom To Whom AF Use 

LTRID  PIX ID 20,000 URF 
PID PIX ID 10,000  Class 1 
LTRID  PIX ID 30,000 Class 2 
LTRID PIX ID 3,060 2016 Class 1 C/O 
DEID  PIX ID 4,000 Class 1 
TID PIX ID 2,000 Class 1 
LTRID PIX ID 20,000 Class 2 

 
7. Transfers and exchanges out of the service area in current 

From Whom To Whom AF Use 
PIX ID Bereneda Mesa WSD 1,555  
PIX ID BWSD 2,000  
PIX ID RRBWSD 16,887  

 
8. Wheeling, or other transactions in and out of the district boundaries 

From Whom To Whom AF Use 
N/A    
    
    

 
9. Other uses of water 

Other Uses AF 
Not Applicable  
  
  

 
F. Outflow from the District  

 
See Attachment B, Map of District Boundary and Distribution Facilities, for the location of District 
facilities.  The District’s only surface water outflow point is where Deer Creek flows past Highway 43 on 
the west edge of the District.  The District does not have subsurface outflow points or outflow water-
quality testing locations (see Appendix A – Water Inventory Tables, Table 7). 
 
In reference to Appendix B, the District acknowledges that it is listed as a drainage problem area within 
the listed Tulare subarea.  However, the area identified in “A Management Plan for Agricultural 
Subsurface Drainage and Related Problems on the Westside San Joaquin Valley  (09/’90)”, being the far 
west edge of the District has not been viewed as a drainage problem area by the District.  These lands 
are currently in agricultural production, without drainage water collection systems, and are producing 
consistently with other lands in the District.  No drainage water is being produced by these lands and 
therefore it also does not flow from these lands.  The District’s belief is that historically this area had 
soils that did not drain well and they were identified as potentially problematic if they were ever 
irrigated.  However, as this area has been developed and reclaimed soil amendments have increased the 
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permeability of the soils and growers have found that there is not a confining clay layer in this area that 
would cause shallow groundwater.  Instead the depth to water in the area is more than 100 feet.  For 
this reason the District will not be implementing any of the six recommended water conservation 
programs to improve conditions in identified drainage problem area.  The District does not collect any 
groundwater quality information. 
 
1. Surface and subsurface drain/outflow 

 
Deer Creek is a natural channel that flows from east to west through the southern third of PIXID.  In 
most cases surface water in Deer Creek is fully diverted by PIXID for irrigation and/or recharge purposes.  
However, there are sometimes when downstream water purveyors schedule delivery of surface water 
from the Friant-Kern Canal while PIXID is delivering water in order to coordinate irrigation runs (usually 
Alpaugh ID or Atwell Island ID).  Generally, this scheduled delivery of purchased surplus surface water is 
the only regular outflow from the District.  In very wet years there is the possibility that Deer Creek 
runoff may exceed PIXID’s irrigation and recharge demand.  In these rare times, excess water in Deer 
Creek makes it past District diversion points and can be diverted by downstream water purveyors or 
may eventually flow into the Tulare Lake Bed. 

 
Outflow 

Point 
Location Description AF Type of 

Measurement 
Accuracy 

(%) 
% of total 
outflow 

Acres 
drained 

 Deer Creek at Road 88 
Dam 

 Chart Recorder 
over weir 

5 100 N/A 

       
       

 
Outflow Point Where the outflow goes (drain, river, or other location) Type Reuse (if Known) 
 Deer Creek flow to Alpaugh or Atwell Island ID Irrigation 
 Deer Creek flow to Tulare Lake Bed Floodwater (rare) 
   

 
2. Description of the outflow (surface and subsurface) water quality testing program and the role 

of each participant in the program 
 

The District does not test the water quality of water flowing out the District.  As was described in the 
previous section, the waters that flow past the District in the Deer Creek channel are either run-off from 
the Deer Creek watershed beyond the District’s ability to divert or it is scheduled Friant Division CVP 
water for downstream water purveyors.  These supplies are not surface drainage, subsurface drainage 
or spill. 
 
3. Outflow (surface drainage & Spill) Quality Testing Program 

 
Analysis Performed Frequency Concentration Range Average Reuse Limitation? 

Not Applicable     
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Outflow (Subsurface drainage) Quality Testing Program 
 

Analysis Performed Frequency Concentration Range Average Reuse Limitation? 
Not Applicable     

 
4. Provide a brief discussion of the District’s involvement in the Central Valley Regional Water 

Quality Control Board programs or requirements for remediating or monitoring and 
contaminants that would significantly degrade water quality in the receiving surface water. 

 
The District is not responsible for groundwater remediation or contaminant plume management, and 
therefore they are not involved directly in any Central Valley Regional Water Quality Control Board 
programs.  Those responsibilities are assigned to other agencies such as cities, counties, the USEPA or 
California Department of Toxic Substances Control.  The District is a part of the Southern San Joaquin 
Water Quality Coalition (SSJWQC).  This coalition’s efforts are to monitor surface water quality and 
report to the Regional Board.  Although the District is a part of the coalition, it does not do any 
groundwater quality monitoring nor does it receive the data collected by the coalition.  Also, the District 
is not involved with the Regional Board’s ag waiver program as that is viewed as the responsibility of 
individual landowners.  PIXID tries to stay informed of contaminant plumes and their management and 
remediation within District boundaries.  Surface water quality information for a few testing locations in 
local rivers is summarized in an annual report generated by the SSJVWC and can be requested from the 
SSJVWC Coordinator.   
 
Contact information by which the SSJWQC Coordinator can be reached:  
Kings River Conservation District  
4886 East Jensen Avenue  
Fresno, CA 93725  
(559) 237-5567  
http://www.krcd.org/ 
 
G. Water Accounting (Inventory) 
 
1. Water Supplies Quantified 

a. Surface water supplies, imported and originated within the service area, by month 
(Appendix A, Table 1) 

b. Groundwater extracted by the district, by month (Appendix A, Table 2) 
c. Effective precipitation by crop (Appendix A, Table 5) 
d. Estimated annual groundwater extracted by non-district parties (Appendix A, Table 2) 
e. Recycled urban wastewater, by month (Appendix A, Table 3) 
f. Other supplies, by month (Appendix A, Table 1) 

 
 

http://www.krcd.org/
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2. Water Used Quantified 
a. Agricultural conveyance losses, including seepage, evaporation, and operational spills in canal 

systems (Appendix A, Table 4) or 
Urban leaks, breaks and flushing/fire uses in piped systems (Appendix A, Table 4) 

b. Consumptive use by riparian vegetation or environmental use (Appendix A, Table 6) 
c.    Applied irrigation water – crop ET, water used for leaching/ cultural practices (e.g. frost 

protection, soil reclamation, etc.) (Appendix A, Table5) 
d. Urban water use (Appendix A, Table 6) 
e. Groundwater recharge (Appendix A, Table 6) 
f.    Water exchanges and transfers and out-of-district banking (Appendix A, Table 6) 
g.    Estimated deep percolation within the service area (Appendix A, Table 6) 
h. Flows to perched water table or saline sink (Appendix A, Table 7) 
i.    Outflow water leaving the district (Appendix A, Table 6) 
j.    Other 

 
3. Overall Water Inventory 

a. Appendix A, Table 6 
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Section III: Best Management Practices for Agricultural Contractors 
 
A. Critical Agricultural BMPs 
 
1. Measure the volume of water delivered by the district to each turnout with devices that are 

operated and maintained to a reasonable degree of accuracy, under most conditions, to +/- 6% 
a. Number of delivery points (turnouts and connections)  166  
b. Number of delivery points serving more than one farm  3   
c. Number of measured delivery points (meters and measurement devices)  166  
d. Percentage of water delivered to the contractor that was measured at a delivery point 

 100  
e. Total number of delivery points not billed by quantity     
f. Delivery point measurement device table    

 
Measurement 

Type 
Number Accuracy (t/-%) Reading 

Frequency 
(Days) 

Calibration 
Frequency 
(Months) 

Maintenance 
Frequency 
(Months) 

Pump or gravity 166 ± 4 % 2 times per 
day 

At request of 
water users 

Handled by 
water users 

      
      
      
      
      
      
      
      

 
2. Designate a water conservation coordinator to develop and implement the Plan and develop 

progress reports 
 
Name:    Dain Vink      
Address:   357 East Olive Avenue, Tipton CA  93272     
Telephone:   (559) 686-4716      
Email:   dvink@ltrid.org      
 

3. Provide or support the availability of water management services to water users  
 

a. On Farm Evaluations 
i. On farm irrigation and drainage system evaluations using a mobile lab type assessment 
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 Total in District # Surveyed 
Last Year 

# Surveyed 
in Current 

Year 

# Projected 
for Next Year 

# Projected 
2nd Year in 

Future 
Irrigated Acres None     
Number of Farms 94 5% 5% 5% 5% 

 
The District will actively advertise to make growers aware of available mobile lab resources for on-farm 
efficiency evaluations through their website (http://www.ltrid.org/resources/#resources) and regular 
communications with their growers (newsletter, email service, fliers in direct mailings, etc.).  However, 
the District understands that many growers currently have irrigation and groundwater well consultants 
that regularly provide this service to growers in the District.  For this reason, the District will survey 
growers within the next year to determine what percentage of them have consultants that provide them 
with regular evaluations of their irrigation efficiency.    
 
The District has been made aware, by North West Kern Resource Conservation District  
(NWKRCD), that the average price for a typical irrigation system evaluation is approximately $1,000.  The 
District is willing to make some funds available to increase the availability of these services to growers.  
PIXID will make $250 per evaluation (25% of typical cost) available for growers with economic hardships 
up to a total of $1,250 per year.  This would equate to contributions to 5 potential irrigation system 
evaluations (5% of District farms). 
 
The criteria for economic hardship will be generated by the District and included in next year’s annual 
update.  The District will inform growers of the availability of these funds and the criteria after it is 
established on the District’s website.  When economic hardship criteria are met by growers, funding 
would be provided to NWKRCD.  The District will also request that system evaluation information be 
shared with the District to help better inform the District on local irrigation efficiencies.  
 

ii. Timely field and crop-specific water delivery information to the water user 
 

The District refers growers to the Kings River Conservation District website for local timely field and 
crop-specific water delivery information. 
 
The District’s metering of delivered water is at the turnouts from the conveyance system, but private 
growers systems then convey water to multiple fields owned by the same landowner from that turnout 
location.  The District’s conveyance system can be seen in Attachment B and provides growers access to 
surface water conveyance facilities, with the distance between these facilities being generally one mile 
apart.  Private conveyance to each field is not reported to the District. 
 
The District has evaluated deliveries by turnout from the District conveyance system to evaluate areas 
where surface water is being used within the District.  This information was evaluated using the 
District’s GIS system. 
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Also, the District recently undertook a study of the estimated crop water use within the District between 
1985 – 2007.  This retrospective effort was an effort to evaluate the changing crop conditions within the 
District over time and gauge where the crop water use for the District was increasing or staying 
relatively the same.  During this effort interviews with growers were conducted to better understand 
irrigation practices within the District.  This effort used GIS based crop maps from DWR within the 
District’s service area and calculated optimum crop water use based on published crop ET information 
for this region and accounting for effective precipitation.  This study and the topic of irrigation by crop 
has been discussed several times in the regular public meetings held by the Board of Directors. 
 
The District offers a service to growers that they can submit water orders over the internet, check their 
water delivery accounts from the District website, and get email water supply update notices from the 
District. 

 
b. Real time and normal irrigation scheduling and crop ET information 

 
 

As per this BMP the District has developed and sponsors a local CIMIS station which was constructed 
with the assistance of the Deer Creek and Tule River Authority members.  Before the next annual update 
the District will update their website with the CIMIS station information and also provide growers with 
links to the available information on the DWR CIMIS network for crop ET calculations and crop specific 
irrigation scheduling.  With this information growers have the necessary information to convert the real-
time ETo information from the local CIMIS station into real-time crop ET and irrigation scheduling 
information.  http://www.ltrid.org/links/ 
 
See Appendix D for a screen shot of the districts website.  
 
Also, normal year crop ET adjusted for effective precipitation is available through reports at the District 
office, on the District website and on Cal Poly ITRC’s website.  At the Cal Poly ITRC’s website there is 
information on dry, normal and wet years for varying regions within the state including one covering the 
District.    
 
The Kings River is approximately 30-40 miles north of the District, but has the same regional climate as 
the District.  An Inspection of reference ETo maps published by CIMIS 
(http://wwwcimis.water.ca.gov/cimis/images/etomap.jpg) shows that zone 12 covers an area that is 
common to the Kings River contractors and the District.  Also, rainfall totals between these two areas 
are historically very similar.  For these reasons it is understood that the real-time ET information 
published by Kings River Conservation District is valid for use in the District’s service area.  A link to the 
real-time ET information for the Kings River Contractors on the KRCD site will be included in the District 
website update and its use will be discussed in further detail in the next Ag Water Management Plan. 
 
Farmers have reported other sources they use to gain ET information as well, complicating the process 
for the District to meet this BMP.  These other sources range from using soil moisture, receiving daily 

http://www.ltrid.org/links/
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crop ETc values from on-farm services such as John Deer tractor dealerships, local chemical companies, 
or contracted Pest Control Advisors. 

 
c. Surface, ground, and drainage water quantity and quality data provided to water 

users 
 

The District provides regularly email updates on surface water supplies to District growers, allow 
District growers to submit water orders on-line and allow growers to access their current water 
account information using a secure password on the District website. 
 
The District provides current surface water supply information from the Bureau of Reclamation and the 
Friant Water Authority for Friant Division CVP contract supply availability.  The District also provides a 
water supply calculator on the District website for Tule River water right holders as well as current 
information on storage behind Success Dam. Current water supply information is available at 
http://www.ltrid.org/water_supply/ 
  
The District provides available surface water quality data on request. 

 
d. Agricultural water management educational programs  

Program Co-Funders (if-any) Yearly Targets 
Friant Water Authority- “Friant 
Waterline” 

Friant Division Contractors Monthly Mailings 

District Newsletter – “Legend” None Periodic Email Distribution 
 
The District provides information on weather, crop ET, soil moisture holding capacity, crop 
characteristics, irrigation scheduling and water-use planning on the District website.   
http://www.ltrid.org/links/ 
 

• Links to Cal Poly’s ITRC and Fresno States’ Center for Irrigation Technology 
websites provide farmers and the public with technical reports and other articles 
on efficient irrigation techniques employed in this area. 

• http://www.itrc.org/reports/index.php; 
• http://cit.cati.csufresno.edu/research_publications/. 

• Local weather conditions are reported through the District and DCTRA sponsored CIMIS 
station. 

• http://wwwcimis.water.ca.gov/cimis/frontStationDetailInfo.do?stationId=169&
src=info; 

• Crop ET information is available through links to the DWR CIMIS network and the 
available documents at this location on how to calculate crop ET.  Also links to 
normal, wet and dry year crop ET information for the District’s region are available 
on Cal Poly’s ITRC website. 

• http://wwwcimis.water.ca.gov/cimis/infoEtoCropCo.jsp; 
• http://biomet.ucdavis.edu/irrigation_scheduling/bis/BIS.htm; 

http://www.itrc.org/reports/index.php
http://cit.cati.csufresno.edu/research_publications/
http://wwwcimis.water.ca.gov/cimis/frontStationDetailInfo.do?stationId=169&amp;src=info
http://wwwcimis.water.ca.gov/cimis/frontStationDetailInfo.do?stationId=169&amp;src=info
http://wwwcimis.water.ca.gov/cimis/infoEtoCropCo.jsp
http://biomet.ucdavis.edu/irrigation_scheduling/bis/BIS.htm
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• http://wwwcimis.water.ca.gov/cimis/pdf/21427-
KcAgronomicGrassandVeg.pdf; 

• http://wwwcimis.water.ca.gov/cimis/pdf/21428-KcTreesandVines.pdf; 
• http://www.itrc.org/etdata/irrsched.htm. 

• Links to the DWR CIMIS network make farmers and the public aware of a 
variety of ag water software that is available to help irrigators with data 
management and irrigation scheduling. 

• http://wwwcimis.water.ca.gov/cimis/infoIrrSoftware.jsp 

• Also, links to Cal Poly’s ITRC website and the DWR CIMIS network provide farmers and 
the public with information on crop water budgets and irrigation scheduling 
techniques. 

• http://www.itrc.org/irrevaldata/isedata.htm; 
• http://wwwcimis.water.ca.gov/cimis/infoIrrOverview.jsp;  
• http://wwwcimis.water.ca.gov/cimis/i

nfoIrrSchdule.jsp; 
• http://wwwcimis.water.ca.gov/cimis/infoIrrBudet.jsp; 

• Also the District links ACWA’s Water Event’s and Water Education Foundation’s 
webpages on its website to inform growers and the public about available 
conferences, webinars, tours and classes on water issues, environmental concerns, 
existing and developing regulations, as well as irrigation methods and technologies. 

• http://www.acwa.com/category/event-type/external-meeting; 
• http://www.watereducation.org/doc.asp?id=1070. 

 
The District took on a District-wide water balance study that addressed irrigation efficiencies, cultural 
practices, and other water issues.  Also the District undertook a System Optimization Review Study in 
partnership with the Bureau of reclamation. Both reports were discussed by staff, the Board of 
Directors and they were open to the public at public Board meetings.  Additional joint Board 
meetings were held for significant discussions focused on calculated crop water use, irrigation 
efficiency and conservation. 
 
Discussion on calculated crop water use covered the comparison between ETc and irrigation 
efficiency fraction and reported applied water from District growers. 
 
Some staff members regularly attend conferences such as the Bureau’s Water Users Conference and 
Association of California Water Agencies where there are seminars on efficient irrigation techniques 
and after these conferences these individuals share this information with other staff members as 
well as the Board of Directors. 
 
The District is a member of ACWA and this agency supports a regular program of education with grade 
school teachers throughout the state, bringing them to agricultural areas like the District and explaining 
to them how agriculture supports our society and how farmers efficiently use available water supplies 
to produce our Nation’s food supply. 

 
e. Other 

http://wwwcimis.water.ca.gov/cimis/pdf/21427-KcAgronomicGrassandVeg.pdf
http://wwwcimis.water.ca.gov/cimis/pdf/21427-KcAgronomicGrassandVeg.pdf
http://wwwcimis.water.ca.gov/cimis/pdf/21428-KcTreesandVines.pdf
http://www.itrc.org/etdata/irrsched.htm
http://wwwcimis.water.ca.gov/cimis/infoIrrSoftware.jsp
http://www.itrc.org/irrevaldata/isedata.htm
http://wwwcimis.water.ca.gov/cimis/infoIrrOverview.jsp
http://wwwcimis.water.ca.gov/cimis/infoIrrSchdule.jsp
http://wwwcimis.water.ca.gov/cimis/infoIrrSchdule.jsp
http://wwwcimis.water.ca.gov/cimis/infoIrrBudet.jsp
http://www.acwa.com/category/event-type/external-meeting
http://www.watereducation.org/doc.asp?id=1070
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4. Pricing Structure- Based at least in part on quantity delivered 

 
There are a number of factors that go into determining the price of water to the farm operators in the 
Pixley Irrigation District (District). These factors, including such things as water availability, canal side 
price, District operating costs and cost of completing supplies area all considered by the Board of 
Directors when they annually set the price of water for sale to the farmers. Costs have average 
approximately $30 per acre-foot over the past ten years, but have been as high as $35 per acre-foot in 
certain years. 
 
The delivered rate to Tupman, at the beginning of the Cross Valley Canal, under the three-party water 
service contract with the U.S. Bureau of Reclamation and the State of California for the Sacramento 
River water provided through the Cross Valley Canal Exchange Program, is determined annually and has 
averaged in excess of $50 per acre-foot.  The District has now negotiated its eighth interim renewal 
contract. 
 
The District had made payments to the U.S. Bureau of Reclamation sufficient to avoid the accrual of any 
O&M interest bearing deficit resulting from passage of the 1986 amendments to Reclamation Law.  
Notwithstanding all of these factors, however, the price for delivered surface water needs to be 
competitive with groundwater costs.  This encourages the use of surface water to meet irrigation 
demands, when available, thereby preserving the limited groundwater resource. Billing policies for 
delivered surface water supply have been developed and are periodically modified based on a multiple 
number of factors, many of which are beyond the control of the District.  These include billing policies of 
the USBR, the water pricing policies and procedures of the USBR, the reserve position of the District, the 
payment capability of the farm operators and the basis of assurance provided by the farm operator that 
the District will receive payment.  Significant input is both sought out and received with regard to these 
policies. 
 
The pricing policy of the District is based on allowing for the delivery of surface water on a price basis 
which is competitive with groundwater pumping costs.  This encourages the use of surface water to 
meet irrigation demands, when available, thereby preserving the groundwater resource for times when 
little or no surface water is available.  Farm operators have amply indicated and demonstrated that the 
incentive to decrease the cost of applied water, when applied water does not result in increased yield, is 
the primary element of cost control.  This parallels the farm operators’ desire to improve on-farm 
efficiency through reduced labor and groundwater pumping costs. 
 
Water pricing policies established by the District are based on a recouping of the costs of securing and 
delivering the water. 
 
The supply is priced and billed in a fashion that is indicative of the delivered nature of the supply.  That 
is, the District has policies which apply to water which is made available for direct delivery to farm 
operators with separate policies associated with deliveries for groundwater recharge.  As the basic goal 
for direct surface deliveries is to optimize the conjunctive use capabilities of the District and to deliver 
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in-lieu pumping water when same is available, verification by the District is accomplished on a periodic 
basis to assure that the price for delivered water is competitive with power costs associated with 
pumping groundwater within the District.  The District tracks by way of external inquiries, as well as 
farm operator input, the costs associated with groundwater pumping and utilizes this input to verify the 
competitiveness of the established price for District supplies.  The principal mechanism which the 
District utilizes to price the cost of actual surface deliveries is the annual assessment.  The assessment 
rate is a per acre charge established following adoption of the annual budget.  The assessment is divided 
into four (4) components, each related to District budget items.  The four categories and their respective 
percentages of the total are as follows: 
 

• Groundwater   4.97% 
• Distribution System  27.17%  
• Surface Water  28.57% 
• Operation and Maintenance 39.29% 

 
The billing process is fashioned in such a manner that, for delivered supplies, the farm operators are 
charged for water on a metered basis and billed following deliveries.  In this fashion, farm operators are 
encouraged only to utilize that water which they need and are not penalized for unused water which 
may be available. 
 
Water which is not delivered for consumptive purposes, principally due to the non-storable nature of 
the District’s surface supply, is delivered for groundwater recharge.  The costs of the water associated 
with this recharge program are not borne by the water delivery charge income, but by a percentage of 
the assessment.  As previously noted, the District sought and received considerable input with respect 
to the development of this policy and with further respect to the level of assessment which is 
established in order to insure that recharge programs are maintained and contributions to the 
groundwater reservoir are maximized. 
 
With increases in the costs of operation and those associated with water acquisition, the assessment 
rate has been increased substantially over time.  The current level of assessment income is in excess of 
$4,200,000 per year, as compared to a mid-1970's level of less than $300,000. 

 
5. Evaluate and improve efficiencies of district pumps 

 
The District does own or operate any pumps. 
 
 

B. Exemptible BMPs for Agricultural Contractors 
 

1. Facilitate alternative land use 
Drainage Characteristic Acreage Potential Alternate Uses 

Drainage Characteristic  Not Applicable  
High Water Table (<5 feet)  Not Applicable 
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Poor Drainage  Not Applicable 
Groundwater Selenium Concentration > 50 ppd  Not Applicable 
Poor Productivity*  Class 6 lands not eligible 

*Native, Non-Farmed, Non-developed lands 
 

2. Facilitate use of available recycled urban wastewater 
Sources of Recycled Urban Waste Water AF/Y Available AF/Y Currently Used in District 
Pixley Public Utility District None 
   
   

 
3. Facilitate the financing of capital improvements for on-farm irrigation systems 

Program Description 
Natural Resource Conservation Service 
Agricultural Water Enhancement Program 
(AWEP) or Environmental Quality Incentives 
Program (EQIP) 

Available Information 

  
 

The District maintains a listing of potential funding sources and makes staff available to provide 
assistance in completing funding application documents.  District farmers are notified about potential 
funding sources by public Board Meetings, information posted on the District’s website, and regular 
email updates.  The District will include an example of this information made available to growers in the 
next annual update. 
 

4. Incentive pricing 
Structure of Incentive Pricing Related Goal 

Cheaper rates during flood periods Incentivize water users to use surface water rather 
than pump ground water.  

  
 

5. Line or pipe ditches and canals 
 

Canal/lateral (Reach) Types of 
Improvement 

Number of 
Miles in Reach 

Estimated 
Seepage (AF/Y) 

Accomplished/ 
Planned Date 

There are no plans to line or pipeline any of the District channel facilities 
     
     

 
Constructive line regulatory reservoirs 
 

Reservoir Annual Spill in 
Section (AF/Y) 

Estimated Spill 
Recovery (AF/Y) 

Accomplished/ Planned 
Date 

None    
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6. Increase flexibility in water ordering by, and delivery to, water users  

 
The District’s water order process is managed by a staff member that is available by phone or by email.  
Also the District has developed the ability for growers to submit their water orders on-line at the 
District’s website if they wish.  The District continues to look for new ways to serve their growers and 
provide flexible, timely and consistent water delivery service.   

 
7. Construct and operate district spill and tailwater recovery systems 

Distribution System Lateral Annual Spill (AF/Y) Quantity Recovered and 
Reused (AF/Y) 

There are no District Spills All supply is contained within the Distribution Sytem 
   
   
Total   

 
The District has a few terminal basins used to capture water at the end of a conveyance system.  These 
facilities recharge this water to the local groundwater aquifer.  However, the District does not suffer 
from spills.  Also, the District does not allow tailwater recovery systems to be diverted into District 
conveyance systems.  Private tailwater return systems within the District are used on farms to allow 
growers to apply large heads of water to fields, thereby increasing the irrigation efficiency, and tailwater 
is then recirculated back to the head of the field for a second longer application after the field is 
uniformly wetted up.   
 

Distribution System Lateral Annual Drainage 
Outflow (AF/Y) 

Quantity Recovered and 
Reused (AF/Y) 

There are no District Drainage Systems   
   
   
Total   

 
As was previously mentioned, there are no perched groundwater areas within the District and no known 
subsurface drainage systems within the District. Also, surface drainage in this area is not collected 
through any systems, as it is the responsibility of landowners to manage stormwater on their own 
properties.  Therefore, there are no District Drainage Systems and no Drainage Outflow or Quantity 
Recovered. 

 
 

8. Plan to measure outflow 
Total # of outflow (surface) locations/points     1  
Total # of outflow (subsurface) locations/points    0  
Total # of measured outflow points      1  
Percentage of total outflow (volume) measured during the report year  100%  

 Identify locations, prioritize, determine best measurement method/cost, submit funding proposal 
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Location & Priority Estimated Cost ($1,000s) 

Year 1 Year 2 Year 3 Year 4 Year 5 
Not Applicable      
      
      
      
      

 
As was previously discussed, the only outflow from the District is through Deer Creek, and waters that 
flow through Deer Creek past the District are either floodwater or schedule irrigation supplies by 
downstream water purveyors.  For this reason the District measures one location to gather information 
on flows past their diversion locations and that covers all of the outflow locations.  There are no plans to 
measure any other locations. 

 
9. Optimize conjunctive use of surface and groundwater 

 
The nature of the water supply available to the District is such that it can only supply supplemental 
water to the farm operators within the District.  The District makes no guarantees or warranties as to 
the delivery of surface waters and has no areas which rely solely on the delivery of such supplies.  
Decisions are made on at least an annual basis as to whether or when surface water will be made 
available to the farm operators.  There are periodic modifications made to the initial decision during 
years when considerable modification is made to the declaration of available supply by the USBR and by 
reservoir release operations during the flood control season on the Tule River.  In addition to the 
decision being based on information such as a determination by the USBR as to the quantity of water 
available, added variables, such as the timing of the availability of such supplies based on storability 
characteristics in both Millerton Reservoir and Success Reservoir and the crop types of farm operators, 
influence the decision.  As the majority of the supply available to the District is non-storable, delivery 
schedules are predicated more on the non-storable characteristics of these supplies than on the 
demands of the farm operators to meet the ET requirement of their crops.  The timing and availability of 
the District’s west-side contract supply are also factored into the decision.  The recent limitations 
associated with this supply have, however, reduced the influence on the internal run decision. 
 
To the maximum extent possible, the District establishes the delivery schedule on a basis to meet 
demands of the farm operators.  The District delivers water to the groundwater basin which is not 
demanded instantaneously by the farm operators and the water is then retrieved from that reservoir by 
the farm operators on a schedule which they control in order to meet crop demands. The District 
maintains a distribution system with operational characteristics consistent with the goal of jointly 
managing surface and groundwater supplies.  The District maintains 278 acres of groundwater recharge 
reservoirs which are utilized in the operational scheme during above-normal years and shunted from the 
system during normal and dry years.  The District also spreads water on 960 acres of the Pixley National 
Wildlife Refuge.  In most dry year conditions, the District does not make any deliveries of surface water 
due to their relationship with other districts who are also members of the Deer Creek and Tule River 
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Authority (DCTRA).  With the joint management of contract supplies within the DCTRA, the districts 
requiring delivery of surface water during dry year periods can now bank water with the District who has 
agreed to take the surface water for banking during normal to above-normal years, in exchange for the 
release of the District’s CVP supply during dry year periods. 
 
In order to further augment spreading capability and to expand on conjunctive use capability, the DCTRA 
has recently completed its first groundwater recharge facility adjacent to the Friant-Kern Canal and the 
natural channel of Deer Creek.  This facility was utilized during the last year, is currently being used and 
will continue to be utilized in the future to recharge available supplies during above-normal runoff 
conditions.  It is anticipated to be augmented by other similar facilities in the future at sites which are 
currently under consideration. 

 
10. Automate distribution and/or drainage system structures 

 
There are no planned projects to automate canal structures in the near-term.  The District has not 
studied the potential for automating canal structures, but is using the automated LTRID facilities at the 
Tule River Weir and the Wood Central Ditch diversion from the Tule River as pilot projects to gage their 
water management improvement potential.  The project resulted in the district winning the WaterSmart 
grant in 2017 to install a SCADA system at the head of the Ave 116 Canal. Installation is set for the 
winter of 2017.  
 
11. Facilitate or promote water customer pump testing and evaluation 

 
The District provides information to the farm operators relative to the availability of pump testing and 
efficiency services provided by the serving utility or local pump companies.  The involvement of the 
District with private pump efficiencies is related to water conservation and overall resource 
management. The District performs pump tests on surface water derisions where lift pumps are utilized.  
The District refers water users to SCE for pump tests on their privately owned wells. The fact that a 
farmer may apply a given amount of water to a field with a pump which is operating at a less than 
optimum efficiency does affect the application time and the total quantity of water which is being 
demanded by the crop.  This information can be found in the District’s Water Information & Operating 
Policy in Appendix B.  The third paragraph below the numbered list references available services.  This 
policy is sent to all growers each year. 
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12. Mapping 
GIS Maps Estimated Cost (in $1,000s) 

2017 2018 2019 2020 2021 
Layer 1- Distribution system 0.0 0.0 0.0 0.0 0.0 
Layer 2- Drainage system n/a n/a n/a n/a n/a 
Suggested layers:      
Layer 3- Groundwater info 0.8 0.8 0.8 0.8 0.8 
Layer 4- Soils map 0.1 0.1 0.1 0.1 0.1 
Layer 5- natural/cultural resources n/a n/a n/a n/a n/a 
Layer 6- Problem areas 0.1 0.1 0.1 0.1 0.1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pixley Irrigation District Water Management 

 

35 
 

C. Provide a 5- Year Budget for Implementing BMP’s 
 
1. Amount spent during current year 

Year 2017 or Year 1 
BMP # 

BMP Name Budgeted Expenditure 
(not including staff 

time) 

Staff Hours 

A1 Measurement  $1,000 100 
A2 Conservation staff $400 8 
A3 On-farm 

evaluation/water 
delivery info 
 Irrigation Scheduling 
Water Quality 
Agricultural Education 
Program 

$1,250 
$0 

 
$0 
$0 
$0 

25 
0 
 

0 
0 
0 

 
A4 Quantity pricing $200 4 
A5 Contractor’s pumps $200 4 
B1 Alternative land use $0 0 
B2 Urban recycled water 

use 
N/A N/A 

B3 Financing of on-farm 
improvements 

$0 0 

B4 Incentive pricing $300 8 
B5 Line or pipe 

canals/install 
reservoirs 

$0 0 

B6 Increase delivery 
flexibility 

$140 4 

B7 District spill/tailwater 
recovery systems 

$0 0 

B8 Measure outflow $0 0 
B9 Optimze conjunctive 

use 
$70 2 

B10 Automate canal 
structures 

$37,779.8 100 

B11 Customer pump 
testing  

$50 0 

B12 Mapping $900 10 
 Total $42,290 265 
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2. Projected budget summary for the next year 
Year 2018 or Year 2 

BMP # 
BMP Name Budgeted Expenditure 

(not including staff 
time) 

Staff Hours 

A1 Measurement  $1,000 100 
A2 Conservation staff $400 8 
A3 On-farm 

evaluation/water 
delivery info 
 Irrigation Scheduling 
Water Quality 
Agricultural Education 
Program 

$1,250 
$0 

 
$0 
$0 
$0 

25 
0 
 

0 
0 
0 

 
A4 Quantity pricing $200 4 
A5 Contractor’s pumps $200 4 
B1 Alternative land use $0 0 
B2 Urban recycled water 

use 
N/A N/A 

B3 Financing of on-farm 
improvements 

$0 0 

B4 Incentive pricing $300 8 
B5 Line or pipe 

canals/install 
reservoirs 

$0 0 

B6 Increase delivery 
flexibility 

$140 4 

B7 District spill/tailwater 
recovery systems 

$0 0 

B8 Measure outflow $0 0 
B9 Optimze conjunctive 

use 
$70 2 

B10 Automate canal 
structures 

$0 0 

B11 Customer pump 
testing  

$50 0 

B12 Mapping $900 10 
 Total $4,510 165 
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3. Projected budget summary for the 3rd year 
Year 2019 or Year 3 

BMP # 
BMP Name Budgeted Expenditure 

(not including staff 
time) 

Staff Hours 

A1 Measurement  $1,000 100 
A2 Conservation staff $400 8 
A3 On-farm 

evaluation/water 
delivery info 
 Irrigation Scheduling 
Water Quality 
Agricultural Education 
Program 

$1,250 
$0 

 
$0 
$0 
$0 

25 
0 
 

0 
0 
0 

 
A4 Quantity pricing $200 4 
A5 Contractor’s pumps $200 4 
B1 Alternative land use $0 0 
B2 Urban recycled water 

use 
N/A N/A 

B3 Financing of on-farm 
improvements 

$0 0 

B4 Incentive pricing $300 8 
B5 Line or pipe 

canals/install 
reservoirs 

$0 0 

B6 Increase delivery 
flexibility 

$140 4 

B7 District spill/tailwater 
recovery systems 

$0 0 

B8 Measure outflow $0 0 
B9 Optimze conjunctive 

use 
$70 2 

B10 Automate canal 
structures 

$0 0 

B11 Customer pump 
testing  

$50 0 

B12 Mapping $900 10 
 Total $4,510 165 

 
 
 
 
 
 
 
 



Pixley Irrigation District Water Management 

 

38 
 

4. Projected budget for the 4th year 
Year 2020 or Year 4 

BMP # 
BMP Name Budgeted Expenditure 

(not including staff 
time) 

Staff Hours 

A1 Measurement  $1,000 100 
A2 Conservation staff $400 8 
A3 On-farm 

evaluation/water 
delivery info 
 Irrigation Scheduling 
Water Quality 
Agricultural Education 
Program 

$1,250 
$0 

 
$0 
$0 
$0 

25 
0 
 

0 
0 
0 

 
A4 Quantity pricing $200 4 
A5 Contractor’s pumps $200 4 
B1 Alternative land use $0 0 
B2 Urban recycled water 

use 
N/A N/A 

B3 Financing of on-farm 
improvements 

$0 0 

B4 Incentive pricing $300 8 
B5 Line or pipe 

canals/install 
reservoirs 

$0 0 

B6 Increase delivery 
flexibility 

$140 4 

B7 District spill/tailwater 
recovery systems 

$0 0 

B8 Measure outflow $0 0 
B9 Optimze conjunctive 

use 
$70 2 

B10 Automate canal 
structures 

$0 0 

B11 Customer pump 
testing  

$50 0 

B12 Mapping $900 10 
 Total $4,510 165 

 
 
 
 
 
 
 
 



Pixley Irrigation District Water Management 

 

39 
 

5. Projected budget for the 5th year 
Year 2021 or Year 5 

BMP # 
BMP Name Budgeted Expenditure 

(not including staff 
time) 

Staff Hours 

A1 Measurement  $1,000 100 
A2 Conservation staff $400 8 
A3 On-farm 

evaluation/water 
delivery info 
 Irrigation Scheduling 
Water Quality 
Agricultural Education 
Program 

$1,250 
$0 

 
$0 
$0 
$0 

25 
0 
 

0 
0 
0 

 
A4 Quantity pricing $200 4 
A5 Contractor’s pumps $200 4 
B1 Alternative land use $0 0 
B2 Urban recycled water 

use 
N/A N/A 

B3 Financing of on-farm 
improvements 

$0 0 

B4 Incentive pricing $300 8 
B5 Line or pipe 

canals/install 
reservoirs 

$0 0 

B6 Increase delivery 
flexibility 

$140 4 

B7 District spill/tailwater 
recovery systems 

$0 0 

B8 Measure outflow $0 0 
B9 Optimze conjunctive 

use 
$70 2 

B10 Automate canal 
structures 

$0 0 

B11 Customer pump 
testing  

$50 0 

B12 Mapping $900 10 
 Total $4,510 165 
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Section IV: Best Management Practices for Urban Contractors 
 
A. Urban BMPs 
 
Foundational BMPs 
1. Operations Programs 

 
1.1.  Operations Practices 

 
1.1.1. Conservation Coordinator 

 
1.1.2. Water waste prevention 

 
1.1.3. Wholesale agency assistance program 

 
1.2. Water lose control 

 
1.3. Metering with commodity rates for all new connections and retrofit of existing connections 

 
2. Education Programs 

 
2.1.  Public Information Programs 

 
2.2. School Education Programs 

 

Programmatic BMPs 
 
3. Residential 

 
3.1.   Residential assistance program 

 
3.2.   Landscape water survey 

 
3.3.   High-efficiency clothes washers (HECWs) 

 
3.4.   WaterSense Specification (WSS) toilets 

 
3.5. WaterSense Specificaitons for residential development 

 
4. Commercial, Industrial, and Institutional (CII) 

 
5. Landscape 
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B. Provide a 5-Year Budget for Expenditures and Staff Effort for BMPs 
 
1. Amount Spent during current year 

Year 2017 or Year 1 
BMP # 

BMP Name Budgeted 
Expenditure (not 

including staff time) 

Staff Hours 

1 Utilities Operations   
1.1 Operations Practices   
1.2 Water Loss Control   
1.3 Metering   
1.4 Retail Conservation Pricing   

2 Education Programs   
2.1 Public Information Programs   
2.2 School Education Programs   

3 Residential   
4 Cll   
5 Landscape   

 Total   
 
 
 
2. Projected budget summary for 2nd year 

Year 2017 or Year 1 
BMP # 

BMP Name Budgeted 
Expenditure (not 

including staff time) 

Staff Hours 

1 Utilities Operations   
1.1 Operations Practices   
1.2 Water Loss Control   
1.3 Metering   
1.4 Retail Conservation Pricing   

2 Education Programs   
2.1 Public Information Programs   
2.2 School Education Programs   

3 Residential   
4 Cll   
5 Landscape   

 Total   
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3. Projected budget summary for 3rd year 

Year 2017 or Year 1 
BMP # 

BMP Name Budgeted 
Expenditure (not 

including staff time) 

Staff Hours 

1 Utilities Operations   
1.1 Operations Practices   
1.2 Water Loss Control   
1.3 Metering   
1.4 Retail Conservation Pricing   

2 Education Programs   
2.1 Public Information Programs   
2.2 School Education Programs   

3 Residential   
4 Cll   
5 Landscape   

 Total   
 
 

4. Projected budget summary for 4th year 
Year 2017 or Year 1 

BMP # 
BMP Name Budgeted 

Expenditure (not 
including staff time) 

Staff Hours 

1 Utilities Operations   
1.1 Operations Practices   
1.2 Water Loss Control   
1.3 Metering   
1.4 Retail Conservation Pricing   

2 Education Programs   
2.1 Public Information Programs   
2.2 School Education Programs   

3 Residential   
4 Cll   
5 Landscape   

 Total   
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5. Projected budget summary for 5th year 

Year 2017 or Year 1 
BMP # 

BMP Name Budgeted 
Expenditure (not 

including staff time) 

Staff Hours 

1 Utilities Operations   
1.1 Operations Practices   
1.2 Water Loss Control   
1.3 Metering   
1.4 Retail Conservation Pricing   

2 Education Programs   
2.1 Public Information Programs   
2.2 School Education Programs   

3 Residential   
4 Cll   
5 Landscape   

 Total   
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Section V: Agricultural Water Inventory 
 
Table 1: Surface Water Supply 
 
Water Year: 2016 

Month Federal Ag 
Water (acre-

feet) 

Federal 
non-Ag 
Water 

(acre-feet) 

State Water 
(acre-feet) 

Local Water 
(acre-feet)* 

Other Water 
(acre-feet) 

Transfers Into 
District (acre-

feet) 

Upslope 
Drain Water 

Total 
(acre-
feet) 

Method         

January 349 0 0 1,760 0 0 0 2,109 

February 0 0 0 3,784 0 0 0 3,784 

March 0 0 0 0 0 20,000 0 20,000 

April 0 0 0 0 0 10,000 0 10,000 

May 0 0 0 0 0 30,000 0 30,000 

June 0 0 0 0 0 9,060 0 9,060 

July 3,442 0 0 0 0 20.000 0 23,442 

August 0 0 0 0 0 0 0 0 

September 0 0 0 0 0 0 0 0 

October 0 0 0 0 0 0 00 0 

November 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 

Total 3,791 0 0 5,544 0 89,060 0 98,395 

*Deer Creek 
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Table 2: Groundwater Supply 
Month District Groundwater (acre-feet) Private Agric Groundwater    

(acre-feet)* 

Method 0  

January 0  

February 0  

March 0  

April 0  

May 0  

June 0  

July 0  

August 0  

September 0  

October 0  

November 0  

December 0  

Total 0 102,164 

*Estimated based on crop needs and available surface water 
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Table 3: Total Water Supply 
Month Surface Water Total 

(acre-feet) 
District Groundwater 

(acre-feet 
Recycled M&I 

Wastewater (acre-feet) 
Total District Water 
Supply (acre-feet) 

Method     

January 2,109 0 0 2,109 

February 3,784 0 0 3,784 

March 20,000 0 0 20,000 

April 10,000 0 0 10,000 

May 30,000 0 0 30,000 

June 9,060 0 0 9,060 

July 23,442 0 0 23,442 

August 0 0 0 0 

September 0 0 0 0 

October 0 0 0 0 

November 0 0 0 0 

December 0 0 0 0 

Total 98,395  0 98,395 
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Table 4: Distribution System 
 
Table 4: Agricultural Distribution System  

Canal, pipeline 
lateral 

Reservoir 

Length 
(feet) 

Width 
(feet) 

Surface Area 
(Square feet) 

Precipitation 
(acre-feet) 

Evaporation 
(acre-feet) 

Spillage 
(acre-feet) 

Seepage 
(acre-feet) 

Total 
(acre-feet) 

Deer Creek 77,687 95 7,380,265 227 719 0 2,513 3,005 
East Main Canal 12,428 12 149,136 5 15 0 402 412 
Pixley North 
Ditch 

28,730 09 258,570 8 25 0 929 947 

Pixley South 
Ditch 

24,910 09 224,190 7 22 0 806 821 

Harris Ditch 19,182 011 211,002 6 21 0 621 635 
West Main 
Canal 

33,066 022 727,452 22 71 0 1,070 1,118 

Townsend 
Ditch 

48,449 010 484,490 15 47 0 1,567 1600 

Cross Ditch 12,894 08 103,152 3 10 0 417 424 
Lateral 1 Ditch 23,760 13 308,880 9 30  769 789 
Lateral 2 Ditch 23,750 12 285,000 9 28  768 787 
Lateral 3 Ditch 29,180 11 320,980 10 31  944 956 
Avenue 116 
Lateral 

51,570 10 515,700 
 

     

Total   10,453,117 321 1,019 0  11,503 
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Table 5: Crop Water Needs 
Crop Area (crop 

acres) 
Crop ET (AF/Ac) Leaching 

Requirement 
(Af/Ac) 

Cultural 
Practices 
(Af/Ac) 

Effective 
Precipitation 

(AF/Ac) 

Appl. Crop 
Water Use 
(acre-feet) 

Wheat 16,498 1.35 0 0.34 0.19 24,747 
Almonds 6,652 3.42 0 0.34 0.14 24,080 
Barley 2,519 1.35 0 0.34 0.19 3,779 
Alfalfa 3,657 4.60 0 1.15 0.29 19,967 
Pistachios 1,803 3.51 0 0.35 0.04 6,887 
Peacans 20 3.42 0 0.35 0.04 75 
Cotton 38 2.56 0 0.64 0 121 
Beans 100 1.10 0 0.35 0.04 141 
Grapes 3,579 2.58 0 0.65 0.03 11,453 
Silage* 8,226 1.40 0 0.34 0.19 23,622 
Sorghum* 7,382 2.58 0 0.65 0.03 12,750 
Other (<5%)       
Crop Acres 50,474     163,253 

*Double Cropped 
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Table 6: District Water Budget 
2016 District Water Inventory 

Water Supply Table 3    98,395 

Riparian ET Distribution and Drain minus  0 

Groundwater recharge Intentional - ponds, injection minus  4,663 

Seepage Table 4 minus  11,503 

Evaporation - Precipitation Table 4 minus  698 

Spillage Table 4 minus  0 

Transfers out of District  minus  20,442 

Water Available for sale to customers     61,089 

        

Actual Agricultural Water Sales From District Sales Records    35,479 

Private Groundwater Table 2 plus  102,164 

Crop Water Needs Table 5 minus  163,253 

Drainwater outflow (tail and tile, not recycled minus  0 

Percolation from Agricultural Land (calculated)   4,663 

Unaccounted for Water (calculated)     
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Table 7: Influence on Groundwater and Saline Sink 

2016   

Agric Land Deep Perc + Seepage + Recharge - Groundwater Pumping = District Influence on  81,335 

Estimated actual change in groundwater storage, including natural recharge   

Irrigated acres (from Table 5)  50,474 

Irrigated acres over a perched water table  0 

Irrigated acres draining to saline sink  0 

Portion of percolation from agri seeping to a perched water table  0 

Portion of percolation from agric seeping to a saline sink  0 

Portion of On-Farm Drain water flowing to a perched water table/saline sink  0 

Portion of Dist. Sys. Seeo/leaks/spills to perched water table/saline sink  0 

Total (AF) flowing to a perched water table and saline sink  0 
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Table 8: Annual Water Quantities Delivered Under Each Right or Contract 
 

Year 
Federal Ag 

water 
(acre-feet) 

Federal 
Non-Ag 
Water 

(acre-feet) 

State 
Water 

(acre-feet) 

Local 
Water 

(acre-feet) 

Water 
(define) 

(acre-feet) 

Transfers into 
District (acre-

feet) 

Upslope Drain 
Water (acre-

feet) 

Total (acre-
feet) 

2005  66,804 0 0  9,794  0 0  0 76,598 

2006  61,009 0 0 9,156 0 0  0 70,165 

2007  7,200 0 0 0  0 0   0 7,200 

2008  12,243 0 0 0 0 0  0 12,243  

2009  26,380 0 0 0 0 0  0 26,380 

2010  30,296 0  0 1,000 0  0   0 31,296 

2011  54,200  0  0 35,520  0 0 0  89,720 

2012  0  0  0 
10,420 

 0 0 0 10,420 

2013  5,012  0  0 
4,140 

 0 0 0 5,012 

2014  0  0  0 
2,607 

 0 0 0 2,607 

2015  0  0  0 
644 

 0  0 0 644 

2016  3,791 0 0 
5,544 

 0 0  0 6,145 

2017 79,735  0  0  0  0 89,060  0 79,735 

Total 346,400 0 0 81,528 0 89,060 0 516,988 

Average 24,742 0 0 6,271 0 0 0 33,012 
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PR ORA TE OR CANAL 
ALLOCATION 

The need for prorating water use on canals 
occurs when demand exceeds the design 
capacity of specific canals. This problem 
typically occurs only in the summer months 
and only for short periods. During prorate 
periods the water users in the affected areas 
are given an allocation of water to be used 
within a two-week time frame. Prorates are 
designed to provide equitable water 
allocation to all water users. Cooperation 
when prorate is necessary will greatly assist 
in providing equal treatment to all District 
water users. If you have any questions, 
please contact the District office. 

WATER MEASUREMENTS 
The Water Systems Operator using one of 
following three methods take water 
measurements at the numbered turnout: 

1. Pump test rating 
2. Gravity Measurement 
3. Meter 

Pumps will be rated once each season 
without charge upon request or if any 
changes are made to the pump station. 

Any discrepancy regarding the quantity of 
water charged to an account must be 
reviewed with the District prior to the 15th of 
the month following the date of billing. All 
charges will be considered correct and final 
after that date. 

Emergency Phone Numbers: 

559-686-4 716 / 559-752-5050 

Follow the instructions to be transferred 
to the attendant on call . 

I 

'" 
II 

-:, 

On beha!f of the Board of Directors I 
want to thank you far your cooperation 
in providing equitable, reliable water 
sermce to the water users of the Lower 
Tule River & Pixlry Irrigation District. 

lf y ou have a1!Y questions regarding this 
poli01, please feel free to contact the 
District office at the numbers indicated. 

DAN VINK 

GENERAL MANAGER 

~ Lower Tule:Rivrrlrrigation Distria 
~ Pixley Irrigation District 

357 E OLIVE AVE 
TIPTON CA 93272 

Phone (559) 686-4716 
Fax (559) 686-0151 
Email: ltrid@ltrid.org 

www. It rid .org 

~ LowerTule ~ Irrigation Distria 
~ Pixley Irrigation District 

357 E OLIVE AVE 

TIPTON CA 93272 

559-6864716 

559-686-0151 FAX 

WATER INFORMATION 
& 

OPERATING POLICY 

Working together to meet your water 
needs now and into our future 



WAlER OPERATING POLICY 

In an effort to provide an affordable and 
reliable water supply, the following 
guidelines have been adopted by the 
Board of Directors of the Lower Tule 
River & Pixley Irrigation District, and are 
implemented by the staff of the District 
to insure equitable distribution of water 
to all water users within the District. 

The District's contract water supply is 
supplemental only and therefore does not 
provide the sole supply for District wide crop 
irrigation requirements in all years. Elements of 
the Districts water supply program include: 

o In years when water is available above the 
amount to meet irrigation demand the 
District actively recharges the groundwater 
aquifers through numerous sinking basins 
and river channels in the District. 

o In water short years, the District's surface 
water supply is intended to supplement 
grower owned wells. 

o In certain years water runs may be 
scheduled at different times throughout the 
year in order to maximize available supply 
and to coordinate with irrigation deliveries. 

WATER RATES & WATER RUNS 

The Board of Directors determines the water 
rate and establishes water runs. Water rates 
and water runs are based on the most current 
information available. The District endeavors to 
keep water-users notified in advance of any 
changes. Changes in water runs may occur on 
short notice due to uncontrollable conditions that 
affect water supply. Additional information 
regarding water rates and water runs can be 
found on the District's web site: www.ltrid.org 

WATER ORDERS 
o All turnouts are numbered either on the 

gate or on the pump apparatus. Orders 
for water should be made referencing the 
turnout number. 

o Water orders for both turn on and turn off 
must be placed 24 hours in advance with 
the District office. 

o Water orders need to be placed by 9:00 
a.m. to be effective for the following day. 

o Please place water orders for Sunday or 
Monday by 9:00 a.m. on or before the 
preceding Saturday. 

o Water orders may be placed in the office 
during normal office hours from 7:00 a.m. 
to 4:30 p.m. during the weekdays and 
7:00 a.m. to 9:00 a.m. on Saturdays and 
Holidays during water runs. 

o In order to provide for consistency and 
accountability, water systems operators 
cannot take water orders in the field either 
verbally or through written notes. 

It may be necessary for the District to 
establish specific on/off times by turnout due 
to operational constraints of the canal system. 
District canals and check structures are to be 
operated by District personnel only unless an 
extreme emergency exists. Turnouts are to be 
operated by the water user. Please contact 
the District office for specific turnout numbers 
and on/off times or if turnout numbers are not 
present or are illegible. 

EMERGENCY PROCEDURE 

There is a 24-hour answering service for 
emergencies that occur outside of regular 
business hours. The emergency telephone 
numbers are listed on the back page. 

Please do not place water orders with the 
answering service. 

When calling the answering service please 
leave a name and telephone number along with 
other pertinent information. An example of an 
emergency would be a ditch break or anything 
that alters the flow of water that might cause 
property damage. 

WATER USE STATEMENT 

A monthly water statement will be mailed to each 
water user during the first ten days of each month. 
The statement will include water use and account 
balance as of the end of the preceding month. 

Delinquency Charge. Payment for water is due 
upon receipt of the statement. A penalty will be 
added if payment is not received by the end of 
the month in which the statement was 
generated. Penalties will be assessed at 1.5% 
of the unpaid balance or $2.50 whichever is 
greater. 



3. Transfer of allocations are not permitted. Allocations can only be transferred 

to lessees under Lease agreements. Upon approval of the District, allocations 

can also be transferred to other common ownership entities who have an 

existingjoint commercial interest.

• Landowners will be sent a water order form every January, asking if 

they want their allocation, or allow their lessee or other entity 

ownership to use it, or do not want it. This form will be due back to the 

District by March 1. Proof of lease/lessor, or common ownership 

relationship will be required.

• If a landowner does not want, or cannot use their allocation for the 

year, the District will re-allocate proportionally to all other landowners.

• Landowner must identify whether the lessee must use the allocation 

on specified land or can use it on other lands owned/leased by lessee.

4. Allocations will be based on total assessed lands.

• Class 6 soils not eligible for allocation. (Bureau of Reclamation Land 
Classification)
 - Non-farmed and non-developed lands. 

• Only lands with a turnout from a District facility will receive an 

allocation. 

5. Overuse of users allocated amount of water will not be allowed. District staff will monitor use 
andwill terminate use to those who have no remaining allocation.

The District Board will update this policy as conditions warrant, based on operational 

and policy issues identified as the policy is implemented. 
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SECTION 1 – INTRODUCTION 
1-1 GENERAL OVERVIEW 

 
As part of the requirements for a Third Party under Waste Discharge Requirements General Order 
No. R5-2013-0120 for Growers within the Tulare Lake Basin Area, the Tule Basin Water Quality 
Coalition (TBWQC) has prepared the following Surface Water Monitoring Plan.  On February 4, 
2014, the TBWQC was approved to act as the Third Party for growers within the Tule River, Deer 
Creek, and White River watersheds. 

 
The goal of the Surface Water Monitoring Plan is to collect sufficient data to describe irrigated 
agriculture’s impacts on surface water quality and to determine whether existing or newly 
implemented management practices comply with the surface water receiving water limitations of the 
General Order.  Surface water monitoring will include a comprehensive suite of constituents (referred 
in this report to as parameters) monitored periodically in a manner that allows for an evaluation of the 
condition of a water body and determination of whether irrigated agriculture operations in the 
TBWQC are causing or contributing to any surface water quality exceedances.  The TBWQC Surface 
Water Monitoring Plan describes the requirements for reporting, monitoring, and schedule for the 
major natural waterways within the TBWQC Boundary. 

 
1-2 DESCRIPTION OF COALITION AREA 

 
Within the TBWQC boundary are three natural watersheds, the Tule River Basin, the Deer Creek 
Basin, and the White River Basin.  The TBWQC is located in the southern portion of Tulare County 
and a small portion in northern Kern County, all within the Tulare Lake Basin.  The TBWQC 
Boundary covers approximately 599,879 acres within the watersheds of the three basins and 
includes approximately 365,680 acres of irrigated agriculture of the Tulare Lake Basin.  The TBWQC 
also provides coverage for growers within an additional supplemental area of the upper watersheds 
of the three basins covering approximately 342,346 acres.  The supplemental area includes minimal 
irrigated agriculture and predominantly includes the Sequoia National Forest and the Tule River 
Indian Reservation.   
 
Within the TBWQC boundary, there are several irrigation districts and water companies that manage 
the surface water supplies.  TABLE 1-1:  TBWQC IRRIGATION DISTRICT AND WATER 
COMPANIES identify those agencies within the TBWQC Boundary and the area of land covered by 
each. 
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TABLE 1-1:  TBWQC IRRIGATION DISTRICTS AND WATER COMPANIES 

Irrigation District / Water Company Total District Area (acres) Area Within TBWQC Boundary (acres) 

Vandalia Water Company 1,379 1,379 

Terra Bella Irrigation District 15,053 15,053 

Teapot Dome Water District 3,571 3,571 

Saucelito Irrigation District 19,702 19,702 

Rancho Terra Bella 1,137 1,137 

Rag Gulch Water District 5,985 2,682 

Porterville Irrigation District 16,997 16,997 

Pixley Irrigation District 68,559 68,559 

Lower Tule River Irrigation District 102,625 102,625 

South Tule Independent Ditch Company 1,553 1,553 

Lindsay-Strathmore Irrigation District 16,058 7,554 

Lindmore Irrigation District 27,608 19,124 

Kern-Tulare Water District 8,507 6,941 

Hope Water District 2,289 2,289 

Delano Earlimart Irrigation District 56,502 56,502 

Atwell Island Water District 7,249 5,656 

Angiola Water District 35,846 8,786 

Alpaugh Irrigation District 10,689 10,689 

Total (acres): 401,308 350,799 

 
A map identifying the location of each of the irrigation districts and water companies within the 
TBWQC boundary are shown in ATTACHMENT A:  TBWQC IRRIGATION DISTRICT AND WATER 
COMPANY MAP. 

 
1-3 BASIN DESCRIPTION 

 
Climate and Precipitation 

The climate of the TBWQC region is semi-arid with mild winters and hot, dry summers. The long term 
average annual rainfall within the Basin is approximately 8.24 inches.  The eastern edge of the 
TBWQC, along the foothills of the Sierra Nevada Mountains, experiences higher amounts of rainfall, 
while the western edge of the TBWQC is typically more arid and dry. Precipitation usually occurs from 
November to May. Snow typically melts during the months of April through July. From June through 
October, the area generally experiences dry summers where very little precipitation occurs. 
 
A summary of the average monthly precipitation within the TBWQC Boundary, as recorded by the 
California Irrigation Management Information System (CIMIS) and the Department of Water 
Resources (DWR), is shown in TABLE 1-2:  TBWQC AVERAGE PRECIPITATION. 
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TABLE 1-2:  TBWQC AVERAGE PRECIPITATION 

Station Name 
Success 

Reservoir 
(DWR SCC) 

Porterville 
(CIMIS 169) 

Alpaugh 
(CIMIS 203) 

Delano 
(CIMIS 182) 

Visalia (DWR 
VSL) 

Average 
Monthly 
Precip. 

Location relative to TBWQC 
Boundary 

Eastern 
Edge 

East-
Central 

South 
Western 

Edge 

Southern 
Boundary 

Northern 
Boundary   

Long Term Average Monthly Precipitation (inches): 

January 2.03 1.98 0.70 0.86 1.92 1.50 

February 1.98 1.72 0.72 0.86 1.80 1.42 

March 1.84 1.76 0.55 0.88 1.60 1.33 

April 1.13 1.04 0.32 0.78 0.93 0.84 

May 0.37 0.44 0.11 0.29 0.36 0.31 

June 0.08 0.07 0.06 0.04 0.08 0.07 

July 0.02 0.01 0.00 0.00 0.01 0.01 

August 0.02 0.01 0.00 0.00 0.01 0.01 

September 0.22 0.17 0.04 0.01 0.12 0.11 

October 0.56 0.49 0.19 0.50 0.46 0.44 

November 1.18 0.99 0.36 0.69 0.92 0.83 

December 1.70 1.64 0.95 1.04 1.60 1.39 

Long Term Annual Average 
Precipitation: 11.14 10.33 3.99 5.96 9.81 8.24 

Long Term Data Range 1961 - 2013 1905 - 2013 2006 - 2013 2002 - 2013 1905 - 2013   

 
Topography 
Ground elevations range from approximately 200 feet above mean sea level along the western edge 
of the TBWQC to 1,000 feet above mean sea level along the eastern boundary of the TBWQC 
(ATTACHMENT B: USGS QUADRANGLE MAP).  The general direction of ground surface slope is 
gradually from east to west.   
 
Watersheds 
As previously stated, the TBWQC has three natural watersheds within its Boundary, the Tule River, 
the Deer Creek, and the White River.  Each of these watersheds is described in detail as follows: 

 
A. Tule River Basin 

Tule River is located in the southeast portion of the San Joaquin Valley within Tulare County. 
The Tule River watershed, on the western slope of the Southern Sierra Nevada Mountains, is 
bounded on the North by the Kaweah River and on the South by Deer Creek, White River, 
Poso Creek and Kern River, and is a fan-shaped mountainous area of about 390 square 
miles (249,600 acres) above Success Dam. More than half of the mountain portion of the 
watershed is within the Sequoia National Forest, and the southern portion of the upper 
watershed is comprised by the Tule River Indian Reservation. 
 
The Tule River above Success Reservoir is formed by three main forks that flow from the high 
eastern border of the watershed in a southwesterly or westerly direction to Success 
Reservoir.  The North, Middle and South Forks are fed by numerous small streams with 
slopes ranging from 400 to about 1,000 feet per mile. About five percent (5%) of the Tule 
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River watershed ranges between elevation 8,000 feet and 10,050 feet, the maximum 
elevation. 
 
Below Success Reservoir, the Tule River leaves the foothills and enters the flat expanses of 
the San Joaquin Valley, passes through the City of Porterville and continues across the valley 
floor approximately 26 miles to the Tulare Lake Bed. Porter Slough, a natural distributary, 
diverges northwesterly about two miles easterly of the City of Porterville, and is used for 
conveyance of flood and irrigation releases from Success Reservoir. North of the community 
of Woodville the Tule River bifurcates into a South fork, Middle fork and North fork for several 
miles, after which the channels rejoin westerly of State Highway 99. In addition to Porter 
Slough, there are numerous irrigation diversions from the River, along with distributaries of 
the Kaweah River (Elk Bayou and Cross Creek) that join the Tule River prior to reaching the 
Tulare Lake Bed. Tule River water reaching the Tulare Lake Bed is beneficially used for 
irrigation of crops, stored in cells for later irrigation or evaporates.  The Tulare Lake Bed is a 
closed basin with no natural drainage outlet.  Irrigated agriculture begins at and below 
Success Reservoir and covers 182,100 acres within Tulare County of the Tulare Lake Basin. 
 
Success Reservoir forms above Success Dam on the main branch of the Tule River about 6 
miles east of the City of Porterville. Success Dam, with construction of the dam completed 
in 1961 by the U. S. Army Corps of Engineers (Corps), provides flood protection and storage 
for irrigation water. The earth fill dam is 145 feet high, 3,490 feet along the crest, and at a 
gross pool elevation of 652.2 feet mean sea level (msl). The dam and reservoir provide 
82,300 acre-feet (a.f.) of flood control and irrigation water storage capacity.   
 
A non-federal hydroelectric plant is located below Success Dam. Above Success Reservoir, 
two small hydroelectric power plants are located in the Tule River watershed. One plant is 
owned by the Pacific Gas and Electric Company and situated on the North Fork of the Middle 
Fork Tule River, and the other plant is owned by Southern California Edison and located on 
the Middle Fork Tule River. These hydroelectric plants operate on the unregulated flow of the 
Middle Fork Tule River. 
 
During the flood season (November – April), the storage in Success Reservoir is controlled by the 
Flood Control Diagram of the Corps, which requires flood releases if the storage exceeds a 
certain storage elevation in the Reservoir.  Outside the flood controlled season, the Tule River 
flow may be stored or released to satisfy the demands of the water rights holders downstream of 
Success Reservoir, all being members of the Tule River Association.  

The annual surface water runoff was compiled for Tule River at Success Reservoir from 1904 
through 2013 and is set forth in FIGURE 1-2: TULE RIVER ANNUAL RUN-OFF AT SUCCESS 
RESERVOIR.  The 110 year average annual runoff of the Tule River at Success Reservoir is 
140,000 acre feet. 
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FIGURE 1-2: TULE RIVER ANNUAL RUN-OFF AT SUCCESS RESERVOIR

 
 

B. Deer Creek Basin 
Deer Creek is located south of the Tule River and North of the Kern River, Poso Creek and 
White River. The Deer Creek watershed, 136 square miles (87,040 acres) above State 
Highway 65, drains a portion of the western slope of the Greenhorn Mountains, an 
intermediate range of the Sierra Nevada.  Deer Creek flows generally westward across the 
Lower San Joaquin Valley near the communities of Terra Bella and Pixley, through the 
Pixley Wildlife Refuge and terminates in the Homeland Canal of the Tulare Lake Bed.   
 
Under normal conditions of runoff, flows of Deer Creek gradually dissipate by diversions, 
channel percolation and evaporation. Only during periods of extreme runoff (flooding) do 
flows reach the Homeland Canal. Flood flows that reach the Homeland Canal are diverted 
to holding cells and are beneficially used for irrigation or evaporate.  The Tulare Lake Bed is 
a sump, does not have an outlet, and collects flood waters from numerous streams and 
rivers of the San Joaquin Valley. 
 
The watershed of Deer Creek is comprised of steep mountainous terrain covered mainly with 
pine and fir timber. At lower elevations, trees become scattered and brush is the 
predominant cover except at the foothill elevations where grass is the primary vegetation.  
Elevations within the Deer Creek watershed range from a maximum elevation of 8,300 feet 
above mean sea level at the headwater to a minimum of about 200 feet at Homeland Canal.  
Irrigated agriculture within the Deer Creek Basin commences at about elevation 600 feet and 
covers 137,500 acres in Tulare County of the Tulare Lake Basin. 
 
The annual surface water runoff was compiled for the Deer Creek at Fountain Springs from 1918 
through 2013 and is set forth in FIGURE 1-3: DEER CREEK ANNUAL RUN-OFF AT FOUNTAIN 
SPRINGS.  The 95 year average annual runoff of Deer Creek at Fountain Springs is 22,000 acre-
feet. 

0

100

200

300

400

500

600

700

19
04

19
07

19
10

19
13

19
16

19
19

19
22

19
25

19
28

19
31

19
34

19
37

19
40

19
43

19
46

19
49

19
52

19
55

19
58

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

20
12

Ac
re

 F
ee

t

Th
ou

sa
nd

s

Tule River Run-off Average



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
1-6 

 

FIGURE 1-3: DEER CREEK ANNUAL RUN-OFF AT FOUNTAIN SPRINGS 

 
 

C. White River Basin 
White River is located South of Deer Creek and North of Poso Creek and Kern River. The 
White River watershed contains 124 square miles (79,360 acres) above State Highway 65 
and drains a portion of the western slope of the Greenhorn Mountains, an intermediate 
range of the Sierra Nevada.  White River courses westward through the lower San Joaquin 
Valley near the communities of Ducor, Earlimart, Allensworth and Alpaugh in route to the 
Tulare Lake Bed. 
 
Typically, with normal conditions, the flow of White River dissipates as channel percolation 
and evaporation. Only during periods of extreme runoff (flooding) do flows reach the Tulare 
Lake Bed.  Flood flows that reach the Tulare Lake Bed are diverted to holding cells and 
beneficially used for i r r igat ion or evaporates.  The Tulare Lake Bed provides a closed 
basin, does not have an outlet, and collects flood waters from numerous tributary rivers and 
creeks. 
 
The White River watershed is similar to the Deer Creek watershed with a portion comprised 
of steep mountainous terrain covered mainly with pine and fir timber. At lower elevations 
scattered trees and brush are the predominant cover, except at the foothill elevations where 
grass is the primary vegetation.  Elevations within the White River watershed range from a 
maximum elevation of 8,300 feet above mean sea level at the headwater to a minimum of 
about 200 feet at the Tulare Lake Bed. Irrigated agriculture within the White River Basin 
commences at State Highway 65 and covers 132,500 acres in Tulare and Kern Counties 
of the Tulare Lake Basin. 
 
The White River has not had a consistent gaging station for monitoring flow.  The historical 
runoff of White River within the Tulare Lake Basin has not been monitored or recorded. 
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1-4 LAND USE 
 

The land use within the TBWQC boundary is predominantly agriculture with small communities 
scattered throughout the TBWQC area.  The communities and cities within the TBWQC are listed 
below: 
 
- City of Porterville 
- Community of Tipton 
- Community of Springville 
- Community of Alpaugh 
- Community of Pixley 
- Community of Earlimart 
- City of Delano 
- Community of Ducor 
- Community of Terra Bella 
- Community of Woodville 
- Community of Poplar 

 
In addition to the organized communities and cities, there are many individual homes and businesses 
within the TBWQC boundary.  ATTACHMENT C: TBWQC COMMUNITIES AND CITIES identifies 
the location of each community and city within the TBWQC boundary. 

 
A. Beneficial Uses 

The Regional Water Quality Control Board (RWQCB) has defined the beneficial uses for the 
Tule River, Deer Creek, and White River within the Water Quality Control Plan for the Tulare 
Lake Basin. Beneficial uses of waters of the Deer Creek Basin and the White River Basin are 
included in the Water Quality Control Plan as other Eastside Streams.   The beneficial uses of 
waters of the Tule River Basin, Deer Creek, and White River are provided in TABLE 1-3: 
TULE RIVER, DEER CREEK, AND WHITE RIVER BENEFICIAL USES.  
 

TABLE 1-3: TULE RIVER, DEER CREEK, AND WHITE RIVER BENEFICIAL USES 

River Section 

M
U

N
 

A
G

R
 

IN
D

 

PR
O

 

PO
W

 

R
EC

-1
 

R
EC

-2
 

W
A

R
M

 

C
O

LD
 

W
LD

 

R
A

R
E 

SP
W

N
 

G
W

R
 

FR
SH

 
Tule River  

Above Lake Success X X   X X X X X X X X  X 

Lake Success  X   X X X X  X    X 

Below Lake Success X X X X  X X X  X   X  

East Side Streams (includes Deer Creek 
and White River) X X    X X X X X   X  

MUN = Municipal and Domestic Supply; AGR = Agricultural Supply; I     II    IND = Industrial Service Supply; PRO = Industrial Process Supply; 
POW = Hydropower Generation; REC-1= Water Contact Recreation; REC-2 = Non-Contact Water Recreation; WARM = Warm 
Freshwater Habitat; COLD = Cold freshwater habitat; WILD = Wildlife habitat; RARE = Rare, Threatened or Endangered Species; 
SPWN = Spawning, Reproduction and/or Early Development; GWR = Ground Water Recharge; FRSH = Freshwater Replenishment 
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B. Tulare and Kern County Land Use Designation 
 
The TBWQC is situated within the southern portion of Tulare County and covers a small portion 
of northern Kern County.  There are two sources of Land Use Designations for the TBWQC. 
 
Department of Water Resources Crop Land Use 
The State of California, Department of Water Resources (DWR) publishes data on land use by 
crop type in each county.  APPENDIX A:  DWR LAND USE DEFINITIONS summarizes 
the different land use types identified. 
 
The general crop land use of the TBWQC within Tulare County and a portion of Kern County as of 
the DWR 2007 data, excluding the lands within the supplemental area (data for the 
supplemental boundary was sparse and unavailable as there is little irrigated agricultural 
land within this area) is summarized in TABLE 1-4:  DWR CROP LAND USE WITHIN THE 
TBWQC. Ba s e d  o n  t h e  2 0 07  D WR  da ta ,  a pproximately 364,000 acres (61%) of 
the developed land within the TBWQC Boundary is used for agricultural purposes.  A map 
identifying the location of the different land uses within the TBWQC per the DWR is 
identified on ATTACHMENT D: TBWQC CROP LAND USE MAP. 

 
TABLE 1-4:  DWR CROP LAND USE WITHIN THE TBWQC 

Land Use 
Area within TBWQC Boundary 

(Excludes Supplemental Boundary) 
acres 

Percent of Total Land 

IRRIGATED AGRICULTURE LAND USE 

Citrus and Subtropical 54,779.5 9.1% 

Deciduous Fruits and Nuts 59,647.0 9.9% 

Field Crops 53,215.8 8.9% 

Grain and Hay Crops 84,524.0 14.1% 

Pasture 49,176.3 8.2% 

Vineyard 35,892.5 6.0% 

Truck and Berry Crops 1,749.8 0.3% 

Incidental to Agriculture 15,350.2 2.6% 

Water Surface 9,747.5 1.6% 

Sub-Total (acres): 364,082.6 60.7% 

NON-IRRIGATED AGRICULTURE LAND USE 

Idle 11,578.5 1.9% 

Barren 49.6 0.0% 

Riparian Vegetation 1,598.1 0.3% 

Native Vegetation 186,677.7 31.1% 

Urban, Commercial, Industrial, Residential 35,892.5 6.0% 

Sub-Total (acres): 235,796.4 39.3% 

TOTAL (acres): 599,879.0   

Total Number of Dairy Facilities 110   
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Farmland Mapping and Monitoring Program (FMMP) 
The State of California Department of Conservation has a Farmland Mapping and 
Monitoring Program (FMMP) which produces maps and statistical data used for analyzing 
impacts on the California’s agricultural industry. Agricultural land is rated according to soil 
quality and irrigation status; the best quality land is called Prime Farmland. The maps are 
updated every two years with the use of a computer mapping system, aerial imagery, public 
review, and field reconnaissance. 

FMMP's study area is compatible with modern soil surveys developed by the US Department of 
Agriculture (USDA) . A classification system that combines technical soil ratings and current land 
use is the basis for the Important Farmland Maps of these lands. Most public land areas, such 
as National Forests and Bureau of Land Management holdings, are not mapped.   

The minimum land use mapping unit is 10 acres unless otherwise specified. Smaller units of land 
are incorporated into the surrounding map classifications.  In order to most accurately represent 
the NRCS digital soil survey, soil units of one acre or larger are depicted in Important Farmland 
Maps. 

Prime Farmland (P) 
Farmland with the best combination of physical and chemical features able to sustain 
long term agricultural production. This land has the soil quality, growing season, and 
moisture supply needed to produce sustained high yields. Land must have been used for 
irrigated agricultural production at some time during the four years prior to the mapping 
date.   

 
Farmland of Statewide Importance (S) 
Farmland similar to Prime Farmland but with minor shortcomings, such as greater slopes 
or less ability to store soil moisture. Land must have been used for irrigated agricultural 
production at some time during the four years prior to the mapping date.   
 
Unique Farmland (U) 
Farmland of lesser quality soils used for the production of the state's leading agricultural 
crops. This land is usually irrigated, but may include nonirrigated orchards or vineyards 
as found in some climatic zones in California. Land must have been cropped at some 
time during the four years prior to the mapping date. 
 
Farmland of Local Importance (L) 
Land of importance to the local agricultural economy as determined by each county's 
board of supervisors and a local advisory committee.   
 
Grazing Land (G) 
Land on which the existing vegetation is suited for the grazing of livestock. This category 
was developed in cooperation with the California Cattlemen's Association, University of 
California Cooperative Extension, and other groups interested in the extent of grazing 
activities. 

Urban and Built-up Land (D) 
Land occupied by structures with a building density of at least 1 unit to 1.5 acres, or 
approximately 6 structures to a 10-acre parcel. This land is used for residential, industrial, 
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commercial, construction, institutional, public administration, railroad and other 
transportation yards, cemeteries, airports, golf courses, sanitary landfills, sewage 
treatment, water control structures, and other developed purposes. 
 
Other Land (X) 
Land not included in any other mapping category. Common examples include low density 
rural developments; brush, timber, wetland, and riparian areas not suitable for livestock 
grazing; confined livestock, poultry or aquaculture facilities; strip mines, borrow pits; and 
water bodies smaller than forty acres.  Vacant and nonagricultural land surrounded on all 
sides by urban development and greater than 40 acres is mapped as Other Land. 

 
The general land use for the TBWQC within Tulare County and a portion of Kern County as of the 
FMMP data is summarized in TABLE 1-5:  TBWQC LAND USE. Ba s e d  o n  t he  2010  
F M M P  da t a ,  a pproximately 364,000 acres (61%) of the developed land within the 
TBWQC Boundary is used for agricultural purposes.  A map identifying the location of the 
different land uses within the TBWQC per the FMMP is identified on ATTACHMENT E:  
FMMP LAND USE MAP. 
 

TABLE 1-5:  TBWQC LAND USE 

FMMP Land Use Category Area (acres) % of Total Area  

IRRIGATED AGRICULTURE 
Confined Animal Agriculture 11,987.4 1.3% 

Farmland of Local Importance 93,554.1 9.9% 
Prime Farmland 179,817.5 19.0% 

Unique Farmland 4,965.6 0.5% 
Farmland of Statewide Importance 164,585.3 17.4% 

Semi-Agricultural and Rural Commercial Land 2,746.1 0.3% 
Sub-Total: 457,656.0 48.3% 

NON-IRRIGATED AGRICULTURE 
Urban and Built-Up Land 17,225.0 1.8% 

Natural Vegetation 95,461.4 10.1% 
Rural Residential 9,314.7 1.0% 

Grazing Land 214,147.8 22.6% 
Vacant or Disturbed 5,093.0 0.5% 

Water 2,561.1 0.3% 
Other Land 145,349.8 15.4% 
Sub-Total: 489,152.80 51.7% 

TOTAL (acres): 946,808.8   

*2010 Data from California Department of Conservation: Farmland Mapping and Monitoring Program - Kern and Tulare Counties 

http://www.consrv.ca.gov/dlrp/fmmp/Pages/Index.aspx 
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SECTION 2 – MONITORING AND REPORTING PROGRAM 

2-1 MONITORING AND REPORTING SITE SELECTION 
 
The waters of the state within the TBWQC (Tule River, Deer Creek, and White River) are to be 
monitored as required by General Order R5-2013-0120.  The goal of the monitoring program is to 
characterize the effect of discharges from irrigated agriculture on surface waters of the State.   
 

A. Rationale for Selecting Monitoring Sites Locations 
 
The sites selected for the fixed monitoring locations along the Tule River, Deer Creek, and White 
River were chosen to provide a series of monitoring sites among the irrigated agricultural lands 
along each water body within the TBWQC.  In general, along each of the three natural waterways 
within the TBWQC, a monitoring station was sited at the location the waterway enters the 
irrigated agriculture of the basin from the Sierra Nevada Mountains and a monitoring station at 
the downstream end of the waterway where limited flow occurs.  For the Tule River and Deer 
Creek, intermediate monitoring sites were added to better characterize and distinguish between 
potential discharges from the different irrigated lands and municipalities along the channel. 
 

B. Existing Monitoring Stations 
 
Since 2006, the Tule River Sub-Watershed has sampled and monitored the surface water quality 
at each of seven monitoring stations as follows: 
- Porter Slough below Road 192 
- Tule River at Road 144 
- Tule River at Road 92 
- Deer Creek at Road 248 
- Deer Creek at Road 176 
- Deer Creek at Road 120 
- White River at Road 208 
 

i. Historical and On-Going Monitoring Data for Each Site 
The historical water quality data for each monitoring station is included in APPENDIX B: 
HISTORICAL WATER QUALITY RESULTS FOR EXISTING MONITORING STATIONS.  
A summary of the frequency of monitoring for each station is provided in TABLE 2-1:  
EXISTING STATION SAMPLING FREQUENCY. 

 
TABLE 2-1:  EXISTING STATION SAMPLING FREQUENCY 

Porter 
Slough Near 

Rd 192 

Tule River 
at Road 

144 

Tule 
River at 
Road 92 

Deer Creek 
at Road 248 

Deer Creek 
at Road 176 

Deer Creek 
at Road 120 

White River 
at Road 208 

Date of First 
Sample 5/11/2009 8/1/2006 8/1/2006 3/9/2010 8/1/2006 8/1/2006 4/12/2006 

Total No. of 
Samples 12 28 27 21 27 24 5 

Average No. of 
Samples Taken 

Annually 
2.4 3.5 3.4 5.3 3.4 3.0 1.7 
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Based on the preceding data, the frequency of monitoring the TBWQC, considering the 
season, intermittent flows, and hydrology, about three to five sampling events occur on 
average each year. 
 
Tule River Sub-watershed Exceedances Management Plan 
On 5 December 2012, the RWQCB approved the Tule River Sub-watershed 
Exceedances Management Plan, which included a summary of those exceedances which 
occurred more than one time over a three year period between 2006 and September 
2012. TABLE 2-2: EXISTING MANAGEMENT PLAN SUMMARY identifies the 
management plans under preparation for each of the existing surface water monitoring 
stations. 

 
TABLE 2-2: EXISTING EXCEEDANCES MANAGEMENT PLAN SUMMARY 

Monitoring Station 

NUMBER OF EXCEEDANCES (2006 – SEPTEMBER 2012) 

pH E. coli Fecal 
coliform Chlorpyrifos Pimephale 

promelas 
Selanastrum 

capricronutum 
Hyalella 
azteca 

Porter Slough Near 
Road 192 2 5 3 - - - - 

Tule River at Road 144 - - - 2 - - - 

Tule River at Road 92 3 4 3 - 2 2 - 

Deer Creek at Road 248 2 12 8 - - - - 

Deer Creek at Road 176 - 4 - - 2 - - 

Deer Creek at Road 120 4 2 2 3 - - 2 

Total: 19 (includes only parameters that had at least 2 exceedances at a station during a 3 year 
period) 

 
TBWQC staff is continuing the implementation of the approved management plan for 
resolution of the exceedances by conducting source identification studies, further field 
analysis to identify the potential causes of the exceedance, and outreach to landowners. 
Updates to the studies, outreach, and analysis of the approved Management Plan will be 
included within the TBWQC Annual Report. 

 
C. Types of Monitoring Sites 

 
TBWQC ambient surface water quality and toxicity and sediment toxicity monitoring of the impact 
of agriculture discharges will be conducted considering three types of monitoring:  Core 
Monitoring, Assessment Monitoring, and Ephemeral Monitoring.  Although Deer Creek and White 
River are ephemeral streams and Tule River is controlled by Success Dam, Core and 
Assessment Monitoring will be conducted for all three water bodies.  The selections of the 
monitoring sites on each stream are designed to characterize the result of discharges from 
irrigated agriculture on waters of the State. 
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Core Monitoring Sites 
Core monitoring will be used to track trends in surface water quality over time.  Core monitoring 
will be conducted at the permanent monitoring stations along the waterways of the Tule River, 
Deer Creek, and White River within the TBWQC boundary.  The Core monitoring will be 
performed on a regular schedule each month.  The TBWQC Core Monitoring sites were chosen 
using the following criteria: 

 A series of locations along each stream throughout the TBWQC area, with the stations 
located along the eastern boundary where surface waters enter the beginning of 
agriculture activities in each basin, intermediate sites along the waterway, and a 
downstream site near the western boundary of the basin.  Some of the sites are in areas 
of regulated flow, others are in areas where there is intermittent flow.  

 Sites were chosen where a gaging station existing and historical data was available. 
 Sites that were a part of the previous Surface Water Waiver Monitoring and Reporting 

Program to utilize the historical database from which trends may be evaluated. 
 
Assessment Monitoring Sites 
Assessment monitoring will be conducted to track changes in surface water quality and identify 
more specifically the effect of management practices used in irrigated agricultural practices.  
Assessment monitoring will be at the same permanent locations along the Tule River, Deer 
Creek, and White River defined for Core monitoring.  Because the natural waterways within the 
TBWQC are generally smaller streams due to smaller upper tributary watersheds, Assessment 
and Core monitoring will be conducted at sites best located to capture flow during times of runoff 
and within the irrigated agriculture realm of the TBWQC. 
 

2-2 MONITORING SITES  
 
Each of the monitoring sites described below will be used for both Core and Assessment monitoring.  
ATTACHMENT F: TBWQC MONITORING SITES identifies the proposed location for each 
monitoring site within the TBWQC boundary.  The location of each monitoring site is specifically 
identified in TABLE 2-3:  MONITORING SITE LOCATIONS. 
 
A photograph of each monitoring station is included in APPENDIX C:  MONITORING STATION 
PHOTOGRAPHS. 

 
TABLE 2-3:  MONITORING SITE LOCATIONS 

Monitoring Station Township Range Section Latitude Longitude 

Tule River at Plano Bridge 21S 28E 36 36.05586515360 -119.00812471000 

Porter Slough Near Road 192 21S 27E 11 36.11616143620 -119.13398697900 

Tule River at Road 144 21S 26E 4 36.12826860190 -119.25063073100 

Tule River at Road 92 21S 25E 22 36.09301932380 -119.36660043700 

Deer Creek at Road 248 22S 28E 25 35.99260167460 -119.01786413800 

Deer Creek at Road 176 23S 27E 9 35.94674155250 -119.17955110500 

Deer Creek at Road 120 23S 26E 19 35.91244837560 -119.30377598200 

White River at Road 208 24S 27E 12 35.85859732220 -119.10788724900 

White River at Road 128 24S 26E 8 35.85569181130 -119.28597505800 
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The different crop land use legend is identified for reference for the crop maps associated with 
each station in FIGURE 2-1:  CROP LAND USE LEGEND.   

 
FIGURE 2-1:  CROP LAND USE LEGEND 

 
 

A. Tule River at Plano Street Bridge – Porterville, CA 
 

i. Physical Description 
The Tule River at Plano Street Bridge monitoring site is located at the eastern edge of 
the City of Porterville.  This location is approximately 5 miles downstream of Success 
Dam at the location where the Tule River crosses beneath Plano Street.  The sampling 
of Tule River flows at this site will occur on the east side of Plano Bridge.  The 
monitoring station location with the land use of the crops is identified in FIGURE 2-2: 
TULE RIVER AT PLANO STREET BRIDGE. 
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FIGURE 2-2: TULE RIVER AT PLANO STREET BRIDGE 

 
 

ii. Rationale 
This monitoring station was chosen to monitor the upstream flows of the Tule River.  
This station is 5 miles downstream of Success Dam and upstream of the effects of the 
City of Porterville, and provides the opportunity to establish baseline surface water 
quality data for the Tule River.  This station was not included as part of the previous 
Surface Water Waiver program and has been added to establish the baseline water 
quality conditions of the Tule River prior to entering the City of Porterville and extensive 
irrigated agriculture.  The water quality results from this site can be compared to the 
downstream monitoring site results for location and identification of sources of parameter 
exceedances.  The monitoring site has adequate accessibility through City and County 
roads.   

 
B. Porter Slough Near Road 192 – Porterville, CA 

 
i. Physical Description 

This monitoring station is located approximately 4.5 miles northwest of the City of 
Porterville.  Porter Slough is a natural distributary of the Tule River with the head works 
approximately 2.5 miles downstream of Success Dam.  The Porter Slough channel 



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
  2-6 
 

traverses 12 miles through the City of Porterville and Porterville Irrigation District prior to 
terminating into a Lower Tule River Irrigation District (LTRID) canal.  The sampling point 
is located within Porter Slough upstream of the discharge into the LTRID canal.  This 
monitoring station is located within the Porterville Irrigation District.  The monitoring 
station location with the land use of the crops is identified in FIGURE 2-3: PORTER 
SLOUGH NEAR ROAD 192. 

 
FIGURE 2-3: PORTER SLOUGH NEAR ROAD 192 

 
 

ii. Rationale 
The monitoring station was selected to monitor Porter Slough flows for the impact of 
irrigated agriculture within the northern portion of the Porterville Irrigation District.  The 
location also provides monitoring data for storm water discharges that might occur within 
the City of Porterville.  The monitoring station has accessibility through County roads and 
canal bank roadways.  This monitoring station has also been a monitoring station of the 
Surface Water Waiver Program and provides a continuation of data for trend analysis 
and evaluation.   
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C. Tule River at Road 144 (North Fork) – Woodville, CA 
 

i. Physical Description 
This station is located approximately 3.5 northwest of Woodville, CA.  The Tule River 
bifurcates at Road 192 into North and South Fork channels.  Downstream on the South 
Fork at Road 168, the South Fork further bifurcates into a Middle Fork and South Fork.  
At Road 144, the South Fork and Middle Fork join as the South Fork and at Road 104 
the South Fork and North Fork rejoin back into one main Tule River channel that 
continues to the Tulare Lake Bed.  The Tule River at Road 144 monitoring site is located 
along the North Fork of the Tule River, just downstream of where LTRID canal 
discharges CVP water from the Friant Kern Canal into the Tule River.  The land uses 
surrounding this station are predominantly agriculture, ranging from row crops to 
different permanent crops and is located in the northern central portion of LTRID.  The 
monitoring station location with the land use of the crops is identified in FIGURE 2-4: 
TULE RIVER AT ROAD 144 (NORTH FORK). 

 
FIGURE 2-4: TULE RIVER AT ROAD 144 (NORTH FORK) 

 
 

ii. Rationale 
The natural flow of the Tule River is controlled by Success Dam.  During the winter 
months, water is released from Success Reservoir per the Army Corps of Engineer 
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Flood Control Diagram, and used primarily for recharge which normally occurs during 
wet years.  During the summer months, the water stored in Success Reservoir is 
released based upon irrigation demands of the downstream water rights holders.  One of 
the main distribution channels for conveyance of irrigation waters to LTRID landowners 
is the North Fork of the Tule River.  LTRID is a member of the Friant Water Authority and 
has a contractual water supply from the Bureau of Reclamation.  The main distribution 
canal for the delivery of CVP water within the northern portion of the TBWQC and LTRID 
is the North Fork of the Tule River which is also regularly used for the delivery of Tule 
River water.  Monitoring of Tule River flow at Road 144 will identify any change in water 
quality between both the Tule River at Plano Bridge station and the Porter Slough below 
192 station.  The monitoring station has adequate accessibility through County roads 
and has also been a monitoring station of the Surface Water Waiver Program providing a 
continuation of data for trend analysis and evaluation.   
 

D. Tule River at Road 92 – Tipton, CA 
 

i. Physical Description 
This station is located approximately 4 miles northwest of Tipton, CA.  The Tule River at 
Road 92 station is located downstream of where the North Fork, Middle Fork, and South 
Fork all merge together forming a single Tule River Channel to the Tulare Lake Bed.  
This station is surrounded by irrigated agriculture of row crops and different permanent 
crops within LTRID. The monitoring station location with the land use of the crops is 
identified in FIGURE 2-5: TULE RIVER AT ROAD 92. 
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FIGURE 2-5: TULE RIVER AT ROAD 92 

   
 

ii. Rationale 
At Road 92, the Tule River channel provides the main conveyance of irrigation waters for 
landowners within the northern portion of LTRID.  The monitoring at this station will 
identify any changes in water quality between the Tule River at Road 144 and water that 
may have been diverted into the South Fork of the Tule River.  Westerly of the Road 92 
station the land is used predominantly as a recharge area, which has no irrigated 
agriculture.  In addition, the monitoring station has adequate accessibility through 
County roads and river bank roadways, and has also been a monitoring station of the 
Surface Water Waiver Program and will provide the continuation of data for trend 
analysis and evaluation.   
 

E. Deer Creek at Road 248 – Terra Bella, CA 
 

i. Physical Description 
The Deer Creek at Road 248 station is located where the foothills of the Sierra Nevada 
Mountains meet the flat lands of the basin, approximately 2.5 miles northeast of Terra 
Bella, CA.  At this location, the land use is primarily range land for cattle grazing.  This 
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location is not within an Irrigation District boundary.  The monitoring station location with 
the land use of the crops is identified in FIGURE 2-6: DEER CREEK AT ROAD 248. 

 
FIGURE 2-6: DEER CREEK AT ROAD 248 

 
 

ii. Rationale 
Deer Creek is not regulated by a dam; therefore the natural flow of Deer Creek typically 
occurs during the rainfall season and between April and July when the snow melts in the 
upper watershed.  This monitoring station provides the baseline water quality data for 
Deer Creek flows prior to entering the irrigated agriculture of the basin.  The monitoring 
station has adequate accessibility through County roads, and has also been a 
monitoring station of the Surface Water Waiver Program and will provide a continuation 
of data for trend analysis and evaluation.   
 

F. Deer Creek at Road 176 – Pixley, CA 
 

i. Physical Description 
This station is located approximately 6 miles southeast of Pixley, CA.  The land use 
surrounding this station is predominantly irrigated agriculture, consisting of permanent 
crops and limited row crops.  This station is located within the Saucelito Irrigation District.  
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The monitoring station location with the land use of the crops is identified in FIGURE 2-
7: DEER CREEK AT ROAD 176. 

 
FIGURE 2-7: DEER CREEK AT ROAD 176 

 
 

ii. Rationale 
One of the main sources of irrigation water for this area is CVP water imported through 
the Friant Kern Canal.  Pixley Irrigation District uses the Deer Creek channel for 
groundwater recharge and for the conveyance of imported water to their landowners.  
The station is located in the Deer Creek channel downstream of the Friant Kern Canal 
CVP water discharge into Deer Creek providing a sampling station for both Deer Creek 
natural flow between the Road 248 station and the Road 176 station and for CVP 
imported water, giving a higher probability of water flow at the monitoring station.  There 
are no locations along the Deer Creek channel where irrigation water is discharged back 
into Deer Creek.  The monitoring station has adequate accessibility through County 
roads, has been a long term flow gaging station, and was a monitoring station of the 
Surface Water Waiver Program providing a continuation of data for trend analysis and 
evaluation.   
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G. Deer Creek at Road 120 – Pixley, CA 
 

i. Physical Description 
This station is located approximately 3.5 miles southwest of Pixley, CA.  The land use 
surrounding this location is predominantly irrigated agriculture, ranging between different 
row crops and permanent crops.  This station is located within the Pixley Irrigation 
District.  The monitoring station location with the land use of the crops is identified in 
FIGURE 2-8: DEER CREEK AT ROAD 120. 

 
FIGURE 2-8: DEER CREEK AT ROAD 120 

 
ii. Rationale 

At Road 120, the conveyance of imported CVP water in Deer Creek for Pixley Irrigation 
District terminates, and only Deer Creek natural flow, typically flood water, passes this 
location.  This monitoring station will identify changes in water quality of flows in Deer 
Creek, both natural flow and imported CVP water between the Road 176 station and the 
Road 120 station.  The monitoring station has adequate accessibility through County 
roads and has been a monitoring station of the Surface Water Waiver Program and will 
provide continuation of data for trend analysis and evaluation.   
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H. White River at Road 208 – Ducor, CA 
 

i. Physical Description 
This station is located approximately 4 miles southwest of Ducor, CA.  The Road 208 
station is located above the beginning of irrigated agriculture along White River.  This 
location is within the Kern-Tulare Water District.  The monitoring station location with the 
land use of the crops is identified in FIGURE 2-9: WHITE RIVER AT ROAD 208. 

 
FIGURE 2-9: WHITE RIVER AT ROAD 208 

 
 

ii. Rationale 
White River is not regulated by a dam. The natural flow of White River typically occurs 
during the rainfall season and between April and July when the snow melts in the upper 
watershed.  This monitoring station provides baseline water quality data for White River 
flow prior to entering irrigated agriculture of the basin.  This monitoring station has 
adequate accessibility through County roads, has been a long term gaging station, and 
was a monitoring station of the Surface Water Waiver Program providing the 
continuation of data for trend analysis and evaluation.   
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I. White River at Road 128 – Earlimart, CA 
 

i. Physical Description 
This station is located approximately 2 miles southwest of Earlimart, CA.  The land use 
surrounding this station is predominantly various permanent crops.  The station is 
located within the Delano Earlimart Irrigation District (DEID).  The monitoring station 
location with the land use of the crops is identified in FIGURE 2-10: WHITE RIVER AT 
ROAD 128. 

 
FIGURE 2-10: WHITE RIVER AT ROAD 128 

 
 

ii. Rationale 
White River is used for conveyance by DEID of imported CVP water from the Friant 
Water Canal for groundwater recharge.  This monitoring station will identify the changes 
in water quality of flow in White River between the Road 208 station and Road 128 
station.  This station will serve as the downstream surface water station of the White 
River as further west of there is limited irrigated agriculture and rarely there is flow past 
this station.  The monitoring station has adequate accessibility through County roads 
and is proposed as a new station for White River water quality monitoring that was not 
previously a part of the Surface Water Waiver Program. 
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SECTION 3 – MONITORING AND REPORTING SCHEDULE 

3-1 MONITORING TYPE AND FREQUENCY 
 
The TBWQC schedule for the surface water monitoring and reporting is based on a Calendar year. 
 
Core Monitoring:  Core monitoring sites will be monitored on a repeating three-year cycle, one year 
of sampling for assessment monitoring parameters followed by two consecutive years of sampling for 
core monitoring parameters.  The cycle will repeat continuously.  During each core sampling year, 
core sampling will be conducted at each monitoring site monthly between the 12th and 18th of each 
month unless storm flows occur during the Spring and Fall periods.  During dry conditions of no flow, 
a photograph and field inspection sheet will be prepared.   
 
Assessment Monitoring:  Assessment monitoring shall be conducted at all monitoring sites for a 
period of one year and then repeated after 2 years of core monitoring on a regular rotating basis.  
The period of rotation is to continue per the schedule of the previous waiver program, where in the 
last assessment monitoring was completed during calendar year 2013.  During each assessment 
year, the assessment monitoring sites will be monitored monthly between the 12th and 18th of each 
month.  Also, during periods of dry conditions of no flow, a photograph and field inspection sheet will 
be prepared.   
 
Sediment Toxicity:  Sediment samples shall be collected and analyzed twice per year, with one 
sample collected between 15 August and 15 October, and one sample collected between 1 March 
and 30 April, during each year of either Assessment or Core Monitoring.  If there is no water flow 
present during these periods of the year, it will be noted on the field inspection sheet and no 
sediment toxicity samples will be taken. 
 
Surface Water Quality Management Plan Monitoring:  Surface Water Quality Management Plan 
(SQMP) monitoring is required where there is an exceedance of a water quality objective or trigger 
limit more than one time in a three year period.  A SQMP will be prepared at that time with a specific 
monitoring schedule for the parameter of exceedance at the site and to identify any special 
monitoring at other sites needed to help identify the source of the exceedance. 
 
Stormwater Runoff Monitoring:  Sampling events shall be scheduled to capture at least two 
stormwater runoff events per year.  At times, the stormwater events may align with the standard core 
and assessment monitoring schedule and the stormwater monitoring will be completed during that 
schedule.  The stormwater event may be predicted based on precipitation within each basin, as 
runoff from the Sierra Nevada Mountains is the primary source of stormwater flow.  However, the 
Tule River flow is a controlled river by Success Dam and releases are controlled by the Army Corps 
of Engineers during storm events.  The criteria for determining the storm runoff event shall be as 
follows: 
 
- Due to the intermittent nature of stormwater flow in each basin, there shall be a minimum of 

three consecutive days of precipitation within the watershed and basin as measured at the 
following CIMIS and DWR precipitation stations: 

o Delano (White River Stations, Deer Creek Stations) 
o Porterville (Tule River Stations, Deer Creek Stations) 
o Success Reservoir (Tule River Stations) 
o Alpaugh (White River Stations, Deer Creek Stations) 
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- Within 12 hours after the third consecutive day of precipitation, the collection of stormwater 
samples will be taken at each monitoring site where there is flow, along with completion of a field 
inspection sheet and photograph. 

- The parameters to be analyzed of samples taken during the stormwater events will coincide with 
the parameters sampled for either the Core or Assessment monitoring requirement of that year. 

 
The schedule of the Core and Assessment monitoring cycle is outlined in TABLE 3-1:  
MONITORING CYCLE. 
 

TABLE 3-1: MONITORING CYCLE 

Monitoring Type 
Year 1 Year 2 Year 3  

Calendar Year 2014 Calendar Year 2015 Calendar Year 2016 
Sample Mid-Month when flow is present 

Core X X    
Assessment   X 

Sediment Toxicity 2 times per year (August 15 - October 15 and March 1 - April 30)  

Management Plan As needed (more than 1 exceedance in three years) 

Stormwater 2 times per year (may occur at same time of Core/Assessment monitoring) 

Note:  Cycle Repeats every three years 
 
3-2 MONITORING PARAMETERS  

 
The water quality parameters, as determined from the surface waters sampled, will be used to 
assess whether there are discharges from irrigated lands entering the natural waterways that will 
cause exceedances of the Basin Plan Objectives or trigger limits, and to evaluate the effectiveness 
of management practices implementation.  The water quality will be evaluated using both field-
measured parameters and laboratory analytical data.  APPENDIX D: MONITORING PARAMETERS 
identifies the parameters to be monitored, depending on the type (Core or Assessment). 
 
The pesticides parameters included are those pesticides commonly used in Tulare County, based on 
data from the Tulare County Agriculture Commissioners office and the Department of Pesticide 
Regulation.  TABLE 3-2: HISTORICAL PESTICIDE QUALITATIVE RESULTS PER STATION 
(MAXIMUM) identifies the maximum level measured during the period 2006 – 2013, of which those 
in red are those samples which exceeded the numeric water quality trigger limits during this period.  
APPENDIX E:  TULARE COUNTY PESTICIDE SUMMARY includes a listing of the most commonly 
used pesticides in Tulare County during 2013, ranked by acres covered.  The locations of where 
pesticides were applied according to the Tulare County 2013 permits are identified in ATTACHMENT 
G: 2013 PESTICIDE APPLICATION LOCATIONS.  
 
 
 
 
 
 
 
 
 
 
 



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
3-3 

 

TABLE 3-2: HISTORICAL PESTICIDE SAMPLE RESULTS PER STATION (MAXIMUM) 

Pesticide Units Trigger 
Limit 

Porter 
Slough 
Near Rd 

192 

Tule 
River at 

Road 144 

Tule 
River at 
Road 92 

Deer 
Creek at 
Road 248 

Deer 
Creek at 

Road 
176 

Deer 
Creek at 

Road 
120 

White 
River at 

Road 208 

Methoxychlor ug/L 0.03 ND ND ND ND ND ND ND 

Atrazine ug/L 1 ND ND ND ND ND ND ND 
Cyanazine ug/L 1 ND ND ND ND ND ND ND 
Simazine ug/L 4 ND ND ND ND ND ND ND 

Methamidopho
s ug/L 0.35 ND ND ND ND ND ND ND 

DDE ug/L 0.00059 ND ND ND ND ND ND ND 
DDT ug/L 0.00059 ND ND ND ND ND ND ND 
DDD ug/L 0.00083 ND ND ND ND ND ND ND 

Dicofol ug/L NA ND ND ND ND ND ND ND 
Dieldrin ug/L 0.00014 ND ND ND ND ND ND ND 
Endrin ug/L 0.036 ND ND ND ND ND ND ND 

Bifenthrin ug/L NA ND ND ND ND ND ND 0.005 
Cyfluthrin ug/L NA ND ND ND ND ND ND 0.005 

Cypermethrin ug/L NA ND ND ND ND ND ND 0.005 
Esfenvalerate ug/L NA 1.4 ND ND 1.2 1.6 0.9 0.005 
Fenpropthrin ug/L NA ND ND ND ND ND ND 0.01 

Lamba 
cyhalothrin ug/L NA ND ND ND ND ND ND 0.01 

Permethrin ug/L NA ND ND ND ND ND ND 0.005 
Aldicarb ug/L 3 ND ND ND ND ND ND 0.766 
Carbaryl ug/L 2.53 ND ND ND ND ND ND ND 

Carbofuran ug/L 0.5 ND ND ND ND ND ND 0.849 
Diuron ug/L 2 ND ND ND ND ND ND 1.46 
Linuron ug/L 1.4 ND ND ND ND ND ND 1.8 

Methiocarb ug/L 0.5 ND ND ND ND ND ND 0.885 
Methomyl ug/L 0.52 ND ND ND ND ND ND 0.944 
Oxamyl ug/L 50 ND ND ND ND ND ND 1.45 

Azinphosmethyl ug/L 0.01 ND ND ND ND ND ND ND 
Chlorpyrifos ug/L 0.015 0.0065 0.15 0.018 ND 0.022 0.079 1.96 
Demeton-S ug/L NA ND ND ND ND ND ND ND 

Diazinon ug/L 0.1 ND ND ND ND ND ND ND 
Dichlorvos ug/L 0.085 ND ND ND ND ND ND ND 
Dimethoate ug/L 1 ND ND ND ND ND ND ND 
Disulfoton ug/L 0.05 ND ND ND ND ND ND ND 
Malathion ug/L 0.1 ND ND ND ND ND ND ND 

Methidathion ug/L 0.7 ND ND ND ND ND ND ND 
Molinate ug/L 13 ND ND ND ND ND ND ND 

Parathion, 
methyl ug/L 0.08 ND ND ND ND ND ND ND 

Phorate ug/L 0.7 ND ND ND ND ND ND ND 
Phosmet ug/L 140 ND ND ND ND ND ND ND 

Thiobencarb ug/L 3.1 ND ND ND ND ND 0.121 ND 
Glyphosate ug/L 700 ND ND ND ND ND 2.57 ND 
Paraquat ug/L 3.2 ND ND ND ND ND ND ND 
Trifluralin ug/L 5 ND ND 21 ND ND ND ND 

 
 
 



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
3-4 

 

The metals identified in APPENDIX D: MONITORING PARAMETERS to be sampled were based on 
the historical sampling.  Since 2006, the complete list of metals included within the General Order 
has been sampled at each of the Deer Creek, White River, and Tule River monitoring stations.  
Based on the results, many of the monitoring sites have not had exceedances at the time the 
samples were taken during the assessment monitoring schedule.  TABLE 3-3: HISTORICAL 
METAL QUALITATIVE RESULTS PER STATION (MAXIMUM) identifies the maximum level 
measured during the period 2006 – 2013, of which no metals exceeded the numeric water quality 
trigger limits during this period. 
 

TABLE 3-3: HISTORICAL METAL SAMPLE RESULTS PER STATION (MAXIMUM) 

Metal Units Trigger 
Limit 

Porter 
Slough 
Near Rd 

192 

Tule River 
at Road 

144 

Tule River 
at Road 

92 

Deer 
Creek at 

Road 
248 

Deer 
Creek at 
Road 176 

Deer 
Creek at 

Road 
120 

White 
River at 

Road 
208 

Arsenic ug/L 10 1.27 3.17 1.57 2.36 2.26 2 ND 
Boron ug/L 1,000 43.2 45.8 47.8 93.7 29.1 25.8 ND 

Cadmium ug/L 5 2.94 0.208 0.0996 0.085 0.084 0.147 ND 
Copper ug/L 1,000 10.1 11.1 14.2 3.82 15.1 26.2 ND 
Lead ug/L 15 0.92 1.32 1.33 5.43 1.13 0.697 ND 
Nickel ug/L 100 1.788 2.22 3.34 3.84 1.33 3.55 ND 

Selenium ug/L 5 0.199 0.451 1.28 0.299 0.345 0.154 ND 
Zinc ug/L 5,000 70.2 31.7 51.8 34.5 25.2 15.6 ND 

Molybdenum ug/L 10 2.28 2.12 1.88 8.15 5.47 6 ND 
 

The TBWQC is not proposing to prioritize the sampling of any parameters at any monitoring station, 
but rather follow the criteria for the Core and Assessment monitoring described in APPENDIX D.  
Each of the watersheds are similar in land use, topography, and crops grown, therefore a distinctive 
monitoring schedule or testing of different parameters are not proposed for any monitoring station. 
 

3-3 NOTIFICATION OF EXCEEDANCES 
 
The TBWQC will provide surface water exceedance reports if monitoring results show an 
exceedance of a parameter of the Basin Plan water quality objective or trigger limit.  For each 
surface water quality objective exceeded at a monitoring site, an Exceedance Report will be 
submitted via email to the designated RWQCB staff person within five (5) days of receiving the 
laboratory analytical report for an event.  The Exceedance report will include: 
 
- the estimated flow at the monitoring site 
- photograph of the site 
- description of exceedance 
- actions to address exceedance by TBWQC 
 
When the exceedance is a pesticide or toxicity, the TBWQC will follow up with an investigation of the 
pesticide use over the prior four weeks within the vicinity of the monitoring site.  A summary of the 
investigation will be included within the Annual Monitoring Report. 
 

3-4 MANAGEMENT PRACTICES IMPLEMENTATION 
 
Over the course of monitoring when exceedances occur at a sample site more than one time over a 
three year period, the TBWQC is required to formulate a Management Plan.  The Management Plan 
contains goals and actions designed to address the source of the exceedance specific to the site.  
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Management practices, outreach, and implementation are important components to the success of 
the plan.  Based on the plan, management practices are recommended to growers within the area of 
the exceedance.  If the management practices are applicable to a large area, the management 
practices identified during the Management Plan implementation and outreach will be recommended 
to growers of the TBWQC during annual outreach meetings. 
 
The TBWQC will attempt to document the management practices of growers and identify which 
practices are more effective for the protection of surface water than others.  New management 
practices are consistently being updated by growers within the TBWQC for more farm efficiency and 
to optimize yields.  As the TBWQC continues the implementation of the General Order, the 
management practices of the growers will be better documented through the Farm Evaluation Plan, 
the Management Practice Evaluation Plan, and the Sediment and Erosion Assessment Report.  
Outreach under these separate programs will also help identify those practices protective of surface 
waters of the State. 
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SECTION 4 – QUALITY ASSURANCE PROJECT PLAN 

4-1 PROJECT MANAGEMENT 
 
The Quality Assurance Project Plan (QAPP) will be managed by the Tule Basin Water Quality 
Coalition.  The general mode of programmatic management and decision-making for administrative 
and technical issues is through consensus discussions that take place at regular Advisory Committee 
meetings (monthly) and Board meetings (bi-monthly).  The technical staff of the TBWQC will make 
recommendations to the Advisory Committee and Board for their consideration and approval. 
 

A. Contact Information 
 
The contact information for the Tule Basin Water Quality Coalition is: 
2904 W. Main Street 
Visalia, CA 93291 
559-627-2948 
 

B. Project Organization and Responsibility 
 
The QAPP is managed and organized with the following persons responsible as follows: 
 
Project Coordinator – R.L. Schafer, RCE 
Technical Lead / Project Manager – David De Groot, RCE 
Laboratory Analysis –To be determined (the TBWQC prepared a RFP and received proposals 
from three laboratories.  The final decision on the laboratory to be used will occur in Fall 2014) 
 
The TBWQC Project staff will coordinate sample collection by a contract laboratory.  A laboratory 
certified by the California Environmental Laboratory Accreditation Program (ELAP) will perform 
analyses.  The laboratory will meet the Quality Assurance and Control requirements identified in 
the General Order.  The TBWQC staff will include qualified resource analysts and engineers 
responsible for preliminary review of reports and report preparation.  The TBWQC staff will review 
laboratory reports for completeness prior to submittal to the RWQCB. 
 

C. Training and Certification 
 
Recommended Training for TBWQC Field Personnel 
Proper training of field personnel represents a critical aspect of quality control.  Field 
technicians will be trained to conduct a wide variety of activities using standardized protocols 
to ensure comparability in data collection among crews and across geographic areas.  In 
addition to in-field training and certification/documentation of such training, all crews will be 
evaluated on their field performance during field QA audits conducted by the TBWQC QA 
Program staff. The conducting of such field performance audits is recommended every two 
years, or more often if necessary.  If deficiencies of a crew are noted during this QA audit, 
they will be documented and remedied prior to the continuation of field sampling. This can 
be accomplished by additional training or by changing crew composition, but verification of 
correction of any deficiency must be documented in writing prior to the resumption of further 
sample collection activities. 

 



 

TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
4-2 

 

Safety Guidelines for Field Activities 
Personnel conducting field activities for TBWQC will be well-versed in standard safety 
procedures for such activities.  It is the responsibility of the QA officer or Safety Officer or 
supervisor, or designee, to ensure that safety training is mandatory for all field personnel, and 
that such training is documented in training certifications/records maintained and updated for 
all participating TBWQC field staff.  The TBWQC entity conducting field activities is 
responsible for preparing and maintaining a current Field Safety Manual (FSM) in compliance 
with the Occupational Safety and Health Administration (OSHA). The FSM will be readily 
available to field personnel, including all appropriate Material Safety Data Sheets (MSDS) 
information for chemicals that may need to be used while in the field. Proper procedures for 
safe storage , handling, shipping, transport, and disposal of chemicals and other materials will 
be followed at all times in the field; each chemical or field sample will be treated as a 
potential health hazard and good field safety practices will be implemented accordingly.  
 
Recommended Training and Proficiency Documentation for TBWQC Personnel 
To ensure samples are analyzed in a consistent manner, the TBWQC contracted laboratory 
shall perform the following: 
- Key laboratory personnel shall participate in an orientation session conducted during an 

initial site visit or via communications with appropriate TBWQC staff. The purpose of such 
orientation session is to familiarize key laboratory personnel with the TBWQC QAPP and 
the specific QA/QC program for the analyses being conducted by the laboratory for the 
TBWQC. 

- Meetings, whether by phone or in person, shall be held with the laboratory at regular 
intervals to continually review QA/QC procedures, and to make recommendations for 
future revisions to update the TBWQC QAPP.  The more frequent interactions with 
respective laboratory staff, the better the understanding of, and communication of, key 
issues or correction of problems. 

- Minimum proficiency requirements that analytical lab staff must meet shall be established 
and documented, and updated as necessary. Documentation of required expertise and 
on-going training for laboratory staff is required. Documentation of each analyst or 
technician must be provided regarding their proficiency in using analytical equipment and 
conducting analytical protocols, as well as documenting proficient in-house general lab 
procedures, such as glassware cleaning, sample preparation and processing, hazardous 
materials handling, storage, disposal, etc. All laboratory staff must demonstrate 
proficiency in all the required laboratory activities that they conduct, as certified by the 
Laboratory QA Officer, or designee, documented in training records developed and 
maintained for lab personnel. 
 

Laboratory Health and Safety Requirements 
The laboratory shall be operated and maintained in a safe manner, and provide a working 
environment for staff that has as its top priority the implementation of all measures necessary 
for the highest level of protection of employee health and safety. Personnel in the laboratory 
performing analyses for the TBWQC shall be well-versed in good laboratory practices, 
including standard safety procedures. It is the responsibility of the particular participating 
laboratory QA Officer, laboratory manager and/or supervisor to ensure that safety training is 
mandatory for all laboratory personnel, and that such training is documented in training 
certifications/records maintained and updated for all participating laboratory staff. The 
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laboratory shall be responsible for maintaining a current Laboratory Safety Manual (LSM) in 
compliance with Occupational Safety and Health Administration (OSHA), or equivalent state 
or local regulations. The LSM will be readily available to, and readily understood by, all 
laboratory personnel, including all appropriate Material Safety Data Sheets (MSDS) 
information. Proper procedures for safe storage, handling and disposal of chemicals will be 
followed at all times; each chemical will be treated as a potential health hazard and good 
laboratory practices will be implemented accordingly. 
 

D. Documentation and Records 
 
All field data gathered shall be recorded on standardized field data entry forms (all sites must 
have this form completed), for Water Quality (sites which require any analyses to be 
conducted on water samples), and for Sediment (sites which require any analyses to be 
conducted on sediment samples). These forms and this process will be provided by the 
contract laboratory performing the sampling. 
 
All laboratory analysis reports will be submitted by the laboratory to the TBWQC for record. 

 
• These data records are recommended to be maintained for at least eight years in files of 

the TBWQC. 
• Data may be reported to the TBWQC in either hard copy or electronic format 
• A digital copy of all data shall be kept on file at the TBWQC office for review by the TBWQC 

Program QA staff during annual performance reviews. 
• Records of the documents can be made available to RWQCB staff upon request. 

 
4-2 FIELD PROCEDURES 

 
Sampling generally occurs over one or two days per event, with one event occurring each month.   
 

A. Sample Collection Methods 
 
Surface water and sediment samples will be collected for chemical analyses and biological 
toxicity testing.  A complete list of the parameters to be sampled is provided in APPENDIX D: 
MONITORING PARAMETERS. 

 
Required field procedures will be used by TBWQC staff or the contracting laboratory 
conducting the field sampling as noted. All sample collection, custody, and documentation 
procedures will be in accordance with the requirements of the certified laboratory. 
 
Field Sampling Collection Method 
Proper sampling techniques must be used to ensure that a sample is representative of the 
flow in the cross section. Samples should be collected using a standard multi-vertical depth 
integrating method to obtain the most representative isokinetic sample possible. By using this 
method the water entering the sampler is hydrodynamically equivalent to the portion of the 
stream being sampled.  Abbreviated sampling methods (i.e., weighted-bottle or dip sample) 
can also be used for collecting a representative sample of the stream chemistry. 
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Sample Storage, Preservation and Holding Times 
Sample containers must be pre-cleaned and certified to be free of contamination according to 
the United States Environmental Protection Agency (U.S. EPA) specification for the 
appropriate methods.  
 
Sample Identification  Protocol 
All samples must be identified with a unique number to ensure that results are properly 
reported and interpreted. Samples must be identified such that the site, sampling location, 
matrix, sampling equipment and sample type (i.e., normal field sample or QC sample) can be 
distinguished by a data reviewer or user.  All bottles collected from a site are considered a 
single sample and share a common site ID and sample time.  Although all bottles are 
considered a single sample, no volumes are homogenized. 
 
Field Measurements 
For all water bodies sampled, water quality parameters including pH, specific conductance, 
dissolved oxygen, and temperature must be measured prior to collecting samples for 
laboratory analyses.   
 
QC Sample Collection 
Equipment blanks, field duplicates, and matrix spikes must be collected at a frequency of 
about 1 per 20 normal samples. Matrix spikes will be collected as normal samples and will be 
spiked at the laboratory prior to sample preparation.  Field duplicates and samples for matrix 
spike analysis shall be filled simultaneously. 
 
Field Instrument Calibration 
Routine field instrument calibration must be performed at least once per day prior to 
instrument use to ensure instruments are operating properly and producing accurate and 
reliable data. Calibration should be performed at a frequency recommended by the 
manufacturer. 
 
Decontamination Procedures 
All field and sampling equipment that will contact samples must be decontaminated after 
each use in a designated area. 
 
Field Documentation 
All field activities must be adequately and consistently documented to ensure defensibility of 
any data used for decision-making and to support data interpretation. Pertinent field 
information, including (as applicable), the width, depth, flow rate of the stream, the surface 
water condition, and location of the stream must be recorded on the field sheets. 
 

B. Sample Custody and Documentation 
 
Sample custody must be traceable from the time of sample collection until results are 
reported. Sample custody procedures provide a mechanism for documenting information 
related to sample collection and handling. 
 
Documentation Procedures 
A field activity coordinator must be responsible for ensuring that the field sampling team 
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adheres to proper custody and documentation procedures. A master sample logbook or field 
datasheets shall be maintained for all samples collected during each sampling event. 
 
Chain-of-Custody Procedures and Form 
A chain-of-custody (COC) form must be completed after sample collection and prior to 
sample shipment or release. The COC form, sample labels, and field documentation must be 
cross checked to verify sample identification, type of analyses, number of containers, sample 
volume, preservatives, and type of containers. 
 
Sample Shipments and Handling 
All sample shipments are accompanied with the COC form, which identifies the contents. 
The original COC form shall accompany the shipment with a copy retained in the project file.  
All shipping containers must be secured with COC seals for transportation to the laboratory. 
The samples must be placed in ice to maintain a temperature of 24 degrees C. The ice must 
be sealed in zip lock bags and be approximately 2 inches deep at the top and bottom of the 
cooler. Samples must be shipped to the contract laboratories according to Department of 
Transportation standards. 
 
Laboratory Custody Procedures 
The following sample control activities must be conducted at the laboratory: 

• Initial sample log-in and verification of samples received with the COC form; 
• Documentation of any discrepancies noted during login on the COC; 
• Initiate internal laboratory custody procedures; 
• Verify sample preservation (e.g., temperature); 
• Notify the project coordinator if any problems or discrepancies are identified; proper 

sample storage, including daily refrigerator temperature monitoring and sample 
security. 

 
4-3 LABORATORY ANALYTICAL METHOD REQUIREMENTS 

 
Required laboratory procedures will be followed by the contracting laboratory conducting the 
laboratory analysis.  All laboratory procedures will be in accordance with the requirements as 
described in the General Order. 
 
A. Chemistry Analysis 

 
Pesticide analyses must be conducted on unfiltered (whole) fractions of the samples. Prior to 
the analysis of any environmental samples, the laboratory must have demonstrated the 
ability to meet the minimum performance requirements for each analytical method. Initial 
demonstration of laboratory capabilities includes the ability to meet the project specified 
quantitation limits (QL), the ability to generate acceptable precision and recoveries, and other 
analytical and quality control parameters as stated in the Guide. Analytical methods used for 
chemistry analyses must follow a published method and document the procedure for sample 
analyses in a laboratory standard operation procedure (SOP) for review and approval. 
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B. Toxicity Testing 
 
Aquatic Toxicity 
The ambient water toxicity test results must provide a reliable qualitative prediction of impacts 
to in-stream biota. At a minimum the toxicity testing will need to include the 4-day static 
renewal procedures described in Method for Measuring Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms, Fifth Edition (US EPA, 2002). 
 
Sediment Toxicity 
Sediment Toxicity analyses shall be conducted according to EPA Method 600/R-99/064 
during periods when there is adequate flow in the channel. 
 

C. Detection and Quantitation Limits 
 

Each laboratory performing analyses under this program must routinely conduct method 
detection limit (MDL) studies to document that the MDLs are less than the project specified 
QLs. If any analytes have MDLs that do not meet the project QLs, the following steps must be 
taken: 

 
• Perform a new MDL study using concentrations sufficient to prove analyte quantitation at 

concentrations less than the project-specified QLs per the procedure for the 
Determination of the Method Detection Limit presented in Revision 1.1, 40 Code of 
Federal Regulations (CFR) 136, 1984. 

• No samples may be analyzed until the issue has been resolved. MDL study results must 
be available for review during audits, data review, or as requested. Current MDL study 
results must be reported at the beginning of every project for review and inclusion in 
project files. An MDL is developed from seven aliquots of a standard containing all 
analytes of interest spiked at five times the expected MDL, which are taken through the 
analytical method sample processing steps. The data are then evaluated and used to 
calculate the MDL. If the calculated MDL is less than three times below the spiked 
concentration, another MDL study must be performed using a lower concentration. 

 
Project Quantitation Limits 
Laboratories generally establish QLs that are reported with the analytical results; these may 
be called reporting limits, detection limits, reporting detection limits, or other terms. These 
laboratory limits must be less than or equal to the project QLs. Project QLs must be lower 
than the proposed or existing numeric water quality objectives by the Regional Board. The 
laboratory must have documentation to support quantitation at the required levels. 

 
The laboratory must report the analytical results between the MDL and QL. These results 
must be reported as numerical values and qualified as estimates. Reporting as "trace"- or 
"<QL" is not acceptable. Sample results less than MDLs will be reported only for GC/MS 
analyses if the mass spectral fingerprint can prove positive identification; these results must 
be qualified as estimated values by the laboratory. 
 

D. Laboratory Standards and Reagents 

All stock standards and reagents used for extraction and standard solutions must be tracked 
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through the laboratory. The preparation and use of all working standards must be recorded in 
bound laboratory notebooks that document standard tractability to U.S. EPA, A2LA or 
National Institute for Standards and Technology (NIST) criteria. Records must have sufficient 
detail to allow determination of the identity, concentration, and viability of the standards 
including any dilutions performed to obtain the working standard. Date of preparation, analyte 
or mixture, concentration, name of preparer, lot or cylinder number, and expiration date, if 
applicable, must be recorded on each working standard. 
 

E. Sample Preparation Methods 
 

Surface water and sediments samples will be prepared in solvent or via other extraction 
techniques prior to sample analyses. All procedures must follow a published method.  The 
sample preparation procedure must be documented and included in the monitoring plan for 
review and approval. 
 

4-4 QUALITY CONTROL REQUIREMENTS 
 
The types of quality control assessments required in the monitoring program are discussed 
below. Detailed procedures for preparation and analysis of quality control samples must be 
provided in the analytical method documents or Standard Operating Procedures (SOP) by the 
analytical laboratories for approval. 
 
A.  Internal Quality Control 

 
Internal quality control (QC) is achieved by collecting and/or analyzing a series of duplicate, 
blank, spike, and spike duplicate samples to ensure that analytical results are within the 
specified QC objectives. The QC sample results are used to quantify precision and accuracy 
and identify any problem or limitation in the associated sample results. The internal QC 
components of a sampling and analyses program will ensure that data of known quality is 
produced and documented. The internal QC samples, frequency, and corrective action must 
meet the minimum requirements presented in the following sections. 
 

B. Field Quality Control Samples 
 

Field QC samples are used to assess the influence of sampling procedures and equipment 
used in sampling. They are also used to characterize matrix heterogeneity. For basic water 
quality analyses, quality control samples to be prepared in the field will consist of equipment 
blanks, field duplicates, and matrix spikes {when applicable). The number of field duplicates 
and field blanks are set to achieve an overall rate of at least 5% of all analyses for a particular 
parameter. The external QA samples are rotated among sites and events to achieve the 
overall rate of 5% field duplicate samples and 5% equipment blanks {as appropriate for 
specific analyses). 

 
• Equipment Blanks: equipment blanks will be collected and analyzed for all analytes of 

interest along with the associated environmental samples. Equipment blanks will 
consist of laboratory-prepared blank water {certified contaminate free) processed 
through the sampling equipment using the same procedures used for environmental 
samples. 
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• Field Duplicates: Field duplicates will be collected at the rate of one per sampling 
event, and analyzed along with the associated environmental samples. Field 
duplicates will be collected at the same time as environmental samples or of two grab 
samples collected in rapid succession. If the Relative Percent Difference (RPD) of field 
duplicate results is greater than 25% and the absolute difference is greater than the 
Reporting Limit, both samples should be reanalyzed. 

• Matrix Spikes and Matrix Spike Duplicates: Matrix spikes and matrix spike duplicates 
will be analyzed at the rate of one pair per sample batch. Matrix spike samples are 
collected at the same time as the environmental samples and are spiked at the 
laboratory. 

 
C. Laboratory Quality Control 

 
For basic water quality analyses, quality control samples prepared in the contract laboratory 
will typically consist of method blanks, laboratory control samples, laboratory duplicates, and 
surrogate added to each sample (organic analysis). 

 
 Method Blanks: Method blanks will be prepared and analyzed by the contract laboratory 

with each batch of samples. If any analyte is detected in the blank, the blank and the 
associated samples must be re-extracted and re-analyzed.  

 Laboratory Control Samples and Surrogate: Laboratory control samples {LCS) will be 
analyzed at the rate of one per sample batch. Surrogate may be added to samples for 
organic analyses. Laboratory acceptance criteria must be submitted to Regional Board 
staff for review and approval as part of the development and approval of the monitoring 

 
4-5 INSTRUMENTATION AND EQUIPMENT PREVENTATIVE MAINTENANCE 

 
A. Sample Equipment Cleaning Procedures 

 
Equipment used for sample collection must be cleaned according to the specific procedures 
documented in each sampling SOP provided by the contracted laboratory. 
 

B. Analytical Instrument and Equipment Testing Procedures 
 

Testing, inspection, maintenance of analytical equipment used by the contract laboratory, and 
corrective actions shall be documented in the quality assurance manuals for each analyzing 
laboratory.  A Laboratory Quality Assurance Manual must be submitted to TBWQC Program 
staff for review and record  prior to start of sampling and analyses. 
 

C. Instrument Calibration and Testing 
 

All instrumentation will be calibrated prior to each analytical batch as specified in the contract 
Laboratory Quality Assurance Manual. Manufacturer recommendations will be followed and 
each calibration and maintenance procedure will be documented. 
 
Analytical Procedures and Calibration 
The analytical methods and calibration procedures used for analyses of samples collected 
under the TBWQC monitoring program shall follow the general guidance of any of the 
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following methods: 
• Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater 

(EPA-600/4-85 054) 
• U.S. EPA Methods for Chemical Analysis of Water and Wastes (EPA-600/4-79- 020, third 

edition,  1983) 
• Methods for Determination of Organic Compounds in Drinking Water (EPA- 600/4-88/039) 
• Standard Methods for the Examination of Water and Wastewater 
• USEPA. 2002. Methods for Measuring the Acute  Toxicity of Effluents and Receiving Waters 

to Freshwater and Marine Organisms, Fifth Edition. Office of Water, Washington, D.C. EPA-
821-R-02-012 

• USEPA. 2002. Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms, Fourth Edition. Office of Water, Washington, 
D.C.EPA-821-R-02-013. 

• USEPA. 1994. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-
associated Contaminants with Freshwater Invertebrates. Office of Research and 
Development, Washington, D.C. EPA-600-R-94-024. 

 
Only linear calibration with either an average response factor or a linear regression is 
acceptable for organic analyses. Non-linear calibration is not allowed since using this 
calibration option creates a potential for poor quantitation or biased concentrations of 
compounds at low or high concentrations (near the high and low ends of the calibration 
range). The laboratory shall prepare an initial 5-point calibration curve, where the low level 
standard concentration is less than or equal to the analyte quantitation limit. 
 

4-6 DATA MANAGEMENT 
 

Copies of field logs, a copy of COC forms, original preliminary and final lab reports, and 
electronic media reports will be kept by the TBWQC for review by the Regional Board Staff.  The 
contract laboratory shall retain original COC forms. The contract laboratory will retain copies of 
the preliminary and the  TBWQC w i l l  re ta in  cop ies  o f  the  final data reports. 
Concentrations of chemicals and toxicity endpoints, and all numerical biological parameters shall 
be calculated as described in the referenced method document for each analyte or parameter, 
or laboratory operating procedure.  
 
A. Database Management 

 
The data generated shall be converted to a standard database template format using the 
most recent ILRP database lookup lists for data entry.  Required formatting and business rules 
for field, chemistry, and toxicity data are detailed within their respective template instruction 
manuals, maintained with the Central Valley Regional Data Center to ensure compatibility with 
the California Environmental Data Exchange Network.  After data entry or data transfer 
procedures to the templates are completed for each sample event, data should be inspected 
for data transcription errors, and corrected as appropriate. After the final QA checks for 
errors are completed, the data should be submitted electronically to the ILRP staff of the 
RWQCB.  Following is a summary of the required templates to be used for data 
management: 
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Field Data Template 
The contract laboratory and TBWQC Staff will input all site visit information and field 
measurement results into the field data template.  Site visit information (location and 
habitat), must be recorded for any site visit conducted to comply with the requirement of the 
General Order, including events when a site is dry.   
 
Chemistry Data Template 
The contract laboratory will input all chemistry analysis and associated quality control 
information into the chemistry data template.   
 
Toxicity Data Template 
The contract laboratory will input all toxicity analysis and associated quality control 
information, with the exception of reference toxicity analyses, into the toxicity data template. 
 
Electronic Qualilty Assurance Program Plan (eQAPP) 
The eQAPP is a digital worksheet containing the quality control requirements for each 
analyte and method.  The eQAPP worksheet will include references for applicable codes, 
CEDEN retrieval information, and other project specific information.  The TBWQC will be 
responsible to update the eQAPP with the most up to date requirements and codes.   
 
Online Data Checker 
Prior to submitting the templates with the data, the contract laboratory will submit the digital 
templates to the ILRP online data checker.  This tool will be used solely for identifying any 
errors with the data input or templates prior to submitting the final version to the TBWQC 
and the RWQCB.  A copy of the online data checker report accepting the digital templates 
will be provided by the contract laboratory to the TBWQC with each submittal. 

 
B. Data Assessment Procedures 

 
Data must be consistently assessed and documented to determine whether project quality 
assurance objectives (QAOs) have been met, quantitatively assess data quality and identify 
potential limitations on data use. Assessment and compliance with quality control procedures 
will be undertaken during the data collection phase of the project. 
 
Training and Certification 
All staff performing field or laboratory procedures shall receive training to ensure that the 
work is conducted correctly and safely. At a minimum, all staff shall be familiar with the field 
guidelines and procedures and the laboratory SOP included in the project QAPP. All work 
shall be performed under the supervision of experienced staff, field managers, laboratory 
managers or other qualified individuals. A copy of the staffs' training records must be 
maintained in each specific project file. 
 
Data to be Included in Reports 
For each sampling event, the laboratory shall provide the TBWQC with copies of the field 
data sheets (relevant pages of field logs) and copies of the COC forms for all samples 
submitted for analysis. At minimum, the following sample-specific information must be 
provided for each sampling: 



 

TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
4-11 

 

• Sample Identification 
• Monitoring location 
• Sample type, e.g. grab or composite type (Cross-sectional, flow-proportional, etc.) 
• QC sample type and frequency 
• Date and time(s) of sample collection 
• Requested analyses (specific parameters or method references) 

 
Results of samples collected and all laboratory QC samples (calibrations, blanks, surrogate 
laboratory spikes, matrix spikes, reference materials, etc.) and the identification of each 
analytical sample batch. 

 
Reporting Format 
All results meeting data quality objectives and results having satisfactory explanations for 
deviations from objectives shall be reported in the Laboratory Final Report. The final results 
shall include the results of all field and laboratory quality control samples. 

 
4-7 DATA VALIDATION 

 
A. Laboratory Data Review, Verification, and Reporting 

 
The laboratory quality assurance manual must be used to accept, reject or qualify the data 
generated by the laboratory. The laboratory management will be responsible for validating the 
data generated by the laboratory. The laboratory personnel must verify that the measurement 
process was "in control" (i.e., all specified data quality objectives were met or acceptable 
deviations explained) for each batch of samples before proceeding with analyses of a 
subsequent batch. In addition, each laboratory will establish a system for detecting and 
reducing transcription and/or calculation errors prior to reporting data. Only data which have 
met data quality objectives, or data, which have acceptable deviations explained, will be 
submitted by the laboratory. When QA requirements have not been met, the samples will be 
reanalyzed when possible and only the results of the reanalysis will be submitted, provided 
they are acceptable. 
 

B. Data System Audits 
 

The Regional Board staff may audit the laboratory conducting the sampling and the sample 
analyses for this program. 
 
Technical System Audit 
The electronic data submitted will undergo a series of reviews for adherence to the required 
formatting and business rules.  The data will also be reviewed for the required quality control 
elements.  The TBWQC will be notified by RWQCB staff of modification made to the data set 
to successfully load the data.  If significant changes are found to be needed, the RWQCB will 
return the data to the TBWQC for revision.  Once the data sets are corrected, the data will be 
uploaded into the ILRP Comparable database and undergo a final set of reviews to ensure 
completeness.  After reviewed for completeness, the data will be added to CEDEN for public 
access. 
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Performance Evaluation Audits 
Performance Evaluation audits quantitatively assess the data produced by a measurement 
system.   Performing an evaluation audit involves submitting certified samples for each 
analytical method. The matrix standards are selected to reflect the concentration range 
expected for the sampling program. Any problem associated with performance evaluation of 
samples must be evaluated to determine the influence on field samples analyzed during the 
same time period. The laboratory must provide a written response to any PE sample result 
deficiencies. 
 
Field Technical Audits 
The laboratory should routinely observe field operations to ensure consistency and 
compliance with sampling specifications presented in this document.  An audit checklist 
should document field observations and activities. 
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Attachment D
TBWQC Crop
Land Use Map

(2007 DWR Data)

Legend
TBWQC Boundary (599,879 Ac.)

Supplemental TBWQC Upper Watershed Boundary (347,079 Ac.)

Dairies in TBWQC Boundary(110 Dairies)
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I.    GENERAL 
 

The minimum breakdown of land use is according to the class symbol.  More detail is 
obtained by adding the subclass number to the class symbol, or by use of special condition symbols.  
Any or all of the following information can be delineated. 
 

1. Types of agricultural, urban, or native land use 
2. Specific crops 
3. Multiple land use 
4. Sources of water supply 
5. Type of irrigation system 

 
This legend is for land use surveys conducted in 2005 through 2006. 
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 II.  AGRICULTURAL CLASSES
 

The vast majority of crops grown in California are irrigated.  Unless preceded with an "n" if it 
is non-irrigated, all agricultural classes are considered irrigated. (This statement is for the agricultural 
classes and does not apply to the other non-agricultural classes of semiagricultural, urban, or native.)  
 
G -  GRAIN AND HAY CROPS   
 

1. Barley     6. Miscellaneous grain and hay  
2. Wheat     7. Mixed grain and hay  

 3. Oats 
 
R -  RICE 
 
 1. Rice     2. Wild rice 
 
F -  FIELD CROPS 
 
 1. Cotton     9. Castor beans 

2. Safflower    10. Beans (dry)  
3. Flax     11. Miscellaneous field  
4. Hops     12. Sunflowers  
5. Sugar beets    13. Hybrid sorghum/sudan 
6. Corn (field & sweet)   14. Millet 

 7. Grain sorghum   15. Sugar cane 
 8. Sudan 
  
 
P -  PASTURE 
 

1. Alfalfa & alfalfa mixtures  6. Miscellaneous grasses 
2. Clover     7. Turf farms  
3. Mixed pasture    8. Bermuda grass  
4. Native Pasture    9. Rye grass  
5. Induced high water table  10. Klein grass  
 native pasture       
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T -  TRUCK, NURSERY AND BERRY CROPS 
 

1. Artichokes    15. Tomatoes (processing) 
2. Asparagus    16. Flowers, nursery & 
3. Beans (green)     Christmas tree farms 
4. Cole crops (mixture of 22-25) 17. Mixed (four or more) 
6. Carrots     18. Miscellaneous truck 
7. Celery      19. Bush berries 
8. Lettuce (all types)   20. Strawberries 
9. Melons, squash, and    21. Peppers (chili, bell, etc.)       
 cucumbers (all types)   22. Broccol 
10. Onions and garlic    23. Cabbage 
11. Peas     24. Cauliflower 
12. Potatoes    25. Brussels sprouts    
13. Sweet Potatoes   26. Tomatoes (market)   
14. Spinach     27. Greenhouse 

        
D -  DECIDUOUS FRUITS AND NUTS 
 

 1. Apples     9. Figs 
 2. Apricots    10. Miscellaneous  
 3. Cherries     deciduous  
 5. Peaches and nectarines  11. Mixed deciduous 
 6. Pears     12. Almonds 
 7. Plums     13. Walnuts 
 8. Prunes     14. Pistachios 

 
C -  CITRUS AND SUBTROPICAL  
 

 1. Grapefruit    7. Miscellaneous 
 2. Lemons     subtropical fruits 
 3. Oranges                  8. Kiwis 
 4. Dates      9. Jojoba     
 5. Avocados    10. Eucalyptus   
 6. Olives     11. Mixed subtropical fruits 

 
V -  VINEYARDS 
 

1. Table grapes    3. Raisin grapes 
2. Wine grapes 

 
I -  IDLE 

(Precede with "n" in non-irrigated area, and must include subclass) 
 1. Land not cropped the current or previous crop season, but cropped within the past 

three years.   
 2. New lands being prepared for crop production. 
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 III.  SEMIAGRICULTURAL CLASS
 (Do not precede with "n") 
                                
S -  SEMIAGRICULTURAL & INCIDENTAL TO AGRICULTURE 

(Must include subclass) 
 

1. Farmsteads (includes a farm  4. Poultry farms 
 residence)    5. Farmsteads (without a farm   
2. Livestock feed lot operations   residence)   

 3. Dairies 
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 IV.  URBAN CLASSES
 (Do not precede with "n") 
 
U  - URBAN  

Residential, commercial, and industrial (may be used alone when further breakdown is not 
required) 

 
UR - RESIDENTIAL  

Single and multiple family units, including trailer courts (may be used alone when further 
breakdown is not required) 

 
 1. Single family dwellings with lot sizes greater than 1 acre up to 5 acres (ranchettes, 

etc.) 
 2. Single family dwellings with a density of 1 unit/acre up to 8+ units/acre.  
 3. Multiple family (apartments, condos, townhouses, barracks,  bungalows, duplexes, 

etc.)  
 4. Trailer courts   

 
WATER USE FACTOR (% of total area irrigated - will be the second digit of UR Subclass 
when water factor is used) 

 
1. 0%  to 25% area irrigated      
2. 26% to 50% area irrigated  
3. 51% to 75% area irrigated 
4. 76% or greater     

 
Example: UR32 indicates multiple family with water use factor of 26% to 50% of area 

irrigated.     
 

UC - COMMERCIAL 
(May be used alone when further breakdown is not required)    

 
 1. Offices, retailers, etc. 
 2. Hotels 
 3. Motels 
 4. Recreation vehicle parking, camp sites 
 5. Institutions (hospitals, prisons, reformatories, asylums, etc., having a reasonably 

constant 24-hour resident population) 
 6.  Schools (yards to be mapped separately if large enough) 
 7. Municipal auditoriums, theaters, churches, buildings and stands associated with race 

tracks, football stadiums, baseball parks, rodeo arenas, amusement parks, etc. 
 8. Miscellaneous high water use (to be used to indicate a high water use condition not 

covered by the above categories.) 
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UI - INDUSTRIAL 
(May be used alone when further breakdown is not required)    

 
 1. Manufacturing, assembling, and general processing 
 2. Extractive industries (oil fields, rock quarries, gravel pits, rock and gravel processing 

plants, etc.) 
 3. Storage and distribution (warehouses, substations, railroad marshalling yards, tank 

farms, etc.) 
 6. Saw mills 
 7. Oil refineries 
 8. Paper mills 
 9. Meat packing plants 
10. Steel and aluminum mills 
11. Fruit and vegetable canneries and general food processing 
12. Miscellaneous high water use (to be used to indicate a high water use condition not 

covered by other categories.) 
13. Sewage treatment plant including ponds. 
14. Waste accumulation sites (public dumps, sewage sludge sites, landfill and hazardous 

waste sites, etc.)  
15. Wind farms, solar collector farms, etc.  

 
UL - URBAN LANDSCAPE   

(May be used alone when further breakdown is not required)  
 

 1. Lawn area - irrigated 
 2. Golf course - irrigated  
 3. Ornamental landscape (excluding lawns) - irrigated 
 4. Cemeteries - irrigated 
 5. Cemeteries - not irrigated 
 

UV - VACANT 
(May be used alone when further breakdown is not required)                                  

 
 1. Unpaved areas  (vacant lots, graveled surfaces, play yards, developable open lands 

within urban areas, etc.) 
 3. Railroad right of way. 
 4. Paved areas  (parking lots, paved roads, oiled surfaces, flood control channels, tennis 

court areas, auto sales lots, etc.) 
 6. Airport runways 
 7. Land in urban area that is not developable 
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 V.  NATIVE CLASSES
 (Do not precede with "n") 
 
NC - NATIVE CLASSES UNSEGREGATED 

(May be used alone when further breakdown is not required) 
 
NV - NATIVE VEGETATION   

(May be used alone when further breakdown is not required) 
 

 1. Grass land    5. Brush and timber 
 2. Light brush                   6. Forest 
 3. Medium brush    7. Oak woodland 
 4. Heavy brush    

 
NR - RIPARIAN VEGETATION   

(May be used alone when further breakdown is not required) 
 

 1.  Marsh lands, tules and sedges 
 2.  Natural high water table meadow 
 3. Trees, shrubs or other larger stream side or watercourse 
 vegetation  
 4. Seasonal duck marsh, dry or only partially wet during  
 summer 
 5. Permanent duck marsh, flooded during summer 

 
NW - WATER SURFACE 
 (May be used alone when further breakdown is not required) 
 

1. River or stream (natural fresh water channels)   
 2. Water channel (all sizes - ditches and canals - delivering water for irrigation and  
  urban use - ie State Water Project, CVP, water district canals, etc.) 
 3. Water channel (all sizes - ditches and canals - for removing on-farm drainage water - 
  surface runoff and subsurface drainage - ie Colusa drain, drainage ditches in Imperial) 
 4. Freshwater lake, reservoir, or pond (all sizes, includes ponds for stock, recreation, 
   groundwater recharge, managed wetlands, on-farm storage, etc.) 
 5. Brackish and saline water (includes areas in estuaries, inland water bodies, the ocean, 
  etc.)      
 6. Wastewater pond (dairy, sewage, cannery, winery, etc) 
 7. Paved water conveyance channels within urban areas (mainly for flood control) 
 
NB - BARREN AND WASTELAND   

(May be used alone when further breakdown is not required) 
 

 1.  Dry stream channels    4.  Salt flats 
 2.  Mine Tailing     5.  Sand dunes 
 3.  Barren land 
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 VI.  UNCLASSIFIED
 
 
NS - NOT SURVEYED 

Area within the investigation area that was not mapped. 
 
 
E  - ENTRY DENIED 

Area within the investigation area that was not mapped because entry into the area was 
denied.   

 
 
Z  - OUTSIDE 

Area outside of the study area. 
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 VI.  SPECIAL CONDITIONS, IRRIGATION TYPE, AND WATER SOURCE
 

When any of the following special conditions, type of irrigation, or source of water is used, a 
(-) should precede them.  When more than one is used they should be used in the order stated above. 
 

1.  SPECIAL CONDITIONS
(only one can be used per parcel) 

 
A -  ABANDONED ORCHARDS AND VINEYARDS 

Trees or vines must be in such a condition that renewal of cultural practices would restore 
economic production.  Indicated by "A" following crop symbol.   

 
Example: D1-A indicates an apple orchard previously irrigated but now abandoned. 

 
B -  BURNED OVER AREAS 
  Indicated by "B".  The type and density of natural cover destroyed by fire is obtained by 

examination of aerial photo.   
 
Example:  NV7-B indicates oak grass land recently burned over.   

 
C – GREEN CHOPPED 
 Grain or field crops harvested early for livestock feed  
 
E – ECOSYSTEM RESTORATION 
 Native vegetation or riparian areas that have undergone restoration (used with NV and NR 
 classes).  
 
F -  FALLOW LANDS 

Land not cropped during the current crop season, but cropped during the previous crop 
season.  
 
(1) If no crop residue is apparent or identifiable then the "F" symbol will follow the 

agricultural class symbol for the crop most representative of those grown in the area. 
Example: T-F indicates fallow land within a truck crop area (with facilities for 

irrigation). 
 

(2) If the crop residue is apparent and identifiable but is not from the current crop season 
covered by the survey then the field is considered fallow and mapped as the class of 
the crop residue.   
Example: Surveyor found an old sugar beet residue not from current season.  

Land would be mapped F-F. 
 

(3) If the crop residue is identifiable as that of a crop which was grown during the survey 
period, then map the field as though crop existed. 
Example: Surveyor found carrot residue from current growing season.  Land 

would be mapped T6.   
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G – COVER CROP  
 Indicates where grain, field, or pasture type crops have been planted for soil stabilization or 
 for cover crops grown between rows of deciduous and subtropical trees and vines.   
 
H – HARVESTED CROP 
 Indicates the identified crop was harvested at the time of the survey (used with truck, 
 field, and grain crops).  
 
K -  FREEWAYS 

The area within the freeway right of way.   
 

Examples: UV-K indicates urban vacant, unsegregated, with a freeway special condition 
(all areas within the freeway right of way).   

 
UV4-K indicates the urban vacant paved areas with a freeway special 
condition (the paved portion within the freeway right of way.)              

 
UL3-K indicates irrigated urban landscape with a freeway special condition 
(irrigated landscape portion within the freeway right of way). 

 
R -  RECREATIONAL 

To be used with urban residential, commercial, and vacant (R.V. parks and camp sites) within 
primarily a seasonal recreational area. 

 
S -  SEED CROP 

Indicates any crop grown for seed.   
 
Example: P1-S indicates irrigated alfalfa seed crop. 

 
T -  TILLED LANDS 

Land prepared for immediate planting, or just newly planted, including the appearance of seed 
lines or unidentifiable tiny seedlings. 

 
Example: T-T indicates tilled land (either prepared for planting or just planted) in a 

predominately truck crop area. 
 
U – INTERPRETED LANDUSE 
 Indicates that the land use was determined using other means than visual field verification.   
 
X -  PARTIALLY IRRIGATED CROPS 

Crops irrigated for only part of their normal irrigation season. 
 
Example: P3-X indicates partially irrigated mixed pasture. 
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Y -  YOUNG CROPS 
 Indicates the identified crop is at early stages of growth (used with non-bearing orchards and 
 vineyards, and truck, field, and grain crops).    

 
Example: C3-Y indicates young non-bearing irrigated oranges. 

 
Z -  RECLAMATION 

Land being leached for the removal of harmful salts.  This symbol will be used following 
either the “Idle” symbol or symbols of crops grown as a step in the reclamation process. 

 
Example: I2-Z indicates new lands being leached in preparation for crop production. 



2.  TYPE OF IRRIGATION SYSTEM 
 
C - Center Pivot Sprinkler  
L  - Linear Move Sprinkler 
R  - Side Roll Sprinkler 
H  - Hand Move Sprinkler 
P  - Permanent Sprinkler 
T  - Solid Set Sprinkler 
F  - Furrow Irrigation 
B - Border Strip Irrigation 
N - Basin Irrigation 
W - Wild Flooding 
S  - Subirrigation 
D  - Surface Drip Irrigation 
A  - Buried Drip Irrigation 
M - Micro Sprinkler 
E  - LEPA (Low Energy Precision Application) 
U -  Unknown or not mapped 
 

As part of the map symbols these irrigation type letters required a circle around them so that 
they are not confused with the special condition letters. 

 
Example: P1-  B  indicates border strip irrigated alfalfa.   

 
 
 

3.  SOURCE OF IRRIGATION WATER 
 
Water Source      Code      

 
Surface water     1   
Mixed surface & ground water  2 
Ground water     3       
Unknown source    4     
Reclaimed     5 
Recycled     6 
 

Example: P3-  B 1  indicates border strip irrigated pasture with surface water as the water 
source.   

 
 

12 
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VIII.  MULTIPLE LAND USE 
 
 
 
INTERCROPPING 
 

Used with orchards or vineyards when intercropped with some other crop class.  Indicated by 
 a fractional symbol, with the orchard or vineyard symbol appearing in the numerator.   
 

Example: D12-Y/F10 indicates young almonds intercropped with dry beans.   
 
DOUBLE CROPS 

Used when two consecutive crops are grown in the survey season.  The first crop is indicated 
 by enclosed parenthesis. 
 

Example: (G)F6 indicates irrigated grain followed by field corn.   
 
TRIPLE CROPS 

Used when three consecutive crops are grown in the survey season.  The first and second 
 crops are indicated by enclosed parenthesis.  
 

Example: (T8)(T23)T8 indicates irrigated lettuce followed by cabbage followed by 
lettuce. 

 
MIXED LAND USE 

Used when two to three land uses are present in one area but, because of the large degree of 
 intermixing, cannot be delineated separately.  Indicated by percentages following land use 
 symbols.  No more than three different land uses may be used in describing the area.  
 Percentages are in increments of 10.   
 

Example: D5 - 40% indicates irrigated peaches 40% 
NV - 20% indicates native vegetation 20% 
UR - 40% indicates urban residential 40% 



 IX.  FURTHER INSTRUCTIONS, CLARIFICATIONS AND EXAMPLES 
 
1) Land use class and subclass should come before the dash which separates the special 

condition, irrigation type, and source of water. 
 
2) Water source should be the last symbol in the code.  If the field has more that one crop, the 

source should follow the last crop. 
 
3) Irrigation type and source of water must be enclosed in a circle. 
 
 
 LAND USE CODE EXAMPLES 
 
Single Crop: 

 
F1-  F  3 
Indicates cotton that is furrow irrigated with ground water as the water source. 
 
D12-Y  P 
Indicates young irrigated almonds that are irrigated with a permanent sprinkler system. 
 
Intercropped: 
 
D13-Y/F10  P 1 
Indicates young irrigated walnuts intercropped with dry beans, irrigated by a permanent sprinkler 
system with surface water as the water source.  
 
Double cropped: 
 
(G-H)F6-  F  2 
Indicates grain irrigated with a hand move sprinkler system followed by furrow irrigated corn, with 
mixed ground and surface water as the water source. 
 
Triple Cropped: 
 
(T8)(T23)T8-  P 
Indicates irrigated lettuce followed by irrigated cabbage followed by irrigated lettuce, all three crops 
irrigated by a permanent sprinkler system (when type of irrigation is not shown next to the first and 
second crops, the irrigation type for the last crop will be assumed for the first two crops).   
 
 
(T8- U )(T23- U )T8-  H 3 
Indicates irrigated lettuce with unknown irrigation type, followed by irrigated cabbage with unknown 
irrigation type, followed by lettuce irrigated with a hand move sprinkler system, with ground water as 
the water source.   

14 
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Constituent Field/Lab WQTL MDL PQL Units Jan'09 Feb'09 Mar'09 Apr'09 05/11/09 June 09 July 09 Aug'09 Sept'09 Oct'09 Nov'.09 Dec'09 Jan 10 Feb 10 03/09/10 04/28/10 05/18/10 06/16/10 Jul 10 8/17/10 Sept 10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 July'11 Aug '11 Sept'11 Oct'11 Nov'11 Dec'11

Flow Field cfs 25 0 0 17 1 7 5 17 3
Standing 

Water 29 6 12 0 0 0 0 0 0
EC Field 700 umhos/cm 59.8 208 165.8 153.7 126.2 68.5 171.9 186.1 181 138.7 95.3 122.6

EC dup FGL 700 umhos/cm 208 165.8 153.7 126.2 68.5
pH Field 6.5-8.3 pH 7.36 8.04 8.53 7.91 7.76 7.73 7.8 8.57 7.86 8.18 7.51 8.19

pH dup FGL 6.5-8.3 pH 8.04 8.53 7.91 7.76 7.73
Temperature Field Celsius 17.7 11.7 19.9 16.5 23.1 28.4 10.6 13.1 15.1 14.5 14.2 22.7

Temperature dup FGL Celsius 11.7 19.9 16.5 23.1 28.4

Dissolved Oxygen Field Min. 7.0 mg/L 8.7 10.93 10.64 9.47 8.36 7.49 11.29 8.76 9.15 10.43 9.37 8.59
Dissolved Oxygen dup FGL Min. 7.0 mg/L 10.93 10.64 9.47 8.36 7.49

TDS FGL 450 4.4 10 mg/L 38 110 110 75.1 62.9 46.6 114 123 125 101 64.2 72.3
Turbidity FGL 0.035 0.1 NTU 1.9 5.3 4.05 2.92 9.61 2.45 8.25 2.45 3.67 7.23 5.73 4.35

Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND 0.3 0.05 0.09 0.01 ND 0.9 0.09 0.1 0.3 0.09 0.03

Orthophosphate-P FGL 0.21 0.6 mg/L 0.05 0.07 0.0594 0.0609 0.0756 0.0215 0.145 0.063 0.0672 0.106 0.0839 0.0551
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND ND ND 0.05 ND 0.094 ND 0.073 0.287 ND 0.164 0.133

Unionized Ammonia FGL mg/L ND ND ND ND ND ND ND 0.0059 0.0056 ND 0.0014 0.0093
TKN FGL 0.267 0.5 mg/L ND 0.732 ND 0.644 0.827 0.964 0.211 0.161 0.131 0.298 0.497 ND

Color Field 1 APHA
Slightly 
Turbid

Slightly 
Turbid

Light 
Brown - 

Turbid

Light 
brownish - 

Turbid

Clear - 
Light 

Amber
Light 

Brown 150 11 26 45 15 50
Phosphorus FGL 8.1 50 mg/L ND 31.5 0.0332 0.0378 0.047 ND 0.0745 0.0345 ND 0.138 0.0177 0.0615

Arsenic FGL 0.01 0.09 0.2 mg/L 0.00156 0.646 1.02 0.973 1.27 1.2
Boron FGL 0.7 5 10 mg/L ND 43.2 33.9 30 21.5 18.2

Cadmium FGL 0.05 0.02 0.2 mg/L ND 2.94 ND 0.034 0.032 0.028
Copper FGL 1.3 0.13 0.5 mg/L 0.00544 ND 3.28 3.42 3.98 10.1
Lead FGL 0.015 0.11 0.2 mg/L 0.000521 0.516 0.433 0.694 0.92 0.877

Nickel FGL 0.1 0.16 0.5 mg/L ND 1.788 0.72 1.3 1.13 1.04
Selenium FGL 0.05 0.1 1 mg/L ND ND ND ND ND 0.199

Zinc FGL 2.3 20 mg/L 0.0141 70.2 7.02 5.89 8.63 17
Molybdenum FGL 0.01 0.07 0.5 mg/L ND 2.28 1.44 1.03 0.815 0.948
Methoxychlor CRG 30 0.008 0.01 ug/L ND ND ND ND ND ND

Hardness FGL 1 1 mg/L 9.98 73.6 59.9 52.4 49 23 66.9 78.7 74.3 59.7 33.4 48
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND ND ND

Dicofol APPL/FG 0.01 0.1 ug/L ND ND ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND ND
Esfenvalerate CRG 0.002 0.02 ug/L ND 1.4 ND
Fenpropthrin 0.006 0.02 ug/L ND

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND ND ND
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L ND ND 0.0065 ND ND ND
Demeton-S APPL 0.01 0.1 ug/L ND ND ND ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND ND ND ND
Dimethoate APPL  0.08 0.1 ug/L ND ND ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND ND ND

Paraquat N Coast 3.2 0.21 0.4 ug/L ND ND ND ND ND ND
Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND ND ND ND

TSS FGL na 10 mg/L 6.02 6 3.3 12.9 22.7 2.7 5.66 2.45 3.88 17.3 8.43 6.57
TOC FGL 0.13 0.5 mg/L 2.59 5.6 4.39 4.04 3 2.45 6.49 5.62 4.48 4.46 3.31 2.8

E. coli FGL 235 1.1 MPN 161 91 196 155 579 299 23 230 500 50 613 700
Fecal Coliform FGL 400 1.1 MPN 300 140 140 500 700 300 38.4 13.4 190.4 67 800 344.8

Toxicity, minnow ABC 96h 80(5) 100 95(5) 100 100 100 100 100 100 95(5) 95(5) 95(5)

Toxicity, water flea ABC 48h 95(5) 100 100 100 100 100 100 95(5) 100 100 100 100
Toxicity, algae ABC 48h 100 100 100 100 100 100 100 100 100 100 100 100
Hyalella Azteca 10d 87.5(5)

TOC 0.23
Control Result

{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million 

{5}  No significant difference from control
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million 
{3}  TIE study conducted 
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million 

Sample Month and Results

558SPR192 - Porter Slough Near Road 192

Sample Month and Results

Minnow and Water flea results as percent survival, Algae as percent growth

Sample Month and Results



Constituent Field/Lab WQTL MDL PQL Units

Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius

Dissolved Oxygen Field Min. 7.0 mg/L
Dissolved Oxygen dup FGL Min. 7.0 mg/L

TDS FGL 450 4.4 10 mg/L
Turbidity FGL 0.035 0.1 NTU

Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 mg/L

Arsenic FGL 0.01 0.09 0.2 mg/L
Boron FGL 0.7 5 10 mg/L

Cadmium FGL 0.05 0.02 0.2 mg/L
Copper FGL 1.3 0.13 0.5 mg/L
Lead FGL 0.015 0.11 0.2 mg/L

Nickel FGL 0.1 0.16 0.5 mg/L
Selenium FGL 0.05 0.1 1 mg/L

Zinc FGL 2.3 20 mg/L
Molybdenum FGL 0.01 0.07 0.5 mg/L
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FG 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat N Coast 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h

Toxicity, water flea ABC 48h
Toxicity, algae ABC 48h
Hyalella Azteca 10d

TOC
Control Result

{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in con

{5}  No significant difference from control
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in con
{3}  TIE study conducted 
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in con

558SPR192 - Porter Slough Near Road 192

Minnow and Water flea results as percent survival, Algae as percent growth

Jan '12 Feb '12 March'12 April'12 May '12 June '12 July'12 Aug.'12 Sept.'12 Oct. '12 Nov. '12 Dec. '12 Jan '13 Feb '13 March'13 April'13 May '13 June '13 July'13 Aug.'13 Sept.'13 Oct. '13 Nov. '13 Dec. '13

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29 4/14/2014
208 3/9/2010
208 3/3/2014

8.57 2/14/2011
8.53 4/28/2010
28.4 8/17/2010
28.4 8/17/2010

11.29 1/19/2014
10.93 3/9/2010

125 3/15/2011
9.61 6/16/2010

0.9 5/18/2014

0.145 1/19/2011
0.287 5/15/2011

0.0093 6/15/2011
0.964 8/17/2010

150 1/19/2011
31.5 3/9/2010
1.27 6/16/2010
43.2 3/9/2010
2.94 03*09/2010
10.1 8/17/2010
0.92 6/16/2010

1.788 3/9/2010
0.199 8/17/2010

70.2 3/9/2010
2.28 3/9/2010

0
78.7 2/14/2011

0
0
0
0
0
0
0
0
0
0
0
0
0

1.4 3/9/2010
0

0
0
0
0
0
0
0
0
0
0
0
0

0.0065 4/28/2014
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

22.7 6/16/2014
6.49 1/19/2011
700 6/15/2011
800 5/18/2011

100 3/9/2010

100 3/9/2010
100 3/9/2010

0
0.23 8/17/2010

0

Maximum 
Sample Result

Date of Max 
Sample

Sample Month and Results Sample Month and Results
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588TRA144 - Tule River at North Fork Road 144

Constituent Field/Lab WQTL MDL PQL Units Jan'06 Feb'06 Mar'06 Apr'06 May'06 June'06 July'06 Aug'06 Sept'06 Oct'06 Nov'06 Dec'06 Jan'07 Feb'07 Mar'07 Apr'07 May 07 June 07 07/05/07 Aug 07 Sept 07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 03/05/08 Apr'08 May'08 06/18/08 07/30/08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08

Flow Field cfs 275 140 250 95 275 375
EC Field 700 umhos/cm 21 25.6 154 211 34.9 38.4

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH 6.9 6.9 7.42 8.27 7.21 7.59

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius 21.5 23.3 25.6 12.8 22.5 23.4

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L 8.7 8.1 7.9 12.1 11.2 3.8

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L ND ND 100 130 21 30

Turbidity FGL 0.035 0.1 NTU 1.4 5.7 3 4.2 3 8.3
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND ND ND 0.5 0.3 0.3

Orthophosphate-P FGL 0.21 0.6 mg/L ND ND ND 0.4 ND ND
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND ND ND ND 0.1 ND

Unionized Ammonia FGL mg/L ND ND
TKN FGL 0.267 0.5 mg/L ND ND ND ND 0.7 ND

Color Field 1 APHA 5 10 15 50
Slightly 
Turbid

Slightly 
Turbid

Phosphorus FGL 8.1 50 ug/L ND ND ND ND 0.07 ND
Arsenic FGL 10 0.09 0.2 ug/L ND ND ND ND 0.00349 ND
Boron FGL 700 5 10 ug/L ND ND ND ND ND ND

Cadmium FGL 5 0.02 0.2 ug/L ND ND ND ND ND ND
Copper FGL 1300 0.13 0.5 ug/L 0.004 0.005 ND ND 0.168 0.004
Lead FGL 15 0.11 0.2 ug/L 0.0003 0.0003 ND ND 0.00102 0.0005

Nickel FGL 100 0.16 0.5 ug/L ND ND ND ND 0.00152 ND
Selenium FGL 50 0.1 1 ug/L ND ND ND ND ND ND

Zinc FGL 2.3 20 ug/L 0.01 0.06 ND ND 0.0161 0.01
Molybdenum FGL 10 0.07 0.5 ug/L ND ND 0.001

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 Mar'06 Apr'06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct'06 Nov'06 Dec'06 Jan 07 Feb 07 Mar'07 Apr'07 May 07 June 07 07/05/07 Aug 07 Sept 07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 03/05/08 Apr'08 May 08 06/18/08 07/30/08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND
Hardness FGL 1 1 mg/L 4.99 4.99 54.8 82 7 7.49
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND ND ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND ND ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND ND ND ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND ND ND ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND ND ND ND ND
Esfenvalerate CRG 0.002 0.02 ug/L ND ND ND ND ND ND
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND ND ND ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND ND ND ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 Mar'06 Apr'06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct'06 Nov'06 Dec'06 Jan 07 Feb 07 Mar'07 Apr'07 May 07 June 07 07/05/07 Aug 07 Sept 07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 03/05/08 Apr'08 May 08 06/18/08 07/30/08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L ND ND ND ND ND 0.011
Demeton-S APPL 0.01 0.1 ug/L ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND
Dimethoate APPL  0.08 0.1 ug/L ND ND ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND ND ND ND ND ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND ND ND ND ND ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND ND ND

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L ND ND ND ND ND ND
Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND

TSS FGL na 10 mg/L 0 21 27
TOC FGL 0.13 0.5 mg/L 1.7 1.5 2.2 4.7 1.7 1.6

E. coli FGL 235 1.1 MPN 20 21 54 32 68 25
Fecal Coliform FGL 400 1.1 MPN 50 50 230 50 170 13

Toxicity, minnow ABC 96h 60 100 100 95 85 100
Toxicity, water flea ABC 48h 100 100 100 85 100 100

Toxicity, algae ABC 48h 100 100 100 100 100 100
Sediment Results 10d 97.5 100 100 95

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results

Sample Month and Results



588TRA144 - Tule River at North Fork Road 144

Constituent Field/Lab WQTL MDL PQL Units

Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{5}  No significant difference from control

Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/15/09 08/21/09  Sept 09 Oct 09 Nov 09 Dec 09 Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/14/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.11 Dec.11

225 465
Standing 

Water 150 160 285 325 325 160 185 250 325 175 275 295 215 190 140 0 0
65.3 101.1 40.1 202 55 54.1 61.7 32.1 20.4 170 94.6 71.8 137.6 45.6 78 18.73 22 21.26 25.7

20 55 55.7 61.7 32.1 20.4
7.57 7.84 7.76 8.35 7.7 7.48 7.43 7.11 7.13 7.86 8.21 7.64 8.16 7.28 7.69 7.5 7.47 7.35 7.15

8.35 7.7 7.48 7.43 7.11 7.13
17.6 24 36.3 12.8 15.6 16.4 21.4 21.8 24.1 10.5 12.5 12.2 13.4 14.1 20.2 19.9 21.3 20.8 21.5

12.8 15.56 16.4 21.4 21.8 24.1
6.9 8.77 7.59 11.5 9.43 9.67 8.96 7.43 8.18 11.15 10.48 10.3 10.37 9.97 8.58 8.96 8.29 8.64 8

11.5 9.43 9.67 8.96 7.43 8.18
24.9 50 ND 120 53.6 31.8 29.6 ND 17.6 118 75.5 46.1 102 43.2 62.9 28.1 ND 22.8 17.9

4 8.5 1.9 6.7 24.2 11.3 7.15 11.1 3.79 10.7 7.54 9.11 6.92 6.56 5.18 4.69 2.14 0.965 0.608
ND ND ND 0.3 ND 0.4 ND ND ND 1 0.1 0.1 0.2 0.03 0.03 ND 0.04 0.04 0.05

0.03 0.02 0.06 0.0576 0.0388 0.0461 0.0207 0.0115 0.146 0.0811 0.0521 0.0789 0.0644 0.0381 0.0139 0.0274 0.0132 0.01
0.143 2.4 0.2 ND ND 0.369 ND ND ND ND ND 0.126 ND 0.173 0.048 0.097 ND ND 1.2

0.000219 0.00935 ND ND ND 0.00336 ND ND ND ND ND 0.0012 ND 0.00084 0.00093 0.0012 ND ND 0.00746
0.742 0.6 ND 1.08 0.389 0.5 0.802 ND 0.402 ND ND 0.243 0.177 0.115 ND 0.328 1.36 0.442 0.747

Slightly 
Turbid

Slightly 
Turbid Clear

Turbid-Pale 
Brown

Greenish - 
Clear

Clear-
Greenish

Greenish - 
Clear

Clear - Pale 
Amber

Clear - 
Greenish 150 5 14 16 13 14 13 11 8 9

ND ND ND 30.9 ND 0.0234 0.317 0.0458 ND 0.149 0.0199 0.0675 0.0686 0.0117 0.044 0.0125 0.011 ND ND
0.00176 0.002 ND 1.286 3.17 1.73 1.34 1.25 1.12

ND 0.03 0.01 45.8 26.5 27.1 14 ND 8.36
ND ND ND 0.058 0.208 ND 0.037 ND ND

0.00657 0.005 0.004 3 4.77 5.54 4.88 11.1 4.08
0.000581 0.0009 0.0003 0.493 1.32 0.792 0.725 0.795 0.615

0.00165 0.002 ND 1.273 1.7 1.51 0.984 1.55 0.754
ND ND ND ND ND ND ND ND 0.451

0.167 ND 0.02 31.7 12.9 9.72 8.67 10.5 19.4
ND 0.001 0.001 2.12 1.46 1.21 0.997 ND 0.818

Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/15/09 08/21/09  Sept 09 Oct 09 Nov 09 Dec 09 Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct 10 Nov 10 Dec 10 Jan.'11 Feb.'11 Mar.'11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.11 Dec.11

ND ND ND ND ND ND ND ND ND
9.98 35.7 7.49 74 18.6 16.1 19.1 8.57 6.7 63.5 41.2 27.8 53.8 14.9 29.9 6.45 9.91 6.11 7.05
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND

ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND

Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/15/09 08/21/09  Sept 09 Oct 09 Nov 09 Dec 09 Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/14/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.11 Dec.11

ND ND ND ND ND ND ND ND ND
0.0081 0.15 ND ND 0.017 ND ND 0.013 ND

ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND
ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND

13.8 29 4 8 47.1 28.1 21.9 54.8 13.2 6.91 5.86 13 12.1 19 9.85 19.7 6.15 1.65 1.35
2 2.7 2.4 5.8 3.31 3.71 2.35 0.698 1.33 6.9 3.76 2.83 3.9 2.67 5.77 1.65 1.05 0.649 0.753

44 82 4 21 166 96 67 65 27.8 30 50 50 140 150 300 60.1 33.6 30 50
70 220 50 50 170 110 80 110 21 14.8 44.8 36.4 116 500 201.4 80 130 19.9 59.4

70(5) 95(5) 100 100 100 100 100 95(5) 100 100 100 100 100 100 100 100 80(6) 100 95(5)

60(5) 100 100 100 100 100 100 100 100 100 100 100 100 95(5) 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

87.5 97.5(5)

0.25

Sample Month and Results

Sample Month and ResultsSample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



588TRA144 - Tule River at North Fork Road 144

Constituent Field/Lab WQTL MDL PQL Units

Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in contro
{5}  No significant difference from control

Jan '12 Feb '12 March'12 April'12 May '12 June '12 July '12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13

0 0 0 0 0 0 0 410 0 0 0 0 0 0 0 0 375 0 0 0 0 465 7/15/2009
32.3 31.2 211 3/5/2008

31.2 61.7 6/16/2010
7.07 7.71 8.35 3/9/2010

7.71 8.35 3/9/2010
24.2 22.8 36.3 8/21/2009

22.8 24.1 8/17/2010
7.86 8.52 12.1 3/5/2008

8.52 11.5 3/9/2010
15.3 25.9 130 3/5/2008
8.62 10.6 24.2 4/20/2010
ND ND 1 1/19/2011

0.0126 0.0392 0.4 3/5/2008
0.064 ND 2.4 7/15/2009

0.000407 ND 0.00935 7/15/2009
1.4 0.578 1.4 8/15/2012

6 150 1/19/2011
ND 0.0134 30.9 3/9/2010

1.7 3.17 4/20/2010
18.7 45.8 3/9/2010
ND 0.208 4/20/2010

9.16 11.1 7/14/2010
0.828 1.32 4/20/2010

2.22 2.22 Aug‐13
0.236 0.451 8/17/2010

7.73 31.7 3/9/2012
1.34 2.12 3/9/2010

Jan '12 Feb '12 March'12 April'12 May '12 June '12 July '12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13

0
10.3 11 82 3/5/2008

ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

Jan '12 Feb '12 March'12 April'12 May '12 June '12 July '12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13

0
0.15 7/15/2009

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

15.3 34.7 54.8 7/14/2010
2.52 3.55 6.9 1/19/2011
43.5 19.9 300 6/15/2011

23 22 500 5/18/2011
95(5) 97.5 100 8/21/2009
100 100 100 7/15/2009
100 100 100 5/11/2009

100 7/5/2007
0.25 9/22/2010

0

Sample Month and Results

Maximum 
Sample Result

Date of Max 
Sample

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 
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558TRAR92 - Tule River at Road 92

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 Mar.'06 Apr.'06 May'06 June'06 July'06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan.'07 Feb.'07 Mar.'07 Apr.'07 May'07 June'07 07/05/07 Aug.'07 Sept.'07 Oct.'07 Nov.'07 Dec.'07 Jan.'08 Feb.'08 03/05/08 Apr.'08 May'08 06/18/08 07/30/08 Aug.'08 Sept.'08 Oct.'08 Nov.'08 Dec.'08

Flow Field cfs 190 75 175 60 215 325
EC Field 700 umhos/cm 20.8 23.7 164.4 208 59.8 31.2

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH 7.2 7.1 7.43 8.29 7.5 7.67

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius 21.7 23.9 27 14.3 22.6 23.8

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L 8.5 8.4 7.9 12.1 10.1 3.4

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L ND ND 120 130 22 30

Turbidity FGL 0.035 0.1 NTU 1.4 0.7 3.3 4.2 3.8 7.4
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND ND ND 0.5 ND 0.3

Orthophosphate-P FGL 0.21 0.6 mg/L ND ND ND 0.4 ND ND
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND ND ND ND 0.2 ND

Unionized Ammonia FGL mg/L ND ND
TKN FGL 0.267 0.5 mg/L ND ND ND 1.4 ND 1.1

Color Field 1 APHA 10 10 20 50
Slightly 
Turbid

Slightly 
Turbid

Phosphorus FGL 8.1 50 ug/L 0.02 ND 0.1 0.1 0.06 ND
Arsenic FGL 10 0.09 0.2 ug/L ND ND ND ND 0.00362 ND
Boron FGL 700 5 10 ug/L ND ND ND ND ND ND

Cadmium FGL 5 0.02 0.2 ug/L ND ND ND ND ND ND
Copper FGL 1300 0.13 0.5 ug/L 0.003 0.009 ND ND 0.0219 0.012
Lead FGL 15 0.11 0.2 ug/L 0.0003 ND ND ND 0.00104 0.0007

Nickel FGL 100 0.16 0.5 ug/L ND ND ND ND 0.00121 0.005
Selenium FGL 50 0.1 1 ug/L ND ND ND ND ND ND

Zinc FGL 2.3 20 ug/L 0.01 0.06 0.03 ND 0.0161 0.01
Molybdenum FGL 10 0.07 0.5 ug/L ND ND 0.001

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 Mar.'06 Apr.'06 May'06 June'06 July'06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan.'07 Feb.'07 Mar.'07 Apr.'07 May'07 June'07 07/05/07 Aug.'07 Sept.'07 Oct.'07 Nov.'07 Dec.'07 Jan.'08 Feb.'08 03/05/08 Apr.'08 May'08 06/18/08 07/30/08 Aug.'08 Sept.'08 Oct.'08 Nov.'08 Dec.'08

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND
Hardness FGL 1 1 mg/L 4.99 4.99 57.3 82 7 9.98
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND ND ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND ND ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND ND ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND ND ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND ND ND ND
Esfenvalerate CRG 0.002 0.02 ug/L ND ND ND ND ND
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND ND ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND ND ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 Mar.'06 Apr.'06 May'06 June'06 July'06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan.'07 Feb.'07 Mar.'07 Apr.'07 May'07 June'07 07/05/07 Aug.'07 Sept.'07 Oct.'07 Nov.'07 Dec.'07 Jan.'08 Feb.'08 03/05/08 Apr.'08 May'08 06/18/08 07/30/08 Aug.'08 Sept.'08 Oct.'08 Nov.'08 Dec.'08

Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L 0.014 ND ND ND ND 0.013
Demeton-S APPL 0.01 0.1 ug/L ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND
Dimethoate APPL  0.08 0.1 ug/L ND ND ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND ND ND ND ND ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND ND ND ND ND ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND ND ND

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L ND ND ND ND ND ND
Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND

TSS FGL na 10 mg/L 0 20 18
TOC FGL 0.13 0.5 mg/L 1.8 1.5 2.4 5 1.8 3

E. coli FGL 235 1.1 MPN 53 18 127 23 120 64
Fecal Coliform FGL 400 1.1 MPN 80 80 500 14 170 300

Toxicity, minnow ABC 96h 80 100 95 75(5) 90 95(5)

Toxicity, water flea ABC 48h 100 100 100 90(5) 100 100
Toxicity, algae ABC 48h 100 100 100 100 100 100

Sediment Results 10d 95 97.5 92.5(5) 92.5(5)

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and ResultsSample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



Jan.'09 Feb.'09 Mar.'09 Apr.'09 05/11/9 June'09 07/15/09 08/21/09 Sept.'09 Oct.'09 Nov.'09 Dec.'09 Jan.'10 Feb.'10 09/09/10 04/21/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct.'10 Nov.'10 Dec.'10 01/19/11 02/14/11 03/15/11 04/14/11 05/14/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.'11 Dec.'11

150 320
Standing 

Water 0 0 120 110 225 250 250 200 150 200 200 90 150 175 295 110 95 0 0
52.6 87.8 40.8 199 53.8 55.4 83.3 24.8 31.1 167.8 98.2 67.5 142.5 71.3 59.8 20.04 22.4 21.6 22.4

199 53.8 55.4 83.3 24.8 31.1
7.21 8.03 8.87 8.5 7.59 7.46 7.17 7.13 6.93 7.64 8.32 7.72 7.97 7.2 7.52 7.44 7.95 7.19 7.14

8.5 7.59 7.46 7.17 7.13 6.93
17.4 27.7 56.9 13.2 13.3 18 21.3 21.6 21.7 11.2 12.8 13.9 12.1 14.7 20.3 19.1 19.3 21.4 21.9

13.2 13.3 18 21.3 21.6 24.1
8.9 8.27 8.92 11.79 9.77 9.27 8.47 7.73 8.22 10.35 9.54 9.85 10.01 9.32 8.21 8.45 8.57 8.17 7.7

11.79 9.77 9.27 8.47 7.73 8.22
38.1 50 ND 120 24.9 30.3 31.9 22.7 22.1 118 56.7 47.7 103 55.7 46.7 29.5 18.3 30.8 14.7

6.2 8.5 4 7.2 8.51 3.89 7.44 13.8 4.3 10.5 5.81 9.65 12.5 5.05 4.63 3 2.06 0.7 1.01
ND ND ND 0.2 0.04 0.04 ND ND ND 0.9 0.1 0.1 0.2 ND ND 0.03 0.03 0.09 0.07

0.03 0.05 0.02 0.06 0.0588 0.0417 0.0475 0.0223 0.0115 0.15 0.0753 0.0449 0.103 0.039 0.0396 ND 0.0327 30.8 ND
ND 5.1 ND ND ND 0.103 ND ND ND ND 0.063 0.084 ND 0.16 0.056 ND ND ND 0.198
ND 0.0366 ND ND ND 0.00101 ND ND ND ND 0.0029 0.0011 ND 0.00068 0.00064 ND ND ND 0.00124
ND ND ND 1.54 0.401 ND 0.743 ND 0.695 0.147 0.29 0.149 0.113 0.444 ND 0.197 0.91 1.33 0.719

Slightly 
Turbid

Slightly 
Turbid Clear

Turbid - Pale 
Brown

Greenish-
Tan

Greenish 
Tan

Turbid - 
Slightly

Light 
Amber 
Brown

Greenish -
Brown 100 15 15 65 14 13 13 12 9 10

0.0397 ND ND 14.3 ND 0.036 ND 0.0435 0.0106 0.153 0.0356 ND 0.0718 0.0134 0.0326 ND ND ND 0.0517
0.00176 0.001 ND 1.499 0.837 1.57 1.27 1.17 1.1

ND 0.02 0.01 47.8 27.6 20.2 12.9 ND 8.17
ND ND ND 0.084 0.0996 ND 0.069 ND ND

0.0066 0.004 0.006 3.12 3.72 6.06 6.09 14.2 5.04
0.00387 0.0006 0.0003 0.464 0.638 0.631 1.33 0.714 0.598
0.00223 0.001 ND 1.108 0.184 1.06 1.24 0.658 3.34

ND ND ND ND 1.28 ND ND ND ND
0.0242 ND ND 51.8 9.05 5.76 16.8 8.87 21.7

ND 0.001 ND 1.88 1.5 1.07 0.866 ND 0.746

Jan.'09 Feb.'09 Mar.'09 Apr.'09 05/11/9 June'09 07/15/09 08/21/09 Sept.'09 Oct.'09 Nov.'09 Dec.'09 Jan.'10 Feb.'10 09/09/10 04/21/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct.'10 Nov.'10 Dec.'10 01/19/11 02/14/11 03/15/11 04/14/11 05/14/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.'11 Dec.'11

ND ND ND ND ND ND ND ND ND
9.98 33.2 7.49 75.4 14.6 16.8 19.4 8.46 6.33 67.4 37.9 28.4 61 24.3 23.1 6.85 11.3 7.6 7.69
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND

ND ND ND ND
ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND

Jan.'09 Feb.'09 Mar.'09 Apr.'09 05/11/9 June'09 07/15/09 08/21/09 Sept.'09 Oct.'09 Nov.'09 Dec.'09 Jan.'10 Feb.'10 09/09/10 04/21/10 05/18/10 06/16/10 07/14/10 08/17/10 09/22/10 Oct.'10 Nov.'10 Dec.'10 01/19/11 02/14/11 03/15/11 04/14/11 05/14/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov.'11 Dec.'11

ND ND ND ND ND ND ND ND ND
ND ND ND ND 0.015 0.0067 ND 0.018 ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND ND ND ND
ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND

10.7 19 7.49 6 9.55 14.6 9.25 23.7 6.1 7.68 4.65 12.7 18 6.05 7.47 8.25 3.5 2.19 2.2
2.74 2.6 2.6 5.8 2.15 2.81 2.32 0.668 1.35 6.87 3.81 2.82 4.01 3.01 2.28 1.54 2.32 1.1 0.888

74 129 40 55 142 108 155 133 83.3 30 30 50 1300 365.4 500 231 72.8 300 50
280 110 22 50 300 220 130 500 170 41.3 14.5 29.1 203 500 238.2 500 130 191.8 131.3
80(5) 100 100 100 100 100 95(5) 100 100 100 100 100 95(5) 100 100 100 15(6) * 100 95(5)

80(5) 100 100 100 100 100 95(5) 100 100 100 100 95(5) 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

87.5 87.5(5)

0.65

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results

Sample Month and Results



Jan.'12 Feb.'12 Mar'.12 Apr.'12 May'12 June'12 July'12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan.'13 Feb.'13 Mar.'13 Apr.'13 May'13 June'13 July'13 Aug.'13 09/15/13 Oct.'13 Nov.'13 Dec.'13

0 0 0 0 0 0 0 350 0 0 0 0 0 0 0 0 250 0 0 0 0 350 8/15/2012
32.7 33.8 208 3/5/2008

33.8 199 3/9/2010
6.96 7.45 8.87 8/21/2009

7.45 8.5 3/9/2010
24.6 21.8 56.9 8/21/2009

21.8 24.1 8/17/2010
7.31 8.4 12.1 3/5/2008

8.4 11.79 3/9/2010
19.1 33 130 3/5/2008
6.71 11.6 13.8 7/14/2010
ND ND 0.9 9/15/2011

0.014 0.0397 30.8 9/15/2011
0.338 ND 5.1 7/15/2010

0.001700 ND 0.0366 7/15/2010
0.357 0.522 1.54 3/9/2010

8 100 1/19/2011
ND 0.0236 14.3 3/9/2010

1.55 1.57 5/15/2010
17 47.8 3/9/2010

ND 0.0996 4/21/2010
8.47 14.2 7/14/2010

0.615 1.33 6/16/2010
1.25 3.34 8/17/2010

0.178 1.28 4/21/2010
6.65 51.8 3/9/2010
1.26 1.88 3/9/2010

Jan.'12 Feb.'12 Mar'.12 Apr.'12 May'12 June'12 July'12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan.'13 Feb.'13 Mar.'13 Apr.'13 May'13 June'13 July'13 Aug.'13 09/15/13 Oct.'13 Nov.'13 Dec.'13

0
11 12.8 82 3/5/2008

ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

0
0
0
0
0
0
0

ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

Jan.'12 Feb.'12 Mar'.12 Apr.'12 May'12 June'12 July'12 08/15/12 Sept.'12 Oct.'12 Nov.'12 Dec.'12 Jan.'13 Feb.'13 Mar.'13 Apr.'13 May'13 June'13 July'13 Aug.'13 09/15/13 Oct.'13 Nov.'13 Dec.'13

ND 0
ND 0.018 7/14/2010
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

0
21 21 Aug‐13

9.4 6.42 23.7 7/14/2010
2.49 39.3 39.3 Aug‐13
46.5 500 1300 03/15/20100

70 97.5 500 5/18/2011
90(5) 95 100 8/1/2006
100 100 100 8/1/2006
100 100 8/1/2006

97.5 7/5/2007
0.65 9/22/2010

0

Maximum 
Sample Result

Date of Max 
Sample

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 
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558DCR248 - Deer Creek at Road 248

Constituent Field/Lab WQTL MDL PQL Units Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 Jul 10 08/17/10 Sept 10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/19/11 Aug '11 Sept '11 Oct '11 11/16/11 12/21/11 1/18/12 2/22/12 3/14/12 4/18/12 05/17/12 June '12 July '12 Aug. '12 Sept.'12 Oct'12 Nov'12 Dec'12
Flow Field cfs 0 0 40 25 25 8 35 22 100 40 75 35 5 0 0 0 12 9 8 10 10 40 6 0 0 0 0
EC Field 700 umhos/cm 214 198.5 180.6 181.3 199.4 215.9 174.4 163.9 147.5 172.2 208.5 257 266 283 252 250 177.9 216.8

EC dup FGL 700 umhos/cm 214 198.5 180.6 181.3
pH Field 6.5-8.3 pH 8.12 8.06 7.81 7.99 7.99 8.14 7.88 8.13 7.7 8.09 8.14 8.24 8.4 8.53 8.46 8.24 8.24 8.34

pH dup FGL 6.5-8.3 pH 8.12 8.06 7.81 7.99
Temperature Field Celsius 9.1 18 17.9 29.1 15.2 16.1 22.5 18.1 14.1 30.7 29.5 18.1 12.7 11.7 15.3 20.5 20.1 26.1

Temperature dup FGL Celsius 9.1 18 17.9 29.1
Dissolved Oxygen Field Min. 7.0 mg/L 11.07 8.61 8.36 7.3 9.5 9.47 8.19 9.1 9.12 7.01 7.2 9.2 9.89 11.11 10.02 8.99 8.59 7.58

Dissolved Oxygen dup FGL Min. 7.0 mg/L 11.07 8.61 8.36 7.3
TDS FGL 450 4.4 10 mg/L 150 136 129 99.2 135 146 118 129 112 113 141 166 151 177 166 175 146 145

Turbidity FGL 0.035 0.1 NTU 4.3 8.2 4.04 3.99 7.26 5.16 12 6.84 9.34 2.7 3.72 4.03 1.58 6.06 2.48 6.08 9.62 2.33
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L 0.6 0.06 0.05 0.03 1 0.4 0.6 0.6 0.1 0.1 0.1 0.2 0.04 0.05 0.1 0.03 0.2 0.1

Orthophosphate-P FGL 0.21 0.6 mg/L 0.09 0.0991 0.0773 0.124 0.117 0.14 0.154 0.154 0.143 0.103 0.215 0.0619 0.0587 0.0543 0.0494 0.0379 0.0552 0.0479
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND 0.282 0.264 0.108 ND ND 0.162 ND 0.171 0.048 ND ND ND ND ND ND ND ND

Unionized Ammonia FGL mg/L ND 0.0107 0.00568 ND ND ND 0.0056 ND 0.0022 0.0045 ND ND ND ND ND ND ND ND
TKN FGL 0.267 0.5 mg/L 0.981 ND 0.791 0.88 ND ND 0.103 0.343 0.272 ND 0.283 0.298 0.499 ND 0.352 0.327 0.405 ND

Color Field 1 APHA
Slightly 
Turbid

Brownish 
Turbid

Clear - 
Brownish 

Green

Clear - 
Slightly 
Turbid 50 5 70 65 15 43.3 14 12 12 9 14 12 43.3 22.5

Phosphorus FGL 8.1 50 ug/L 23.4 36 0.0727 0.0394 0.139 0.0859 0.112 0.125 0.0637 0.0944 0.0638 0.0522 0.0204 ND ND 0.0272 0.014 0.022
Arsenic FGL 10 0.09 0.2 ug/L 2.205 2.36 2 2.15
Boron FGL 700 5 10 ug/L 30.6 31.1 29.1 28.6

Cadmium FGL 5 0.02 0.2 ug/L ND 0.085 ND 0.035
Copper FGL 1300 0.13 0.5 ug/L 2.82 1.58 2.56 2.29
Lead FGL 15 0.11 0.2 ug/L 0.487 0.599 0.595 0.315

Nickel FGL 100 0.16 0.5 ug/L 1.13 0.514 0.736 0.567
Selenium FGL 50 0.1 1 ug/L ND 0.299 ND ND

Zinc FGL 2.3 20 ug/L 34.5 11.1 7.86 4.86
Molybdenum FGL 10 0.07 0.5 ug/L 5.39 4.97 4.4 4.41

Constituent Field/Lab WQTL MDL PQL Units Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 Jul 10 08/17/10 Sept 10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/19/11 Aug '11 Sept '11 Oct '11 11/16/11 12/21/11 1/18/12 2/22/12 3/14/12 4/18/12 05/17/12 June '12 July '12 Aug. '12 Sept.'12 Oct'12 Nov'12 Dec'12
Methoxychlor CRG 30 0.008 0.01 ug/L ND ND ND ND

Hardness FGL 1 1 mg/L 75.8 63.9 57.8 57.8 67.9 78.6 66 59.1 51.5 63.6 67.2 94.5 86.4 89.7 91.1 84.5 65.1 81.2
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND
Esfenvalerate CRG 0.002 0.02 ug/L 1.2 ND
Fenpropthrin 0.006 0.02 ug/L ND

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/16/10 Jul 10 08/17/10 Sept 10 Oct 10 Nov 10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/19/11 Aug '11 Sept '11 Oct '11 11/16/11 12/21/11 1/18/12 2/22/12 3/14/12 4/18/12 05/17/12 June '12 July '12 Aug. '12 Sept.'12 Oct'12 Nov'12 Dec'12
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L ND ND ND ND
Demeton-S APPL 0.01 0.1 ug/L ND ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND ND
Dimethoate APPL 1 0.08 0.1 ug/L ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND
Paraquat N Coast 3.2 0.21 0.4 ug/L ND ND ND ND

Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND ND
TSS FGL na 10 mg/L 574 29.6 120 9.62 10 9.35 22.4 21.2 21.4 8.64 24 13.5 4.75 16 11.4 23.1 20.8 6.57
TOC FGL 0.13 0.5 mg/L 7.2 5.27 4.82 3.62 5.38 4.3 4.98 4.98 4.23 3.22 2.55 2.4 1.65 1.82 1.86 2.11 5.73 3

E. coli FGL 235 1.1 MPN 276 1990 921 308 80 80 500 80 1203.3 800 547.5 1700 387.3 137.6 224.7 700 980.4 700
Fecal Coliform FGL 400 1.1 MPN 140 5000 1300 500 103.9 81.3 290.9 206 500 613 300 1986.3 230 230 230 2419.2 700 1119.9

Toxicity, minnow ABC 96h 100 95(5) 100 100 100 95(5) 100 95(5) 100 100 95(5) 100 100 100 95(5) 95(5) 100 100
Toxicity, water flea ABC 48h 100 100 100 100 100 100 95(5) 100 100 100 100 100 100 100 100 90(5) 100 100

Toxicity, algae ABC 48h 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Hyalella Azteca 10d 100

TOC 0.2
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results Sample Month and Results



558DCR248 - Deer Creek at Road 248

Constituent Field/Lab WQTL MDL PQL Units
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL 1 0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L
Paraquat N Coast 3.2 0.21 0.4 ug/L

Trifluralin APPL 5 0.036 0.05 ug/L
TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Hyalella Azteca 10d

TOC
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control
{5}  No significant difference from control

Jan '13 2/19/13 3/19/13 April '13 May '13 June '13 July '13 Aug '13 Sept '13 Oct '13 Nov '13 Dec '13
0 8 4 4 0 0 0 0 0 0 0 0 100 3/15/2011

267 256 284 284 Apr‐13
267 256 279 279 Apr‐13
8.4 8.89 8.73 8.89 3/19/2013
8.4 8.89 8.84 8.89 3/19/2013

12.6 25.6 20.9 30.7 6/15/2011
12.6 25.6 20.7 29.1 6/16/2010

10.66 8.88 9.37 11.11 1/18/2012
10.66 8.88 9.37 11.07 3/9/2010

158 166 398 398 Apr‐14
5.24 2.88 5.25 12 3/15/2011
0.05 ND 0.04 1 1/19/2011

0.0403 0.043 0.0282 0.215 7/19/2011
ND ND ND 0.282 4/20/2010
ND ND ND 0.0107 4/20/2010

0.443 0.478 0.843 0.981 3/9/2010

70 3/15/2011
ND ND 0.0501 36 4/20/2010

1.71 1.98 1.93 2.36 4/20/2010
37.4 93.7 61.7 93.7 3/19/2013

0.032 0.056 0.047 0.085 3/9/2010
2.03 3.82 2.96 3.82 3/19/2013

0.584 3.42 5.43 5.43 Apr‐13
0.654 3.84 1.46 3.84 3/19/2013

ND ND ND 0.299 4/20/2010
14.8 23.5 12.8 34.5 3/9/2010
8.15 7.72 8.15 8.15 2/19/2013

Jan '13 2/19/13 3/19/13 April '13 May '13 June '13 July '13 Aug '13 Sept '13 Oct '13 Nov '13 Dec '13
0

95.5 84.8 90.5 95.5 2/19/2013
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0

ND 0
ND 0
ND 0
ND 1.2 3/9/2010
ND 0
ND 0
ND 0

ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0

Jan '13 2/19/13 3/19/13 April '13 May '13 June '13 July '13 Aug '13 Sept '13 Oct '13 Nov '13 Dec '13
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0
ND ND ND 0

0
ND ND ND 0
ND ND ND 0
ND ND ND 0

0
ND ND ND 0
ND ND ND 0
ND ND ND 0
9.4 9.35 15.1 574 3/9/2010

3.94 4.91 3.64 7.2 3/9/2010
300 155.3 >2419.2 1990 4/20/2010

344.1 300 2300 5000 4/20/2010
100 100 100 100 3/9/2010
100 100 100 100 3/9/2010
100 100 100 100 3/9/2010

72.5(5) 100 8/17/2010
ND 0.2 8/17/2010

0

Date of Max 
Sample

Maximum 
Sample Result

Sample Month and Results

Sample Month and Results

Sample Month and Results
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558DCR178 - Deer Creek at Road 176

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 April 08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 Oct 09 Nov 09 Dec 09
Flow Field cfs 235 120 75 150 265 200 115
EC Field 700 umhos/cm 21 20.2 50.4 35.5 110.5 31.2 30.3

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH 7.1 7.1 7.81 7.6 7.33 7.36 7.54

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius 22 23.7 15.7 26.9 17.7 23.4 24.3

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L 8.2 7.4 8.9 9.9 8.5 8.21 7.69

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L ND 1.5 ND 29 19.8 18.3 30

Turbidity FGL 0.035 0.1 NTU 1.3 0.8 2.8 2.5 12.5 10.1 1.9
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND ND 0.2 ND ND ND ND

Orthophosphate-P FGL 0.21 0.6 mg/L ND ND ND ND 0.02 0.0187 ND
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND ND ND ND ND ND ND

Unionized Ammonia FGL mg/L ND ND ND ND ND
TKN FGL 0.267 0.5 mg/L 1.2 ND ND 0.6 0.202 0.439 ND

Color Field 1 APHA 5 10 25
Slightly 
Turbid

Slightly 
Turbid

Slightly 
Turbid Clear

Phosphorus FGL 8.1 50 ug/L ND ND ND ND 0.014 ND ND
Arsenic FGL 10 0.09 0.2 ug/L ND ND ND ND 0.0018 0.00135 0.002
Boron FGL 700 5 10 ug/L ND ND ND ND ND ND ND

Cadmium FGL 5 0.02 0.2 ug/L ND ND ND ND ND ND ND
Copper FGL 1300 0.13 0.5 ug/L 0.006 0.008 0.0267 0.008 0.00504 0.0058 0.006
Lead FGL 15 0.11 0.2 ug/L 0.0004 0.0002 ND 0.0006 0.00112 0.00708 0.0004

Nickel FGL 100 0.16 0.5 ug/L ND ND ND 0.001 ND ND ND
Selenium FGL 50 0.1 1 ug/L ND ND ND ND ND ND ND

Zinc FGL 2.3 20 ug/L ND 0.07 ND ND 0.01 0.0217 0.01
Molybdenum FGL 10 0.07 0.5 ug/L ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 April 08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 Oct 09 Nov 09 Dec 09
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND ND

Hardness FGL 1 1 mg/L 4.99 4.99 9 7.49 9.98 4.99 4.99
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND ND ND ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND ND ND ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND ND ND ND ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND ND ND ND ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND ND ND ND ND ND
Esfenvalerate CRG 0.002 0.02 ug/L ND ND ND ND ND ND ND
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND ND ND ND ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND ND ND ND ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 April 08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 Mar 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 Oct 09 Nov 09 Dec 09
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L ND ND ND ND ND ND ND
Demeton-S APPL 0.01 0.1 ug/L ND ND ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND ND ND
Dimethoate APPL  0.08 0.1 ug/L ND ND ND ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND ND ND ND ND ND ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND ND ND ND ND ND ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND ND ND ND

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L ND ND ND ND ND ND ND
Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND ND ND

TSS FGL na 10 mg/L 0 13 32.5 21 2.4
TOC FGL 0.13 0.5 mg/L 2 1.5 1.5 1.7 2.41 1.53 1.7

E. coli FGL 235 1.1 MPN 63 22 44 156 28 18 22
Fecal Coliform FGL 400 1.1 MPN 80 80 30 50 50 50 70

Toxicity, minnow ABC 96h 90 100 90 95(5) 75(5) 100 100
Toxicity, water flea ABC 48h 100 100 100 100 75(5) 75(5) 100

Toxicity, algae ABC 48h 100 100 100 100 100 100 100
Sediment Results 10d 97.5 97.5 67.5 92.5

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



558DCR178 - Deer Creek at Road 176

Constituent Field/Lab WQTL MDL PQL Units
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.17
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.17
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.14
{5}  No significant difference from control

Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/17/10
Field Dup 
06/17/10 07/14/10

Field Dup 
07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11

5 45 170 120 120 40 48 85 85 175 195 190 160 120 90 0 0
211 81 52.2 30.4 22.3 20.5 176 48.9 138.2 126.4 66.4 39.5/69.5 17.47 22.4 21.5 21.7
211 81 52.2 30.1 22.3 20.5

8.17 7.63 7.64 7.41 6.98 7.22 8 8.07 7.92 8.21 7.59 7.71 7.6 7.56 7.27 7.27
8.17 7.63 7.64 7.38 6.98 7.22
10.3 17.4 16.4 24.9 19.4 25.9 11.3 13.7 14.7 12.4 14.9 21.1 20.6 21.7 20.9 20.6
10.3 17.4 16.4 19.8 19.4 25.9

10.57 9.01 8.96 8.48 8.49 7.64 10.3 10.63 9.89 9.86 9.26 8.38 8.23 8.09 8.23 8.63
10.57 9.01 8.96 8.64 8.49 7.64

130 43.9 39 21.4 21.3 17.6 14.2 21 112 36.3 98.4 102 51.9 45.3 30.9 14.4 33.3 ND
6.4 2.2 2.14 5.99 8.02 3.18 4.47 2.06 16.1 4.91 12.4 6.26 4.39 3.14 3.33 1.19 1.29 1.5
0.5 ND 0.04 ND ND ND ND ND 1.1 ND 0.5 0.4 0.05 0.3 0.03 0.04 0.05 0.05
0.1 0.0409 0.0409 0.0347 0.0272 0.019 0.0177 0.0115 0.137 0.056 0.159 0.134 0.0769 0.0319 0.154 0.0292 0.014 0.0105
ND ND ND ND ND ND ND ND ND ND 0.086 0.084 0.158 0.055 0.048 ND ND 0.188
ND ND ND ND ND ND ND ND 0.0019 0.003 0.0017 0.0012 0.00078 ND ND 0.00144

0.819 ND 0.462 0.895 0.914 ND ND 0.569 ND ND 0.206 ND 0.402 ND 0.245 0.774 0.246 0.751

Slightly 
Turbid

Clear 
Greenish

Clear - 
Greenish 

Tan
Clear - 

Greenish
Clear - 

Greenish
Clear - Pale 

Greenish 150 5 10 60 13 13 12 12 8 10
0.0114 ND 0.028 0.188 0.106 0.0264 0.0605 ND 0.268 0.0718 0.054 0.129 0.0209 0.0352 ND ND ND ND
2.042 2.26 1.71 1.48 1.52 1.04 1.04 1.4
29.1 24.5 19 10.9 20.8 ND ND 8.88

0.044 0.084 ND 0.033 0.078 ND 0.035 0.023
3.57 2.48 6.53 11.3 10.4 15.1 14.4 4.1

0.395 0.364 0.751 0.649 0.495 0.493 0.508 1.13
0.955 0.105 1.28 1.33 1.14 ND ND 1.05

ND ND ND 0.117 0.188 ND ND 0.345
10.9 8.13 8.68 8.92 10.5 5.71 7.13 25.2
5.47 1.66 1.03 0.837 0.902 ND ND 0.821

Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/17/10
Field Dup 
06/17/10 07/14/10

Field Dup 
07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11

ND ND ND ND ND ND ND ND
71.9 13.2 14.7 9.55 9.01 6.36 5.88 6.11 64.6 18.7 52.8 48.8 22.4 13.3 10.1 10.2 7.1 7.31
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND
ND
ND
1.6

ND
ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND

Jan 10 Feb 10 03/09/10 04/20/10 05/18/10 06/17/10
Field Dup 
06/17/10 07/14/10

Field Dup 
07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11

ND ND ND ND ND ND ND ND
0.022 0.007 ND 0.008 0.0074 ND ND ND

ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND
ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND

3 4 21 21.4 17.9 32.8 28.4 6.35 17.5 6.2 13.9 23.5 16.3 6.63 9.54 7.2 3.01 3.35
7.9 2.38 2.8 1.78 1.7 0.581 0.522 1.43 5.82 2.84 4.34 3.92 2.88 2.3 2.13 1.33 2.36 1.09
119 66.3 65.7 41.3 44.8 33.6 21.6 118 50 50 300 110 307.6 300 23.1 11 30 80
300 30 80 80 110 23 50 110 62 65.7 325.5 13.9 170 105 13 8 23.8 23.3
100 100 100 100 100 100 100 100 100 100 75(5) 100 100 20(6) * 100 95(5)

100 100 100 100 100 100 100 100 100 100 95(5) 100 100 90(5) 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

77.5(5) 75(5)

ND

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



558DCR178 - Deer Creek at Road 176

Constituent Field/Lab WQTL MDL PQL Units
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.17
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.17
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.14
{5}  No significant difference from control

Jan '12 Feb '12 March '12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13
0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 175 0 0 0 0 265 5/11/2009

189.8 29.9 211 3/9/2010
29.9 211 3/9/2010

8.28 7.49 8.28 4/18/2012
7.49 8.17 3/9/2010

19.3 24.3 26.9 7/9/2008
24.3 25.9 8/17/2010

8.47 8.1 10.63 2/14/2011
8.1 10.57 3/9/2010

146 26.9 146 4/18/2012
9.24 7.7 16.1 4/19/2011
0.2 ND 1.1 1/19/2011

0.0783 0.0207 0.159 3/15/2011
ND ND 0.188 10/18/2011
ND ND 0.003 4/14/2011

0.417 0.58 1.2 Aug‐06

60 150 1/19/2011
0.0652 ND 0.268 1/19/2011

1.59 2.26 4/20/2010
17 29.1 3/9/2010

ND 0.084 4/20/2010
9.36 15.1 7/14/2010

0.578 1.13 8/17/2010
1.25 1.33 6/17/2010

0.165 0.345 8/17/2010
5.66 25.2 8/17/2010
1.38 5.47 3/9/2010

Jan '12 Feb '12 March '12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13
0

65.2 10.7 71.9 3/9/2010
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

ND 0
ND 0
ND 0
ND 1.6 3/9/2010
ND 0
ND 0
ND 0

ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

Jan '12 Feb '12 March '12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13
ND 0
ND 0.022 3/9/2010
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

ND 0
ND 0

12.5 18.2 32.8 7/14/2010
6.63 3.65 7.9 3/9/2010

866.4 19.9 866.4 4/18/2012
700 220 700 4/18/2012
100 97.5 100 3/9/2010
100 100 100 3/9/2010
100 100 100 3/9/2010

97.5 Sep‐06
0
0

Date of Max 
Sample

Maximum 
Sample Result

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results
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558DCR120 - Deer Creek at Road 120

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May'06 June'06 July'06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 Apr.08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 March 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 10/22/09 Nov 09 Dec 09

Flow Field cfs 58 20 7 100 150 35 65
EC Field 700 umhos/cm 20.1 24.1 50.6 39.7 111.8 32.2 30.6

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH 7.1 7 7.22 7.43 7.27 7.68 7.75

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius 23.9 26.4 16.4 32.2 18.4 28.6 28.9

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L 8.2 7.9 9.8 8.1 8.7 8.36 7.89

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L ND ND ND 35 40.3 24.3 20

Turbidity FGL 0.035 0.1 NTU 2.2 1.4 3.1 4.2 9 8.67 2.4
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND ND 0.3 ND ND ND ND

Orthophosphate-P FGL 0.21 0.6 mg/L ND ND ND ND 0.05 0.0175 ND
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND ND ND ND ND ND ND

Unionized Ammonia FGL mg/L ND ND ND ND ND
TKN FGL 0.267 0.5 mg/L 0.9 ND ND 0.06 0.259 1.65 ND

Color Field 1 APHA 10 10 25 Turbid
Slightly 
Turbid Turbid

Slightly 
Turbid

Phosphorus FGL 8.1 50 ug/L 0.02 ND ND ND 0.0106 ND ND
Arsenic FGL 10 0.09 0.2 ug/L ND ND ND ND 0.00172 0.00165 0.002
Boron FGL 700 5 10 ug/L ND ND ND ND ND ND ND

Cadmium FGL 5 0.02 0.2 ug/L ND ND ND ND ND ND ND
Copper FGL 1300 0.13 0.5 ug/L 0.008 0.01 ND 0.005 0.0043 0.00582 0.006
Lead FGL 15 0.11 0.2 ug/L 0.0003 0.0002 ND 0.0005 0.00083 0.000394 0.0003

Nickel FGL 100 0.16 0.5 ug/L ND ND ND 0.001 ND ND ND
Selenium FGL 50 0.1 1 ug/L ND ND ND ND ND ND ND

Zinc FGL 2.3 20 ug/L 0.01 0.06 ND 0.01 0.0112 0.0195 0.01
Molybdenum FGL 10 0.07 0.5 ug/L ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 April 08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 March 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 10/22/09 Nov 09 Dec 09
Methoxychlor CRG 30 0.008 0.01 ug/L ND ND ND ND ND ND ND

Hardness FGL 1 1 mg/L 4.99 4.99 11 9.98 9.98 7.49 7.49
Atrazine FGL 1 0.07 0.5 ug/L ND ND ND ND ND ND ND

Cyanazine FGL 1 0.09 0.5 ug/L ND ND ND ND ND ND ND
Simazine FGL 4 0.08 0.5 ug/L ND ND ND ND ND ND ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND ND ND ND ND ND ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND ND ND ND ND ND ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND ND ND ND ND ND ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND ND ND ND ND ND ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND ND ND ND ND ND ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND ND ND ND ND ND ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND ND ND ND ND ND ND

Bifenthrin CRG 0.006 0.02 ug/L ND ND ND ND ND ND ND
Cyfluthrin CRG 0.003 0.03 ug/L ND ND ND ND ND ND ND

Cypermethrin CRG 0.004 0.05 ug/L ND ND ND ND ND ND ND
Esfenvalerate CRG 0.002 0.02 ug/L ND ND ND ND ND ND ND
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L ND ND ND ND ND ND ND
Permethrin CRG 0.009 0.02 ug/L ND ND ND ND ND ND ND
Aldicarb APPL 3 0.2 0.4 ug/L ND ND ND ND ND ND ND
Carbaryl APPL 2.53 0.05 0.07 ug/L ND ND ND ND ND ND ND

Carbofuran APPL 0.5 0.05 0.07 ug/L ND ND ND ND ND ND ND
Diuron APPL 2 0.2 0.4 ug/L ND ND ND ND ND ND ND
Linuron APPL 1.4 0.2 0.4 ug/L ND ND ND ND ND ND ND

Methiocarb APPL 5 0.2 0.4 ug/L ND ND ND ND ND ND ND
Methomyl APPL 0.52 0.05 0.07 ug/L ND ND ND ND ND ND ND
Oxamyl APPL 50 0.2 0.4 ug/L ND ND ND ND ND ND ND

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L ND ND ND ND ND ND ND

Constituent Field/Lab WQTL MDL PQL Units Jan.'06 Feb.'06 March'06 April '06 May '06 June '06 July '06 Aug.'06 Sept.'06 Oct.'06 Nov.'06 Dec.'06 Jan 08 Feb 08 03/05/08 April 08 May 08 June 08 07/09/08 Aug 08 Sept 08 Oct 08 Nov 08 Dec 08 Jan 09 Feb 09 March 09 Apr 09 05/11/09 June 09 07/21/09 08/26/09 Sept 09 10/22/09 Nov 09 Dec 09
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND ND ND ND ND ND ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L 0.014 ND ND ND 0.031 0.022 ND
Demeton-S APPL 0.01 0.1 ug/L ND ND ND ND ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND ND ND ND ND ND ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND ND ND ND ND
Dimethoate APPL  0.08 0.1 ug/L ND ND ND ND ND ND ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND ND ND ND ND ND ND
Malathion APPL 0.1 0.05 0.1 ug/L ND ND ND ND ND ND ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND ND ND ND ND ND ND
Molinate FGL 13 0.13 0.5 ug/L ND ND ND ND ND ND ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND ND ND ND ND ND ND
Phorate APPL 0.7 0.072 0.1 ug/L ND ND ND ND ND ND ND
Phosmet APPL 140 0.06 0.2 ug/L ND ND ND ND ND ND ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND ND ND ND ND 0.121 ND
Glyphosate FGL 700 4 5 ug/L ND ND ND ND ND ND ND

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L ND ND ND ND ND ND ND
Trifluralin APPL 5 0.036 0.05 ug/L ND ND ND ND ND

TSS FGL na 10 mg/L 0 10 19.7 9 2.4
TOC FGL 0.13 0.5 mg/L 1.9 1.5 1.7 2.3 2.22 2.02 1.2

E. coli FGL 235 1.1 MPN 190 30 2 3 45 10 2
Fecal Coliform FGL 400 1.1 MPN 1700 50 2 130 500 80 28

Toxicity, minnow ABC 96h 85 100 100 90(5) 85(5) 100 100
Toxicity, water flea ABC 48h 100 100 95(5) 100 80(5) 75(5) 100

Toxicity, algae ABC 48h 100 100 100 100 100 100 100
Sediment Results 10d 100 32.5 95(5) 100

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control
{6}  Significant Effect

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results

Sample Month and Results

Sample Month and Results



558DCR120 - Deer Creek at Road 120

Constituent Field/Lab WQTL MDL PQL Units

Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cel
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cel
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cel
{5}  No significant difference from control
{6}  Significant Effect

Jan 10 Feb 10 03/11/10 04/21/10 05/18/10 Jun 10 07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11 Jan '12 Feb '12 March'12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Oct'12 Nov.'12 Dec.'12
Pockets 

of Water 20 120 75 20 35 50 40 85 95 120 95 85 65 0 0 0 0 0 5 0 0 0 0 0
198.4 58.4 50.4 24.3 23.8 130.1 53.7 147.7 138.2 64 42.1 18.61 20.77 23.6 22.2 216.9
198.4 58.4 50.4 24.3 23.8

8.7 7.4 7.48 7.14 8.14 8.01 9 8.8 8.72 7.48 7.75 7.51 7.3 7.11 7.08 8.35
8.7 7.4 7.48 7.14 8.13

16.6 18.9 18.5 25.5 29.5 11.9 15.4 23.8 20.2 15.2 22.5 21.7 22.6 23.5 21.7 21
16.6 18.9 18.5 25.5 29.5

10.39 7.7 9.46 7.81 8.24 10.2 10.42 8.58 10.07 9.38 8.26 8.44 8.21 7.85 7.73 7.86
10.39 7.7 9.46 7.81 8.24

150 29 57.6 20.7 21.7 146 33.1 113 113 57 46 25.9 19.4 30.7 24.7 160
4.1 3.68 5.27 4.45 1.93 25.6 6.49 10.2 9.96 8.18 9.61 2.85 1.47 1.2 1.17 5.36
ND ND ND ND ND 1.1 ND 0.4 0.3 0.05 0.04 ND 0.05 0.05 0.07 0.2

0.04 0.0758 0.0368 0.0245 0.0101 0.142 0.0672 0.132 0.158 0.0895 0.101 0.164 0.0256 0.0192 ND 0.0776
ND ND 0.068 ND ND ND 0.049 0.065 ND 0.16 0.049 ND ND ND ND ND
ND ND ND ND ND ND 0.011 0.016 ND 0.0013 0.0013 ND ND ND ND ND
ND 0.306 0.257 ND 0.692 0.13 ND ND 0.121 0.453 ND 0.18 0.616 0.519 0.887 0.768

Turbid - 
Pale 

Brown

Clear-
Greenish 

Tan

Clear - 
Greenish 

Brown
Fairly 
Clear

Greenish 
to Clear 150 13 30 65 14 15 13 12 9 10 60

ND 43.5 0.0114 0.037 ND 0.282 0.035 0.0745 0.105 0.0502 0.033 ND ND ND ND 0.0121
2 1.68 1.55 0.965 1.16

ND 25.8 18.9 ND 9.06
ND 0.147 0.032 ND 0.028

6 6.45 5.71 26.2 4
0.4 0.697 0.604 0.46 0.608

1 ND 0.841 3.55 0.418
ND ND ND ND ND
ND 15.6 5.8 5.3 12.4

6 1.41 1.07 ND 0.898

Jan 10 Feb 10 Mar 10 04/21/10 05/18/10 Jun 10 07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11 Jan '12 Feb '12 March'12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Oct'12 Nov.'12 Dec.'12
ND ND ND ND ND

66.4 15.7 13.7 7.53 6.56 68.7 24.5 51.5 52.2 22.5 15 6.24 8.9 8.02 7.9 77.1
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND
ND
ND
0.9

ND
ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND

Jan 10 Feb 10 Mar 10 04/21/10 05/18/10 Jun 10 07/14/10 08/17/10 09/22/10 Oct 10 11/29/10 Dec 10 01/19/11 02/14/11 03/15/11 04/14/11 05/18/11 06/15/11 07/17/11 08/17/11 09/15/11 10/18/11 Nov '11 Dec '11 Jan '12 Feb '12 March'12 4/18/12 May '12 June '12 July '12 Aug.'12 Sept.'12 Oct'12 Nov.'12 Dec.'12
ND ND ND ND ND

0.079 0.008 ND 0.013 ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND
ND ND 2.57 ND ND

ND ND ND ND ND
ND ND ND ND ND

4 5.67 6.4 4.56 2.1 23.7 9.1 7.45 12.4 11.2 14 6.21 3.55 2.02 1.85 4.6
9.9 3.02 2.66 0.789 1.87 5.71 2.85 4.37 4.13 2.83 2.39 1.89 1.35 1.94 1.21 7.99
76 344 140 126 8.6 30 23 80 23 290.9 500 62 7.4 230 230 50.4
30 500 230 80 80 90.7 21.3 56.3 132 300 261.3 23 8 14.8 44.1 50

100 100 100 100 100 100 100 100 100 100 95(5) 100 65(6) 100 100 100
100 95(5) 100 100 95(5) 100 100 100 100 100 100 100 95(5) 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

12.5(6) 92.5
0.32

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results

Sample Month and Results



558DCR120 - Deer Creek at Road 120

Constituent Field/Lab WQTL MDL PQL Units

Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L

Color Field 1 APHA
Phosphorus FGL 8.1 50 ug/L

Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat
N Coast-

FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cel
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cel
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cel
{5}  No significant difference from control
{6}  Significant Effect

Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13

0 0 0 0 0 0 0 120 0 0 0 0 150 5/11/2009
35 216.9 4/18/2012
35 198.4 3/11/2010

7.38 9 2/14/2011
7.38 8.7 3/11/2010
26.8 32.2 7/9/2008
26.8 29.5 8/17/2010
7.17 10.42 2/14/2011
7.17 10.39 3/11/2010
35.8 160 4/18/2012
6.48 25.6 1/19/2011
ND 1.1 1/19/2011

0.0207 0.164 7/17/2011
ND 0.16 5/18/2011
ND 0.016 3/15/2011

0.531 1.65 7/21/2009

150 1/19/2011
0.01 43.5 4/21/2010
1.44 2 3/11/2010
15.7 25.8 4/21/2010
ND 0.147 4/21/2010

9.58 26.2 7/14/2010
0.52 0.697 4/21/2010

0.847 3.55 7/14/2010
0.154 0.154 Aug‐13
7.21 15.6 4/21/2010
1.23 6 3/11/2010

Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13
0

12.8 77.1 4/18/2012
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0.9 Mar‐10
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

Jan '13 Feb '13 March '13 April '13 May '13 June '13 July '13 Aug '13 9/5/13 Oct '13 Nov '13 Dec '13
ND 0
ND 0.079 Mar‐10
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0
ND 0

0
ND 0
ND 0
ND 0

0.121 7/21/2009
ND 2.57 5/18/2010

ND 0
ND 0

8 23.7 1/19/2011
4.29 9.9 Mar‐10
21.1 500 5/18/2011
500 1700 Aug‐06
95 100 Sep‐06

100 100 Aug‐06
100 100 Aug‐06

100 Aug‐06
0.32 9/22/2010

0

Maximum 
Sample Result

Date of Max 
Sample

Sample Month and Results

Sample Month and Results

Sample Month and Results



TULE BASIN WATER QUALITY COALITION   SURFACE WATER MONITORING PLAN 

 
 

 

 

White River 



White River at Road 208

Constituent Field/Lab WQTL MDL PQL Units Jan'06 Feb'06 Mar'06 04/12/06 May'06 June'06 July'06 Aug'06 Sept'06 Oct'06 Nov'06 Dec'06 Jan'07 Feb'07 Mar'07 Apr'07 May'07 June'07 July'07 Aug'07 Sept'07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 Mar'08 Apr'08 May'08 June'08 July'08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08 Jan'09
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH 9.32

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius 22

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L 10.4

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L 210

Turbidity FGL 0.035 0.1 NTU 6
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L ND

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L ND

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L
Color Field 1 APHA 15

Phosphorus FGL 8.1 50 ug/L ND
Arsenic FGL 10 0.09 0.2 ug/L ND
Boron FGL 700 5 10 ug/L ND

Cadmium FGL 5 0.02 0.2 ug/L ND
Copper FGL 1300 0.13 0.5 ug/L ND
Lead FGL 15 0.11 0.2 ug/L ND

Nickel FGL 100 0.16 0.5 ug/L ND
Selenium FGL 50 0.1 1 ug/L ND

Zinc FGL 2.3 20 ug/L ND
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units Jan'06 Feb'06 Mar'06 04/12/06 May'06 June'06 July'06 Aug'06 Sept'06 Oct'06 Nov'06 Dec'06 Jan'07 Feb'07 Mar'07 Apr'07 May'07 June'07 July'07 Aug'07 Sept'07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 Mar'08 Apr'08 May'08 June'08 July'08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08 Jan'09
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L 88.7
Atrazine FGL 1 0.07 0.5 ug/L ND

Cyanazine FGL 1 0.09 0.5 ug/L ND
Simazine FGL 4 0.08 0.5 ug/L ND

Methamidophos APPL 0.35 0.01 0.2 ug/L ND
DDE CRG/FGL 0.00059 0.004 0.01 ug/L ND
DDT CRG/FGL 0.00059 0.007 0.01 ug/L ND
DDD CRG/FGL 0.00083 0.003 0.01 ug/L ND

Dicofol APPL/FGL 0.01 0.1 ug/L ND
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L ND
Endrin CRG/FGL 0.76 0.007 0.01 ug/L ND

Bifenthrin CRG 0.006 0.02 ug/L 0.005
Cyfluthrin CRG 0.003 0.03 ug/L 0.005

Cypermethrin CRG 0.004 0.05 ug/L 0.005
Esfenvalerate CRG 0.002 0.02 ug/L 0.005
Fenpropthrin 0.006 0.02 ug/L 0.01

Lamba cyhalothrin CRG 0.02 0.02 ug/L 0.01
Permethrin CRG 0.009 0.02 ug/L 0.005
Aldicarb APPL 3 0.2 0.4 ug/L 0.766
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L 0.849
Diuron APPL 2 0.2 0.4 ug/L 1.46
Linuron APPL 1.4 0.2 0.4 ug/L 1.8

Methiocarb APPL 5 0.2 0.4 ug/L 0.885
Methomyl APPL 0.52 0.05 0.07 ug/L 0.944
Oxamyl APPL 50 0.2 0.4 ug/L 1.45

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units Jan'06 Feb'06 Mar'06 04/12/06 May'06 June'06 July'06 Aug'06 Setp'06 Oct'06 Nov'06 Dec'06 Jan'07 Feb'07 Mar'07 Apr'07 May'07 June'07 July'07 Aug'07 Sept'07 Oct'07 Nov'07 Dec'07 Jan'08 Feb'08 Mar'08 Apr'08 May'08 June'08 July'08 Aug'08 Sept'08 Oct'08 Nov'08 Dec'08 Jan'09
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L ND
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L 1.96
Demeton-S APPL 0.01 0.1 ug/L ND
Diazinon APPL 0.1 0.004 0.02 ug/L ND

Dichlorvos APPL 0.085 0.02 0.1 ug/L ND
Dimethoate APPL  0.08 0.1 ug/L ND
Disulfoton APPL 0.05 0.02 0.1 ug/L ND
Malathion APPL 0.1 0.05 0.1 ug/L ND

Methidathion APPL 0.7 0.04 0.1 ug/L ND
Molinate FGL 13 0.13 0.5 ug/L ND

Parathion, methyl APPL 0.08 0.075 0.1 ug/L ND
Phorate APPL 0.7 0.072 0.1 ug/L ND
Phosmet APPL 140 0.06 0.2 ug/L ND

Thiobencarb FGL 3.1 0.06 0.5 ug/L ND
Glyphosate FGL 700 4 5 ug/L ND

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L ND
Trifluralin APPL 5 0.036 0.05 ug/L ND

TSS FGL na 10 mg/L ND
TOC FGL 0.13 0.5 mg/L 8.9

E. coli FGL 235 1.1 MPN ND
Fecal Coliform FGL 400 1.1 MPN ND

Toxicity, minnow ABC 96h ND
Toxicity, water flea ABC 48h ND

Toxicity, algae ABC 48h ND
Sediment Results 10d ND

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176 million cells/ml actual, 0.200 million cells/ml required)
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170 million cells/ml actual, 0.200 million cells/ml required)
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142 million cells/ml actual, 0.200 million cells/ml required)
{5}  No significant difference from control
{6}  Significant Effect

Sample Month and Results Sample Month and Results Sample Month and Results

Sample Month and Results Sample Month and Results Sample Month and Results

Sample Month and Results Sample Month and Results Sample Month and Results



White River at Road 208

Constituent Field/Lab WQTL MDL PQL Units
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L
Color Field 1 APHA

Phosphorus FGL 8.1 50 ug/L
Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142
{5}  No significant difference from control
{6}  Significant Effect

Feb'09 Mar'09 Apr'09 May'09 June'09 July'09 Aug'09 Sept'09 Oct'09 Nov'09 Dec'09 Jan'10 Feb'10 Mar'10 Apr'10 May'10 June'10 July'10 Aug'10 Sept'10 Oct'10 Nov'10 Dec'10 01/06/11 Feb'11 03/16/11 04/15/11 May'11 June'11 July'11 Aug'11 Sept'11 Oct'11 Nov'11 Dec'11 Jan'12 Feb'12

272
276

8.18 8.31 8.29
8.37

9.3 16.4 18.6
18.3

10.64 8.94
9.03 8.97

180 200 211
55.8 72.1 86.9

2.9 0.7 0.9

ND 0.69 0.143
ND 0 0.0093

50

0.32 0.341 0.334

Feb'09 Mar'09 Apr'09 May'09 June'09 July'09 Aug'09 Sept'09 Oct'09 Nov'09 Dec'09 Jan'10 Feb'10 Mar'10 Apr'10 May'10 June'10 July'10 Aug'10 Sept'10 Oct'10 Nov'10 Dec'10 01/06/11 Feb'11 03/16/11 04/15/11 May'11 June'11 July'11 Aug'11 Sept'11 Oct'11 Nov'11 Dec'11 Jan'12 Feb'12

109 105

Feb'09 Mar'09 Apr'09 May'09 June'09 July'09 Aug'09 Sept'09 Oct'09 Nov'09 Dec'09 Jan'10 Feb'10 Mar'10 Apr'10 May'10 June'10 July'10 Aug'10 Sept'10 Oct'10 Nov'10 Dec'10 01/06/11 Feb'11 03/16/11 04/15/11 May'11 June'11 July'11 Aug'11 Sept'11 Oct'11 Nov'11 Dec'11 Jan'12 Feb'12

91 73.3 75
8.7 6.3 6.2

Sample Month and Results Sample Month and Results

Sample Month and Results Sample Month and Results Sample Month and Results

Sample Month and Results

Sample Month and Results Sample Month and Results Sample Month and Results



White River at Road 208

Constituent Field/Lab WQTL MDL PQL Units
Flow Field cfs
EC Field 700 umhos/cm

EC dup FGL 700 umhos/cm
pH Field 6.5-8.3 pH

pH dup FGL 6.5-8.3 pH
Temperature Field Celsius

Temperature dup FGL Celsius
Dissolved Oxygen Field Min. 7.0 mg/L

Dissolved Oxygen dup FGL Min. 7.0 mg/L
TDS FGL 450 4.4 10 mg/L

Turbidity FGL 0.035 0.1 NTU
Nitrate + Nitrite as N FGL 10 0.01 0.2 mg/L

Orthophosphate-P FGL 0.21 0.6 mg/L
Ammonia-N FGL 1.5 0.12 0.5 mg/L

Unionized Ammonia FGL mg/L
TKN FGL 0.267 0.5 mg/L
Color Field 1 APHA

Phosphorus FGL 8.1 50 ug/L
Arsenic FGL 10 0.09 0.2 ug/L
Boron FGL 700 5 10 ug/L

Cadmium FGL 5 0.02 0.2 ug/L
Copper FGL 1300 0.13 0.5 ug/L
Lead FGL 15 0.11 0.2 ug/L

Nickel FGL 100 0.16 0.5 ug/L
Selenium FGL 50 0.1 1 ug/L

Zinc FGL 2.3 20 ug/L
Molybdenum FGL 10 0.07 0.5 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG 30 0.008 0.01 ug/L

Hardness FGL 1 1 mg/L
Atrazine FGL 1 0.07 0.5 ug/L

Cyanazine FGL 1 0.09 0.5 ug/L
Simazine FGL 4 0.08 0.5 ug/L

Methamidophos APPL 0.35 0.01 0.2 ug/L
DDE CRG/FGL 0.00059 0.004 0.01 ug/L
DDT CRG/FGL 0.00059 0.007 0.01 ug/L
DDD CRG/FGL 0.00083 0.003 0.01 ug/L

Dicofol APPL/FGL 0.01 0.1 ug/L
Dieldrin CRG/FGL 0.00014 0.005 0.01 ug/L
Endrin CRG/FGL 0.76 0.007 0.01 ug/L

Bifenthrin CRG 0.006 0.02 ug/L
Cyfluthrin CRG 0.003 0.03 ug/L

Cypermethrin CRG 0.004 0.05 ug/L
Esfenvalerate CRG 0.002 0.02 ug/L
Fenpropthrin 0.006 0.02 ug/L

Lamba cyhalothrin CRG 0.02 0.02 ug/L
Permethrin CRG 0.009 0.02 ug/L
Aldicarb APPL 3 0.2 0.4 ug/L
Carbaryl APPL 2.53 0.05 0.07 ug/L

Carbofuran APPL 0.5 0.05 0.07 ug/L
Diuron APPL 2 0.2 0.4 ug/L
Linuron APPL 1.4 0.2 0.4 ug/L

Methiocarb APPL 5 0.2 0.4 ug/L
Methomyl APPL 0.52 0.05 0.07 ug/L
Oxamyl APPL 50 0.2 0.4 ug/L

Azinphosmethyl APPL 0.01 0.02 0.1 ug/L

Constituent Field/Lab WQTL MDL PQL Units
Methoxychlor CRG/FGL 30 0.008 0.01 ug/L
Chlorpyrifos APPL 0.015 0.003 0.02 ug/L
Demeton-S APPL 0.01 0.1 ug/L
Diazinon APPL 0.1 0.004 0.02 ug/L

Dichlorvos APPL 0.085 0.02 0.1 ug/L
Dimethoate APPL  0.08 0.1 ug/L
Disulfoton APPL 0.05 0.02 0.1 ug/L
Malathion APPL 0.1 0.05 0.1 ug/L

Methidathion APPL 0.7 0.04 0.1 ug/L
Molinate FGL 13 0.13 0.5 ug/L

Parathion, methyl APPL 0.08 0.075 0.1 ug/L
Phorate APPL 0.7 0.072 0.1 ug/L
Phosmet APPL 140 0.06 0.2 ug/L

Thiobencarb FGL 3.1 0.06 0.5 ug/L
Glyphosate FGL 700 4 5 ug/L

Paraquat N Coast-FGL 3.2 0.21 0.4 ug/L
Trifluralin APPL 5 0.036 0.05 ug/L

TSS FGL na 10 mg/L
TOC FGL 0.13 0.5 mg/L

E. coli FGL 235 1.1 MPN
Fecal Coliform FGL 400 1.1 MPN

Toxicity, minnow ABC 96h
Toxicity, water flea ABC 48h

Toxicity, algae ABC 48h
Sediment Results 10d

Test Result
Control Result

Minnow and Water flea results as percent survival, Algae as percent growth
{1}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.176
{2}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.170
{3}  TIE study conducted 
{4}  Test failed to meet EPA Acceptability Criteria (insufficient growth in control, 0.142
{5}  No significant difference from control
{6}  Significant Effect
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0

272 4/15/2011
276 4/15/2011

8.25 9.32 4/12/2006
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0.0093 4/15/2011
50 3/16/2011
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0
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0
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APPENDIX C:  MONITORING STATION PHOTOGRAPHS 
  



010_Plano Monitoring Sta_Upstream_2  20140730     14   25
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Porter Slough at Road 192, July 2014  20140715     09   01

PORTER 
SLOUGH AT 
ROAD 192 

MONITORING 
STATION



Tule River at Road 144, July 2014  20140715     08   29

TULE RIVER AT ROAD 
144 MONITORING 

STATION



Tule River at Road 92, July 2014  20140715     15   46

TULE RIVER AT 
ROAD 92 

MONITORING 
STATION



Deer Creek at Road 248, July 2014  20140715     12   39

DEER CREEK AT ROAD 
248 MONITORING 

STATION



Deer Creek at Road 176, July 2014  20140715     13   06

DEER CREEK AT 
ROAD 176 

MONITORING 
STATION



Deer Creek at Road 120, July 2014  20140715     14   28

DEER CREEK AT ROAD 
120 MONITORING 

STATION



White River at Road 208, July 2014  20140715     13   26

WHITE RIVER AT ROAD 
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APPENDIX D:  TULE BASIN WATER QUALITY COALITION 
MONITORING PARAMETERS 

  



Measured Paramenter Matrix Numeric Threshold or Trigger 
Limit Units

Estimated Flow (cfs)1 Water 1 cfs

Photo Documentation1 Site 

Conductivity (us/cm)1 Water 450 us/cm

Temperature (degrees Celcius)1 Water

pH1 Water 6.5 - 8.3
Dissolved Oxygen (mg/L)1 Water 7 mg/L

E. Coli1 Water 235 MPN/100 ml
Total Organic Carbon (TOC)1

Water NA

Hardness (as CaCO3)
1 Water NA

Total Suspended Solids (TSS)1 Water NA
Turbidity1

Water varies

Arsenic (total) Water 10 ug/L

Boron (total) Water 1000 ug/L

Cadmium (total and dissolved)** Water 5 ug/L

Copper (total and dissolved)** Water 1000 ug/L

Lead (total and dissolved)** Water 15 ug/L

Molybdenum (total) Water 10 ug/L

Nickel (total and dissolved)** Water 100 ug/L

Selenium (total) Water 50 ug/L

Zinc (total and dissolved)** Water 5000 ug/L

Total Ammonia (as N)1 Water varies ug/L

Unionized Ammonia (calculated value)1 Water varies ug/L

Nitrogen, Nitrate + Nitrite1 Water 10 mg/L

Soluble Orthophosphate Water NA

Methoxychlor Water 0.03 ug/L

Atrazine Water 1 ug/L

Cyanazine Water 1 ug/L

Simazine Water 4 ug/L

Methamidophos Water 0.35 ug/L

DDE Water 0.00059 ug/L

DDT Water 0.00059 ug/L

DDD Water 0.00083 ug/L

Dicofol Water NA ug/L

Dieldrin Water 0.00014 ug/L

Endrin Water 0.036 ug/L

Bifenthrin Water NA ug/L

Cyfluthrin Water NA ug/L

Cypermethrin Water NA ug/L

Esfenvalerate Water NA ug/L

Fenpropthrin Water NA ug/L

Lamba cyhalothrin Water NA ug/L

Permethrin Water NA ug/L

Aldicarb Water 3 ug/L

Carbaryl Water 2.53 ug/L

Carbofuran Water 0.5 ug/L

Diuron Water 2 ug/L

Linuron Water 1.4 ug/L

Methiocarb Water 0.5 ug/L

TBWQC MONITORING PARAMETERS

Pesticides

Field Measurements

Nutrients

Metals

General Phys.

Drinking Water



Methomyl Water 0.52 ug/L

Oxamyl Water 50 ug/L

Azinphosmethyl Water 0.01 ug/L

Chlorpyrifos Water 0.015 ug/L

Demeton-S Water NA ug/L

Diazinon Water 0.1 ug/L

Dichlorvos Water 0.085 ug/L

Dimethoate Water 1 ug/L

Disulfoton Water 0.05 ug/L

Malathion Water 0.1 ug/L

Methidathion Water 0.7 ug/L

Molinate Water 13 ug/L

Parathion, methyl Water 0.08 ug/L

Phorate Water 0.7 ug/L

Phosmet Water 140 ug/L

Thiobencarb Water 3.1 ug/L

Glyphosate Water 700 ug/L

Paraquat Water 3.2 ug/L

Trifluralin Water 5 ug/L

Ceriodaphnia dubia (water flea)1 Water

Pimephales promelas (fathead minnow)1 Water

Selenastrum capricornutun (green algae)1 Water 50% or greater reduction in growth 
in ambient sample

Toxicity Identification Evaluation (TIE) Water
Within 48 hours of a water toxicity 
exceedance, perform Phase 1 TIE 

analysis

Sediment Toxicity Hyalella azteca Sediment < 80% organism survivial compared 
to control

Bifenthrin Sediment
Cyfluthrin Sediment

Cypemethrin Sediment
Deltamethrin Sediment

Esfenvalerate/Fenvalerate Sediment
Fenpropathrin Sediment

Lamba cyhalothrin Sediment
Permethrin Sediment

Piperonyl butoxide (PBO) Sediment
Chlorpyrifos Sediment

Total Organic Carbon Sediment
Grain Size Sediment

** - Hardness samples shall be collected when sampling for these metals

Pesticides

* - For sediment samples measuring significant toxicity and < 80% organism survival compared to the control, the sediment pesticide analysis 
will be performed.

Water Toxicity

50% or greater difference mortality 
from ambient sample

1 - Core Monitoring parameter.  The first year of Core monitoring must also include any parameter that exceeded a water quality objective 
during previous assessment period.

Pesticides and Sediment 
Parameters*
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APPENDIX E:  TULARE COUNTY PESTICIDE USE DATA 
 
 



Product Name Area Treated Units
ROUNDUP POWERMAX HERBICIDE 349,831 ACRES

PHT LATRON B-1956 139,257.8 ACRES
PRO 90 136,671.9 ACRES

DELEGATE WG 120,993.0 ACRES
MICROTHIOL DISPERSS 91,695.6 ACRES

ALCO CITRUS FIX 80,670.1 ACRES
SHARK EW 77,150.6 ACRES
GOAL 2XL 71,866.6 ACRES

DUSTING SULFUR 68,687.0 ACRES
PRO AMS PLUS 68,341.6 ACRES

LORSBAN ADVANCED 66,953.0 ACRES
DUPONT EXPRESS HERBICIDE (WITH TOTALSOL SOLUBLE GRANULES) 66,887.2 ACRES

HOOK 65,185.0 ACRES
INTREPID 2F 62,824.6 ACRES

38-F DRIFT RETARDANT ADDITIVE 61,160.7 ACRES
SCANNER 60,905.2 ACRES

BASIC COPPER 53 55,166.8 ACRES
EXIT 51,106.5 ACRES

MOVENTO 50,034.5 ACRES
ZEAL(R) MITICIDE(1) 46,946.3 ACRES

VINTRE 45,817.0 ACRES
DUPONT ALTACOR (CA) 45,741.2 ACRES

WESTERN LIME - HIGH CALCIUM HYDRATED LIME 45,647.0 ACRES
AXIAL XL HERBICIDE 43,130.7 ACRES

CHOICE WEATHER MASTE 41,231.5 ACRES
TREEVIX POWERED BY KIXOR HERBICIDE 38,712.7 ACRES

EPI-MEK 0.15 EC 38,398.9 ACRES
KUMULUS DF 35,796.6 ACRES

DUPONT ALTACOR INSECT CONTROL 35,714.8 ACRES
PHT 415 SUPREME SPRA 35,074.7 ACRES

BOND MAX 35,045.0 ACRES
ABBA 0.15 EC 35,007.3 ACRES
COP-O-ZINC 34,317.3 ACRES
OROCIT - CA 33,983.7 ACRES

ALION HERBICIDE 33,599.3 ACRES
ET HERBICIDE/DEFOLIANT 32,880.4 ACRES

VULCAN 31,360.3 ACRES
HONCHO PLUS HERBICIDE 30,600.7 ACRES

ONAGER MITICIDE 30,593.0 ACRES
PROWL(R) H2O HERBICI 30,556.2 ACRES

RALLY 40 WSP 30,149.4 ACRES
LATRON B-1956 29,906.0 ACRES

OROCIT-CA 29,778.9 ACRES
VANGARD WG 29,470.8 ACRES

GLY STAR PLUS 28,764.6 ACRES
TREEVIX(TM) HERBICID 28,620.2 ACRES
PROWL H2O HERBICIDE 28,324.6 ACRES

ONAGER 28,093.3 ACRES
GLY STAR ORIGINAL 27,219.3 ACRES

FLINT FUNGICIDE 27,049.6 ACRES
ALECTO 41S 26,661.3 ACRES

PRISTINE(R) FUNGICID 26,558.2 ACRES
NUFARM RHOMENE MCPA BROADLEAF HERBICIDE 26,435.2 ACRES

PARAZONE 3SL 26,252.7 ACRES
TRIPLELINE FOAM-AWAY 26,214.5 ACRES

GRAMOXONE SL 2.0 26,132.6 ACRES
NO FOAM B 25,513.3 ACRES

PENETRATOR 25,500.3 ACRES
LOCK-ON INSECTICIDE 25,171.1 ACRES

DUPONT KOCIDE 3000 F 25,119.3 ACRES
PROGIBB(R) 4% PLANT 24,899.7 ACRES

ZEAL MITICIDE(1) 24,834.2 ACRES
BRITZ B-85 24,596.2 ACRES

HIGH CALCIUM HYDRATE 24,345.5 ACRES
CHEMSTAR HIGH CALCIU 23,659.1 ACRES

ACTARA 23,279.3 ACRES
PHT ENTRY 22,993.2 ACRES

PHT WATER-GUARD RT 22,654.9 ACRES
QUINTEC 22,432.6 ACRES

CHATEAU HERBICIDE SW 21,644.8 ACRES
SPECIAL ELECTRIC 21,452.5 ACRES

PRO-GIBB 4% PLANT GROWTH REGULATOR SOLUTION 21,314.9 ACRES
BAYTHROID XL 20,684.3 ACRES

PHT 415 SUPREME SPRAY OIL 20,315.1 ACRES
MIST-CONTROL (REVISED FORMULA) 20,041.3 ACRES

2013 Pesticide Application - Tule Basin Water Quality Coalition
(Pesticide Use reported on areas more than 1,000 acres)



Product Name Area Treated Units
PHT B-85 19,942.4 ACRES

PRO SILICONE 100 19,873.4 ACRES
MILLER NU FILM P 19,857.5 ACRES

WIL-DRY 19,793.0 ACRES
PROGIBB(R) 40% WATER 19,587.7 ACRES

IAP DUSTING SULFUR 19,540.1 ACRES
DUPONT MATRIX SG HER 19,399.4 ACRES

VENUE 19,380.9 ACRES
DUPONT MATRIX (CA) H 19,293.2 ACRES

FALGRO 4L 19,040.0 ACRES
PRISTINE FUNGICIDE 18,968.4 ACRES

VITICURE 18,735.8 ACRES
DUPONT ASANA XL INSE 18,633.1 ACRES

SULFUR DF 18,500.9 ACRES
GRAMOXONE INTEON 18,465.8 ACRES

BIFENTURE EC 18,389.1 ACRES
DUPONT MATRIX SG HERBICIDE 18,121.2 ACRES

COSAVET DF 17,826.0 ACRES
BFR LATRON B-1956 17,638.9 ACRES

ACTIVATOR 90 17,392.6 ACRES
PARADIGM 17,386.8 ACRES

ADMIRE PRO SYSTEMIC 17,234.8 ACRES
CHATEAU(R) HERBICIDE 17,146.1 ACRES

38-F 17,102.3 ACRES
HONCHO PLUS HERBICID 17,088.2 ACRES

DUPONT KOCIDE 3000 FUNGICIDE/BACTERICIDE 16,779.7 ACRES
CLARITY(R) HERBICIDE 16,747.8 ACRES

ESTEEM 0.86 EC INSECT GROWTH REGULATOR 16,350.2 ACRES
NEW CENTURY EXTEND-97 16,283.5 ACRES

SPRAY OIL 415 16,077.4 ACRES
COPPER SULFATE CRYST 15,934.0 ACRES

BELT SC INSECTICIDE 15,701.1 ACRES
FUJIMITE 5EC 15,441.9 ACRES

SPECIAL ELECTRIC REFINED SUPER-ADHESIVE DUSTING  SULFUR 15,185.0 ACRES
MUSTANG INSECTICIDE 14,858.6 ACRES

GRAMOXONE SL 14,508.8 ACRES
SUCCESS 14,485.0 ACRES

S-K-H ORGANIC ADHESIVE ADJUVANT 14,419.3 ACRES
ZIRAM 76DF 14,196.6 ACRES

WIDESPREAD MAX 14,034.8 ACRES
GIBGRO 4LS 13,784.8 ACRES

ESTEEM(R) 0.86 EC IN 13,763.5 ACRES
PROKIL CRYOLITE 96 13,743.1 ACRES
TOMBSTONE HELIOS 13,610.1 ACRES

FIRST CHOICE NARROW 13,533.5 ACRES
S-K-H ORGANIC ADHESI 13,316.2 ACRES

EPI-MEK 0.15 EC MITICIDE/INSECTICIDE 13,299.0 ACRES
VENUE HERBICIDE 13,283.4 ACRES

WARHAWK 13,281.5 ACRES
DANITOL(R) 2.4 EC SP 13,254.2 ACRES
DIPEL(R) DF (CA & NY 13,222.2 ACRES

ACTARA (CA & NY) 13,214.8 ACRES
LI 700 13,120.2 ACRES

MONTEREY M.S.O. 12,721.5 ACRES
MONTANA 2F INSECTICI 12,717.3 ACRES

DU PONT ASANA XL INSECTICIDE 12,609.8 ACRES
BUFFER X-TRA 12,590.7 ACRES

BWC SPREADER 90 12,566.7 ACRES
AGRI-DEX 12,410.0 ACRES

DYNE-AMIC 11,984.4 ACRES
PHT PIERCE 11,895.9 ACRES

TILT (CA) 11,763.5 ACRES
FUJIMITE 5 EC 11,711.2 ACRES
MICRO SULF 11,601.1 ACRES

GROUNDED-CA 11,426.0 ACRES
DANITOL 2.4 EC SPRAY 11,316.2 ACRES

SILENCER 11,264.4 ACRES
BRITZ 415 SUPREME SPRAY OIL 11,238.9 ACRES

IAP SUMMER 415 SPRAY OIL 11,178.6 ACRES
QUASH(R) FUNGICIDE 11,142.9 ACRES

SURFLAN AS AG 10,943.9 ACRES
LATRON B-1956 SPREADER STICKER 10,906.6 ACRES

PHT 10-12-0 ZN 10,895.9 ACRES
IAP SUMMER 415 SPRAY 10,891.6 ACRES

MONTEREY NUTRIENT BUFFER 10-12-0 ZNP 10,885.9 ACRES
TILT 10,797.2 ACRES

WEATHER GARD COMPLET 10,749.1 ACRES
ABACUS 10,742.0 ACRES



Product Name Area Treated Units
COHERE (CA) 10,675.5 ACRES

DUPONT ALTACOR INSEC 10,669.6 ACRES
CLARITY HERBICIDE 10,510.4 ACRES
QUASH FUNGICIDE 10,447.0 ACRES

IAP ORGANIC SUMMER 415 SPRAY OIL 10,275.5 ACRES
ROVRAL BRAND 4 FLOWA 10,252.2 ACRES

TOMBSTONE 10,207.0 ACRES
ASSAIL 70 WP 10,186.0 ACRES

MONTANA 2F INSECTICIDE 10,140.6 ACRES
PHT ESCALATE (CA) 10,036.5 ACRES

CHEMSTAR HIGH CALCIUM HYDRATED LIME 10,001.6 ACRES
CHLORPYRIFOS 4E AG 9,958.9 ACRES

UMBRELLA 9,911.0 ACRES
LAMBDA-CY EC INSECTICIDE-RUP 9,882.2 ACRES

BWC CROP OIL 9,848.3 ACRES
DIPEL DF BIOLOGICAL INSECTICIDE 9,672.8 ACRES

SOVRAN(R) FUNGICIDE 9,533.6 ACRES
ENVIDOR 2 SC MITICID 9,441.1 ACRES

TEBUCON 45 DF 9,421.6 ACRES
KALO MODIFIED VEGETABLE OIL 9,284.0 ACRES

OMNI OIL 6E 9,218.9 ACRES
MAKAZE 9,109.5 ACRES

INSPIRE SUPER 9,107.7 ACRES
PHT ESCALATE 9,072.9 ACRES

ADMIRE PRO SYSTEMIC PROTECTANT 9,072.2 ACRES
ET HERBICIDE/DEFOLIA 8,830.0 ACRES

LORSBAN-4E 8,829.5 ACRES
INDUCE (CA) 8,802.8 ACRES

ROUNDUP WEATHERMAX H 8,765.7 ACRES
RIVERDALE DRI-CLEAN HERBICIDE 8,663.2 ACRES

PROGIBB 40% WATER SOLUBLE GRANULES 8,590.3 ACRES
LEVERAGE 360 INSECTI 8,581.9 ACRES

NORDOX 75 WG 8,540.2 ACRES
PARROT DF 8,537.6 ACRES
OXYSTAR 2E 8,500.9 ACRES

LAMBDA-CY AG 8,326.6 ACRES
ASSAIL 70WP INSECTICIDE 8,315.6 ACRES

MICROTHIOL DISPERSS MICRONIZED WETTABLE SULFUR 8,204.7 ACRES
PRO-TRON 8,201.9 ACRES

MACHO 2.0 FL 8,183.0 ACRES
PH-D WATER DISPERSABLE GRANULES 8,068.0 ACRES

ASPERGILLUS FLAVUS A 8,060.6 ACRES
ETHEPHON 2 8,051.9 ACRES

MSO CONCENTRATE WITH 8,007.1 ACRES
SECURE 7,740.5 ACRES

APPLAUD 70 DF INSECT GROWTH REGULATOR 7,709.4 ACRES
CAYUSE PLUS 7,652.7 ACRES
MCP AMINE 4 7,644.5 ACRES

ABACUS AGRICULTURAL MITICIDE/INSECTICIDE 7,635.7 ACRES
DUPONT EXPRESS HERBI 7,617.3 ACRES

DELIVER BIOLOGICAL INSECTICIDE 7,447.8 ACRES
FLAT TOP MC 7,378.4 ACRES

BIFENTURE EC AGRICULTURAL INSECTICIDE 7,357.2 ACRES
APPLAUD INSECT GROWT 7,248.5 ACRES

S-K-H AGRICULTURAL ADHESIVE 7,203.4 ACRES
TOMBSTONE HELIOS INSECTICIDE 7,142.3 ACRES

SIMAZINE 90DF 7,125.2 ACRES
DRI-CLEAN 7,106.5 ACRES

WETCIT 7,019.2 ACRES
RODENT BAIT DIPHACIN 7,008.0 ACRES

STATUS HERBICIDE 6,941.0 ACRES
PHT O/S BLEND 6,882.8 ACRES

R-11(R) SPREADER-ACT 6,878.0 ACRES
PERM-UP 3.2 EC 6,873.0 ACRES

BWC SPREADER-90 6,872.5 ACRES
FANFARE ES 6,871.5 ACRES

MUSTANG 6,831.3 ACRES
PHT AD-WET 90 CA 6,816.0 ACRES

GF-120 NF NATURALYTE FRUIT FLY BAIT 6,799.9 ACRES
MICROTHIOL SPECIAL MICRONIZED WETTABLE SULFUR 6,797.3 ACRES

GINSTAR EC COTTON DEFOLIANT 6,754.2 ACRES
PHT SILGLOW 6,743.6 ACRES

REAPER 0.15 EC 6,661.0 ACRES
METTLE 125 ME 6,565.7 ACRES
415 SPRAY OIL 6,558.9 ACRES

STATUS(R) HERBICIDE 6,497.7 ACRES
ACCESS 6,468.2 ACRES

WEEVIL-CIDE TABLETS 6,417.8 ACRES



Product Name Area Treated Units
SCALA BRAND SC (CA & 6,412.3 ACRES

FIRST CHOICE NARROW RANGE 415 SPRAY OIL 6,408.3 ACRES
COMITE 6,382.6 ACRES

CSC 80% THIOSPERSE 6,365.3 ACRES
PHT SUPREME SPRAY OI 6,234.6 ACRES

MACHO 4.0 6,215.7 ACRES
415 SUPERIOR SPRAY O 6,213.8 ACRES

IAP 440 SPRAY OIL 6,169.0 ACRES
INTEGRO MAGNETIC SULFUR DUST 6,116.9 ACRES

NU-COP HB 6,102.7 ACRES
QUADRIS TOP (CA) 6,053.8 ACRES

DRI-CLEAN HERBICIDE 6,028.5 ACRES
ISOMATE-OFM TT 6,024.5 ACRES

POUNCE 1.5 G 5,953.7 ACRES
ELEVATE 50WDG 5,901.9 ACRES

LEVERAGE 360 INSECTICIDE 5,853.7 ACRES
AXIAL XL (WARNING) 5,773.7 ACRES

BRITZ INTENSIFY 5,749.0 ACRES
AGRI-MEK SC 5,738.7 ACRES

ENVIDOR 2 SC MITICIDE 5,692.7 ACRES
BRIGADE WSB INSECTICIDE/MITICIDE 5,672.5 ACRES

PRO C.O.C. 5,665.5 ACRES
GRAMOXONE SL 2.0 (CA 5,643.3 ACRES

MSO CONCENTRATE 5,641.1 ACRES
SONATA 5,548.7 ACRES

MCPA AMINE 4 5,537.2 ACRES
SURFLAN A.S. AGRICULTURAL HERBICIDE 5,519.1 ACRES

ROUNDUP WEATHERMAX HERBICIDE 5,509.4 ACRES
DUPONT FONTELIS FUNG 5,423.6 ACRES

EXTEND-97 5,324.7 ACRES
CARBINE 50WG 5,271.2 ACRES

IN-PLACE 5,260.0 ACRES
DU PONT MATRIX HERBICIDE 5,247.2 ACRES

PRO CROP OIL 5,237.5 ACRES
GALIGAN 2E 5,187.8 ACRES

CORNERSTONE PLUS 5,159.9 ACRES
IAP ORGANIC SUMMER 4 5,158.3 ACRES

DREXEL DIMETHOATE 4EC 5,115.9 ACRES
CUPROFIX ULTRA 40 DI 5,107.4 ACRES
WARRIOR II WITH ZEON 5,105.3 ACRES

DUPONT AVAUNT INSECT 5,056.6 ACRES
NUFARM RHOMENE MCPA 5,047.9 ACRES

OROBOOST 5,026.0 ACRES
FASTEN 5,014.6 ACRES

MIST-CONTROL (REVISE 5,004.9 ACRES
WILBUR-ELLIS SPRAY SULFUR 4,974.0 ACRES

PHT BUFFER 4,966.9 ACRES
MICROSULF 4,963.5 ACRES

MOVENTO (CA) 4,943.9 ACRES
TWINLINE FUNGICIDE 4,912.8 ACRES
MICROMITE 80WGS 4,873.8 ACRES
SOVRAN FUNGICIDE 4,849.0 ACRES

GEM 500 SC (CA) FUNG 4,846.2 ACRES
RECKON 280SL HERBICIDE 4,777.3 ACRES

MSO ULTRA 4,760.8 ACRES
ALTREVIN(TM) FIRE AN 4,727.1 ACRES

SURROUND WP CROP PROTECTANT 4,708.3 ACRES
KALIGREEN 4,668.0 ACRES

IMIDAN 70-W (CA & NY 4,661.0 ACRES
ACRAMITE 50WS (023/0 4,645.9 ACRES

PYGANIC CROP PROTECT 4,617.8 ACRES
WILBUR-ELLIS DUSTING SULFUR 4,616.0 ACRES

PROVINCE INSECTICIDE 4,588.2 ACRES
DELIVER 4,580.0 ACRES

CHEMINOVA DIMETHOATE 4E 4,567.0 ACRES
SEIZE(TM) 35 WP INSE 4,565.7 ACRES

NEVADO 4F 4,555.6 ACRES
ACIDIPHACTANT 4,548.5 ACRES

NU-LURE INSECT BAIT 4,522.3 ACRES
NU-COP 50 DF 4,504.4 ACRES
GOALTENDER 4,476.6 ACRES

RALLY 40W AGRICULTURAL FUNGICIDE IN WATER SOLUBLE POUCHES       (WITHDRAWN) 4,454.4 ACRES
LAMCAP 4,424.0 ACRES

PERMETHRIN 3.2EC 4,420.2 ACRES
PINDAR GT 4,413.6 ACRES

CENTAUR WDG INSECT G 4,411.5 ACRES
MAX-IT 4,376.4 ACRES

SWITCH 62.5WG 4,323.4 ACRES



Product Name Area Treated Units
BELAY(R) INSECTICIDE 4,272.0 ACRES

R-11 SPREADER-ACTIVATOR 4,253.9 ACRES
BUCCANEER GLYPHOSATE HERBICIDE 4,249.7 ACRES

BIOLINK SPREADER-STI 4,246.1 ACRES
MAXIMIZER CROP OIL CONCENTRATE 4,243.2 ACRES

QUEST (CA) 4,225.9 ACRES
PERM-UP 3.2 EC INSECTICIDE 4,223.7 ACRES

KINETIC 4,213.3 ACRES
SNIPER 4,210.0 ACRES

ORYZALIN 4 A.S. 4,208.8 ACRES
ESTEEM(R) ANT BAIT 4,190.3 ACRES

PENNCAP-M MICROENCAPSULATED INSECTICIDE 4,173.0 ACRES
ADIOS(R) 4,171.0 ACRES

DREXEL IMITATOR PLUS 4,137.9 ACRES
CARZOL SP 4,128.2 ACRES

RAPTOR HERBICIDE 4,119.9 ACRES
ALION (CA) HERBICIDE 4,050.4 ACRES

MCPA-4 AMINE 3,999.8 ACRES
MAD DOG (CA) 3,977.9 ACRES

YELLOW JACKET WETTAB 3,948.0 ACRES
GOVERN 4E INSECTICIDE 3,922.4 ACRES

NUFOS 4E 3,904.5 ACRES
DUPONT FONTELIS FUNGICIDE 3,847.0 ACRES

RED-TOP DUSTING SULFUR 3,813.9 ACRES
ENTRUST 3,802.1 ACRES

PITCH 0.86 EC 3,796.4 ACRES
ASSAIL 30SG INSECTICIDE 3,793.5 ACRES
INTEGRO MAGIC SULFUR 3,785.0 ACRES

COMITE (046/111511) 3,757.2 ACRES
BSP LIME SULFUR SOLU 3,743.8 ACRES

CLEAN CROP SPRAY OIL 415 3,703.0 ACRES
QUEST 3,697.8 ACRES

VIGILANT 4SC 3,665.4 ACRES
MAKAZE (CA) 3,631.9 ACRES

BRITZ MAGIC SULFUR DUST 3,550.5 ACRES
ACTIVATE PLUS 3,548.8 ACRES

PHT NATURAL OIL BLEND 3,520.6 ACRES
CARBINE 50WG INSECTICIDE 3,513.6 ACRES

REIGN 3,487.4 ACRES
MAGNIFY 3,485.4 ACRES

OBERON 2SC INSECTICIDE/MITICIDE 3,463.4 ACRES
SUSTAIN 3,415.9 ACRES

ENTRUST SC 3,385.3 ACRES
PRINCEP CALIBER 90 3,372.8 ACRES

LUNA EXPERIENCE (CA) 3,333.2 ACRES
GEM 500 SC FUNGICIDE 3,323.6 ACRES

BRIGADE WSB 3,314.9 ACRES
415 SUPERIOR SPRAY OIL 3,294.6 ACRES
ZIRAM 76DF FUNGICIDE 3,257.7 ACRES

MONTANA 4F INSECTICIDE 3,245.6 ACRES
WHIRLWIND 3,219.7 ACRES

RETAIN PLANT GROWTH REGULATOR SOLUBLE POWDER 3,215.0 ACRES
SONOMA 40WSP 3,192.2 ACRES

ASSAIL 30SG 3,164.7 ACRES
NEXTER MITICIDE/INSECTITIDE 3,133.3 ACRES

RNA ACTIVATOR 85 3,123.0 ACRES
DIMILIN 2L (056/0418 3,072.3 ACRES
ESTEEM ANT BAIT 3,067.8 ACRES

INTEGRO MAGIC SULFUR DUST 3,065.7 ACRES
HONCHO HERBICIDE 3,063.6 ACRES

COTTONQUIK 3,030.7 ACRES
ABOUND FLOWABLE 2,994.3 ACRES

GLY-4 HERBICIDE 2,979.5 ACRES
DIMETHOATE 4E 2,964.0 ACRES

41-A 2,950.8 ACRES
INDUCE 2,939.4 ACRES

MSO CONCENTRATE WITH LECI-TECH 2,937.9 ACRES
SURROUND WP CROP PRO 2,934.2 ACRES

AZA-DIRECT 2,918.8 ACRES
CROP OIL CONCENTRATE 2,917.9 ACRES
LAMBDA-CY EC AGRICUL 2,916.0 ACRES

SERENADE ASO 2,878.1 ACRES
PURSUIT(R) HERBICIDE 2,856.1 ACRES

TEBUSTAR 45WSP 2,850.7 ACRES
ADIOS COTTON DEFOLIANT 2,817.8 ACRES

MANZATE PRO-STICK 2,802.1 ACRES
ETHEPHON 2SL 2,786.8 ACRES

NEXTER MITICIDE/INSECTICIDE 2,773.4 ACRES



Product Name Area Treated Units
CHECKMATE OFM-SL+ 2,772.2 ACRES

CROPSMART GLYPHOSATE 41 PLUS 2,771.3 ACRES
LUNA EXPERIENCE 2,768.5 ACRES

TELONE II 2,760.9 ACRES
BRITZ SILGLOW 2,747.8 ACRES

MONTEREY BASIC COPPER SULFATE 2,747.6 ACRES
DREXEL SIMAZINE 90DF 2,746.3 ACRES

CONSTANT BUPH-ER 2,743.0 ACRES
MAXIMIZER 2,742.1 ACRES
TRI-FOL(R) 2,731.2 ACRES

DIURON 4L HERBICIDE 2,683.9 ACRES
ROVRAL 4 FLOWABLE 2,675.1 ACRES

TRAXION 2,672.5 ACRES
GF-120 NF NATURALYTE 2,671.8 ACRES

NORDOX 30/30 WG 2,668.0 ACRES
FOAM FIGHTER 2,652.4 ACRES
CLETHODIM 2E 2,642.6 ACRES
POINTBLANK 2,621.0 ACRES

TOUCHDOWN HITECH 2,620.6 ACRES
PROPICON 3.6EC 2,617.9 ACRES
YUKON (CA & NY) 2,606.1 ACRES

KARMEX DF 2,604.9 ACRES
PH-D(R) WDG 2,593.1 ACRES

CENTAUR WDG INSECT GROWTH REGULATOR 2,592.8 ACRES
GOVERN 4E 2,592.3 ACRES

ULTRA FLOURISH (CA) 2,590.8 ACRES
PRO BUPHER 2,578.3 ACRES

DUPONT CORAGEN INSECT CONTROL 2,570.7 ACRES
METAREX 4% SNAIL AND SLUG BAIT 2,565.0 ACRES

TACTIC 2,559.2 ACRES
CROSSHAIR 2,536.7 ACRES

BSP LIME SULFUR SOLUTION 2,525.8 ACRES
NEXTER 2,514.8 ACRES

IMIDAN 70-W 2,510.0 ACRES
ARROW 2 EC HERBICIDE 2,508.4 ACRES

BUMPER 41.8 EC 2,499.1 ACRES
COHERE 2,497.3 ACRES

BRITZ 415 SUPREME SP 2,494.6 ACRES
GF-120 FRUIT FLY BAIT 2,487.0 ACRES

NEVADO 4F (CA) 2,472.3 ACRES
KIMZALL PLANT GROWTH REGULATOR 2,446.2 ACRES

KIMZALL 2,442.7 ACRES
DUPONT KOCIDE 2000 F 2,434.0 ACRES

PRO-GIBB 4% LIQUID CONCENTRATE 2,413.0 ACRES
NU-COP 50DF 2,412.2 ACRES

PROPICURE 3.6F 2,411.6 ACRES
BELAY INSECTICIDE 2,403.1 ACRES

BRITZ SUPREME SPRAY OIL 2,400.0 ACRES
MEPIQUAT (CA) 2,397.5 ACRES
SERENADE MAX 2,396.5 ACRES

PENNCAP-M 2,393.7 ACRES
METAREX 4% SNAIL AND 2,373.4 ACRES

SCALA BRAND SC FUNGICIDE 2,358.0 ACRES
TEBUSTAR 45 WSP 2,354.9 ACRES
IPRODIONE 4L AG 2,349.5 ACRES

IAP ORGANIC 440 SPRAY OIL 2,333.6 ACRES
DU PONT STEWARD INSECTICIDE 2,325.0 ACRES

ROCKET DL 2,316.2 ACRES
PHT NATURAL OIL BLEN 2,295.0 ACRES

MANA ALIAS 4F 2,291.9 ACRES
ROUNDUP ORIGINAL HERBICIDE 2,291.5 ACRES

GALIGAN 2E OXYFLUORFEN HERBICIDE 2,283.7 ACRES
COTTONQUIK COTTON HARVEST AID/DEFOLIANT 2,281.9 ACRES

MEPICHLOR 4.2% LIQUI 2,277.5 ACRES
BADGE X2 2,277.2 ACRES

BWC HERBICIDE ENHANC 2,235.2 ACRES
CUTOUT COTTON DEFOLIANT 2,216.0 ACRES
IAP 415 SUMMER SPRAY OIL 2,210.7 ACRES

ETHREL BRAND ETHEPHON PLANT REGULATOR 2,209.5 ACRES
DEADLINE M-PS 2,187.4 ACRES

DUPONT MATRIX FNV HERBICIDE 2,184.5 ACRES
NORDOX 2,176.9 ACRES

PURSUIT HERBICIDE 2,165.0 ACRES
OMNI OIL 6-E 2,158.4 ACRES

WEATHER GARD COMPLETE 2,156.0 ACRES
ACRAMITE 50WS 2,145.3 ACRES

ELEVATE 50 WDG FUNGICIDE 2,134.3 ACRES
GRANDEVO 2,129.6 ACRES



Product Name Area Treated Units
ENVIDOR 2 SC (CA & P 2,117.7 ACRES

RETAIN(R) PLANT GROW 2,116.9 ACRES
PARROT 4L 2,106.0 ACRES

FUSILADE DX 2,092.1 ACRES
WARRIOR II WITH ZEON TECHNOLOGY 2,090.0 ACRES

PHT 440 SUPREME SPRA 2,082.1 ACRES
MEPIQUAT CHLORIDE 4.2% LIQUID 2,080.6 ACRES
PRINCEP CALIBER 90 HERBICIDE 2,072.3 ACRES

MICROMITE 80WGS (010 2,071.3 ACRES
NEW CENTURY DEPLOY 2,067.2 ACRES

MILLER NU FILM 17 2,056.5 ACRES
GLY-4 PLUS HERBICIDE 2,044.2 ACRES

SILWET L-77 SURFACTANT 2,036.1 ACRES
TOPSIN M WSB 2,019.2 ACRES

PENNCOZEB 75DF 2,016.5 ACRES
VULCAN (EPA 080912/R 2,002.0 ACRES

UNICORN DF 2,002.0 ACRES
MALATHION 8 AQUAMUL 1,987.3 ACRES

PHT GUIDE-IT 1,985.8 ACRES
MANZATE PRO-STICK FUNGICIDE 1,985.4 ACRES

ETHREL PLANT REGULATOR 1,984.8 ACRES
DUPONT KROVAR I DF H 1,984.7 ACRES
OMNI SUPREME SPRAY 1,980.8 ACRES

RALLY 40W AGRICULTURAL FUNGICIDE IN WATER-SOLUBLE POUCHES 1,980.1 ACRES
REX LIME SULFUR SOLU 1,978.1 ACRES

MONTEREY SUPER 7 1,975.9 ACRES
GF-120 NATURALYTE* FRUIT FLY BAIT 1,974.0 ACRES

SILWET L-77 SURFACTA 1,973.0 ACRES
DREXEL DIMETHOATE 2.67 1,966.0 ACRES

POAST(R) HERBICIDE 1,958.1 ACRES
K-27 KNAPP NONIONIC SPREADER AND STICKER FOR AGRICULTURAL SPRAYS 1,933.8 ACRES

RIDOMIL GOLD SL (CA 1,930.8 ACRES
CHAMP FORMULA 2 FLOWABLE 1,925.1 ACRES

PROTONE(R) SG PLANT 1,914.1 ACRES
SCALA BRAND SC (CA, 1,889.8 ACRES

COP-O-ZINC 25-25 1,887.3 ACRES
DREXEL CARBARYL 5% B 1,886.2 ACRES
DREXEL DIMETHOATE 4E 1,879.9 ACRES
DUPONT STEADFAST Q H 1,866.6 ACRES

LUNA SENSATION 1,864.2 ACRES
38-F DRIFT RETARDANT 1,855.0 ACRES

ROVRAL BRAND 4 FLOWABLE FUNGICIDE 1,849.3 ACRES
RAPTOR(R) HERBICIDE 1,846.0 ACRES

CLETHODIM 2EC HERBICIDE 1,836.2 ACRES
OXYFLO 2EC 1,822.7 ACRES

CHECKMATE PUFFER OFM 1,817.9 ACRES
SUPER SPREAD MSO (CA 1,810.7 ACRES

RIVERDALE MCPA-4 AMINE 1,805.0 ACRES
DURHAM METALDEHYDE GRANULES 3.5 1,803.8 ACRES

NEW CENTURY BUFFER X-TRA 1,802.4 ACRES
COURIER 40SC INSECT GROWTH REGULATOR 1,795.9 ACRES

SYL-TAC(R) 1,755.1 ACRES
LAMBDA-CY 1EC 1,752.0 ACRES
TOLEDO 45WP 1,745.8 ACRES

APOLLO SC 1,740.0 ACRES
PERMETHRIN 3.2EC (CA 1,737.0 ACRES

CLINCH 1,736.8 ACRES
ASPERGILLUS FLAVUS AF36 1,735.2 ACRES

HELENA BRAND PENETRATOR 3 1,730.4 ACRES
TRIFLUREX HFP 1,727.0 ACRES

ETHREL BRAND ETHEPHO 1,725.2 ACRES
EPI-MEK 0.15 EC MITI 1,715.7 ACRES
GOAL 2XL HERBICIDE 1,708.0 ACRES

REAPER ADVANCE 1,706.6 ACRES
CMR HERBICIDE ACTIVATOR 1,705.0 ACRES

DUSTING SULFUR 98 1,664.0 ACRES
REGALIA (CAUTION) 1,661.0 ACRES

APPLAUD INSECT GROWTH REGULATOR 1,651.9 ACRES
AMIGO 1,642.9 ACRES

PRINCEP 4L 1,628.6 ACRES
INDAR 2F 1,627.5 ACRES

AGRISOLUTIONS CORNERSTONE PLUS HERBICIDE 1,622.2 ACRES
PARITY HERBICIDE 1,616.6 ACRES

DREXEL DIURON 80 HERBICIDE 1,608.2 ACRES
LIBERATE 1,602.3 ACRES

M.A.P.CO. BRAND POLY-FOLIANT LIQUID DEFOLIANT 1,589.0 ACRES
MONTEREY NUTRIENT BU 1,587.0 ACRES
ABOUND FLOWABLE (CA 1,571.9 ACRES



Product Name Area Treated Units
SPRAY AIDE 1,569.5 ACRES

WRANGLER INSECTICIDE 1,568.0 ACRES
GLYFOS HERBICIDE 1,560.7 ACRES

LORSBAN 15G 1,558.4 ACRES
SELECT MAX(R) HERBIC 1,546.5 ACRES

AGRISOLUTIONS CORNERSTONE PLUS 1,545.8 ACRES
TOLEDO 45WP AGRICULTURAL FUNGICIDE 1,545.0 ACRES

LIBERTY 280 SL HERBICIDE 1,543.0 ACRES
MONTANA 4F 1,539.5 ACRES

VIVANDO(TM) FUNGICID 1,537.0 ACRES
BUCCANEER PLUS GLYPHOSATE HERBICIDE 1,531.0 ACRES

DUPONT LANNATE SP IN 1,530.2 ACRES
INTENSITY ONE 1,525.9 ACRES

BUMPER 41.8EC (PROPICONAZOLE) FUNGICIDE 1,519.5 ACRES
DIPHACINONE RODENT B 1,512.7 ACRES

DU PONT KROVAR I DF HERBICIDE 1,509.5 ACRES
WRANGLER 1,508.0 ACRES
KENTAN DF 1,501.0 ACRES

TOPSIN M 70WP 1,499.0 ACRES
BRITZ CITRUS SUPREME SPRAY OIL 1,484.6 ACRES

SEIZE 35 WP INSECT GROWTH REGULATOR 1,480.5 ACRES
STA-PUT PLUS 1,480.3 ACRES

MILLER NU-FILM-P 1,477.8 ACRES
ZORO MITICIDE/INSECTICIDE 1,461.1 ACRES

FIRST CHOICE GAVICID 1,460.5 ACRES
TENKOZ PERMETHRIN 3.2 EC INSECTICIDE 1,460.1 ACRES

CROPSMART GLYPHOSATE 1,458.6 ACRES
YUKON HERBICIDE 1,450.0 ACRES

DIMILIN 2L 1,440.4 ACRES
VERATRAN D 1,436.0 ACRES

PURESPRAY GREEN (CA) 1,430.6 ACRES
CMR SPREADER/STICKER 1,430.0 ACRES

STRATEGO FUNGICIDE 1,423.5 ACRES
DEGESCH PHOSTOXIN TABLETS 1,397.0 ACRES

QUADRIS TOP FUNGICIDE 1,395.5 ACRES
HARVESTPRO 1,395.0 ACRES

CARZOL SP INSECTICIDE 1,390.0 ACRES
CHECKMATE VMB-XL 1,387.0 ACRES

OBERON 2 SC INSECTIC 1,385.6 ACRES
SWEEP 1,382.9 ACRES

SLUGGER 4.0 1,382.0 ACRES
KANEMITE 15 SC MITICIDE 1,370.3 ACRES

PROTOCOL 1,370.1 ACRES
SPRAY SULFUR 1,366.0 ACRES

PHT CROP OIL CONCENTRATE CA 1,362.4 ACRES
MEP STAR 1,361.0 ACRES

BRAVO WEATHER STIK 1,357.0 ACRES
FLINT 1,354.0 ACRES

MEPICHLOR 4.2% LIQUID 1,348.4 ACRES
IAP COPPER SULFUR 15 1,346.6 ACRES

DEPLOY 1,343.6 ACRES
RECKON 280SL 1,342.2 ACRES

MOTIVATE 1,336.5 ACRES
DREXEL CHLORPYRIFOS 4E-AG 1,328.3 ACRES

EXTINGUISH PROFESSIONAL FIRE ANT BAIT 1,324.5 ACRES
MUSTANG (CA) 1,322.1 ACRES

AGRI-FLEX MITICIDE/INSECTICIDE 1,321.3 ACRES
HERBIMAX 1,316.6 ACRES

RELY 280 HERBICIDE 1,315.3 ACRES
ABOUND FLOWABLE FUNGICIDE 1,311.2 ACRES

PROGIBB(R) PLUS 2X P 1,306.0 ACRES
PLATINUM 75SG 1,300.5 ACRES

PARAQUAT CONCENTRATE 1,287.3 ACRES
ALTREVIN FIRE ANT BAIT INSECTICIDE 1,287.0 ACRES

PARALLEL HERBICIDE 1,284.0 ACRES
MCP 4 AMINE HERBICIDE 1,280.1 ACRES

BUDPRO 1,277.5 ACRES
RODENT BAIT DIPHACINONE TREATED GRAIN  0.01 1,270.5 ACRES

MON-52249 HERBICIDE 1,267.0 ACRES
ORGANIC ADHESIVE ADJUVANT 1,265.7 ACRES

JMS STYLET-OIL 1,264.0 ACRES
HELENA PENETRATOR 1,247.2 ACRES
WARRIOR INSECTICIDE 1,237.7 ACRES
CSC DUSTING SULFUR 1,235.7 ACRES

TREFLAN TR-10 1,230.9 ACRES
BUCCANEER 1,224.5 ACRES
ORTHENE 97 1,210.1 ACRES

BSP SULFORIX 1,202.5 ACRES



Product Name Area Treated Units
SPRET 1,199.5 ACRES

LEAF LIFE GAVICIDE G 1,199.2 ACRES
DUPONT VELPAR L HERB 1,195.7 ACRES

ORIUS 20AQ 1,195.0 ACRES
REAPER ADVANCE (CA) 1,183.0 ACRES

ELITE 45 WP FOLIAR FUNGICIDE IN WATER SOLUBLE PACKETS 1,180.4 ACRES
IAP 470 DORMANT SPRA 1,177.5 ACRES

PHT INTENSIFY 1,170.8 ACRES
M-PEDE 1,165.9 ACRES

DORMEX(TM) 1,158.3 ACRES
CSC COPPER SULFUR DUST 1,156.9 ACRES

ALECTO 41 HL 1,155.8 ACRES
PENNCOZEB DF 75% DRY FLOWABLE FUNGICIDE 1,151.0 ACRES

RNA TRI-AD 73 1,147.0 ACRES
STERLING BLUE 1,139.0 ACRES

CHECKMATE OFM DISPEN 1,135.2 ACRES
MALATHION 8-E INSECTICIDE 1,134.3 ACRES

OSPREY HERBICIDE 1,132.7 ACRES
FUNGI-PHITE 1,120.0 ACRES

S-FENVALOSTAR 1,101.7 ACRES
AGRI-MEK 0.15 EC MITICIDE/INSECTICIDE 1,098.0 ACRES

DIMETHOATE 400 1,097.0 ACRES
AGRI-MEK 0.15 EC 1,094.8 ACRES

ECO-MATE ARMICARB O 1,082.8 ACRES
COMITE (043/111510) 1,077.3 ACRES

DREXEL IMITATOR(R) P 1,075.1 ACRES
ARROW 2 EC (CA) 1,068.6 ACRES

DURHAM METALDEHYDE G 1,067.8 ACRES
CLUTCH 50 WDG INSECTICIDE 1 1,066.0 ACRES

N-LARGE PREMIER 1,057.1 ACRES
SUNSPRAY 6E WESTERN 1,056.0 ACRES

SEVIN 5 BAIT 1,052.6 ACRES
ROUNDUP ORIGINAL MAX HERBICIDE 1,052.4 ACRES

CUPROFIX DISPERSS 1,052.0 ACRES
NUPRID 2SC 1,050.3 ACRES

GINSTAR EC (CA) COTT 1,043.7 ACRES
GLYPHOSATE 4 PLUS 1,030.4 ACRES

ASSAIL 70 WP INSECTICIDE 1,028.7 ACRES
M.O.C. 1,028.2 ACRES

RAMIK OATS KILLS GROUND SQUIRRELS 1,027.4 ACRES
SILICONE SUPER WETTER 1,026.5 ACRES

SLUG-FEST 4.0 1,023.0 ACRES
FIRST CHOICE ULTRA PRO 1,022.8 ACRES

SOLICAM DF 1,016.7 ACRES
BRITZ COPPER SULFUR 15-25 DUST 1,016.4 ACRES

YELLOW JACKET SPECIA 1,016.0 ACRES
DIURON 80 DF HERBICIDE 1,009.0 ACRES

MAESTRO 2EC 1,000.1 ACRES
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GQMP Groundwater Quality Management Plans 

GQTM Groundwater Quality Trend Monitoring 

GQTMP Groundwater Quality Trend Monitoring Workplan 

HVAs  High Vulnerability Areas 

ILRP  Irrigated Lands Regulatory Program 

IND  Industrial 

ITRC  Cal Poly Irrigation Training and Research Center 

Ksat  Hydraulic Conductivity 

Kh horizontal hydraulic 

Kv average vertical 

MCL  Maximum Contaminant Level 

Mg/L  Milligrams Per Liter 

MPEP  Management Practices Evaluation Program 

MRP  Monitoring and Reporting Program 

MUN  Municipal 

NCSS National Cooperative Soil Survey 

NMP Nitrogen Management Plan 

NO3 Nitrate 

NRCS  Natural Resources Conservation Service 

NWIS  National Water Information System 

RWQCB  Regional Water Quality Control Board 

SAR  Sodium Absorption Ratio 

SSJV  Southern San Joaquin Valley 

SSURGO Soil Survey Geographic  

SWRCB-AEP  State Water Resources Control Board Agricultural Expert Panel 

SWRCB-DDW  State Water Resources Control Board Division of Drinking Water 

TAWG Nitrogen Technical Advisory Workgroup 

TBWQC Tule Basin Water Quality Coalition 

TDS  Total Dissolved Solids 
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Tulare Lake Basin Plan  CVRWQCB Water Quality Control Plan for the Tulare Lake Basin 

UCCE  University of California Cooperative Extension 

UCD  University of California, Davis  

USDA  United States Department of Agriculture 

USEPA  United States Environmental Protection Agency 

USGS  United States Geological Survey 

umhos/cm  micro ohms per centimeter 

VK  Vertical conductivity 

WDRs Waste Discharge Requirements 

WILD Wildlife Habitat  
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1. INTRODUCTION 
 
This Groundwater Quality Trend Monitoring Workplan (GQTMP or Workplan) - Phase 1 has been 
prepared on behalf of the Tule Basin Water Quality Coalition (TBWQC or Coalition).  The TBWQC 
serves as the third-party group for growers within the Tule Subbasin of the Tulare Lake Basin in 
conformance with the Waste Discharge Requirements of General Order R5-2013-0120 (General 
Order) and the Attachments.  The Workplan was originally submitted on January 6, 2017, one (1) 
year after the Regional Water Quality Control Board (RWQCB) conditional approval of the 
Groundwater Assessment Report (GAR). This Revised Workplan is being submitted in response 
to the RWQCB’s January 23, 2018 memorandum “Review of the Tule Basin Water Quality Coalition 
Authority Groundwater Quality Trend Monitoring Work Plan” and the RWQCB June 15, 2018 Notice 
of Non-Compliance to the TBWQC for submitting “candidate” wells in lieu of “proposed” wells. 
 
In Table 1: TBWQC GQTMP Revised Sections, sections within the Workplan that have been 
revised to address the comments from the RWQCB on the Workplan January 6, 2017 by the 
TBWQC have been identified and detailed. 
 
Table 1: TBWQC GQTMP Revisions 

 
 
 
 

Workplan Revisions 
1. Introduction 
• Updates to appropriately describe the reasoning the Revised Workplan have been addressed 

4.2.3.2     Phase 2: Field Verification of Candidate Monitoring Wells 
• The term “Proposed well” and “Complimentary well” are defined 
• Discussion on dealing with gaps in proposed wells for Trend Monitoring Network 

4.3.3     Dairy General Order Wells 
• Additional language on using dairy wells as complimentary wells 

4.4     Candidate Wells Evaluation 
• Updated proposed, complimentary, and candidate well numbers 
• Updated appendices descriptions 
5.2.1 Groundwater Quality Sampling Schedule 
• Updated sampling date to begin monitoring  
6.1.1 Annual Monitoring Report 
• Additional language was added regarding revising statistical analysis to best represent trends  
Appendices 
• Updated APPENDIX C – TBWQC Trend Monitoring Well List 
• Updated APPENDIX D – TBWQC Trend Monitoring Well Location Map 
• Added APPENDIX E – TBWQC Trend Monitoring Well Completion Reports 
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1.1     BACKGROUND AND PURPOSE 
 
General Order R5-2013-0120, as adopted by the RWQCB in September 2013, requires growers 
within the Tulare Lake Basin Area to comply with the Waste Discharge Requirements (WDRs) of 
the Irrigated Lands Regulatory Program (ILRP).  The ILRP was initiated in 2003 as a voluntary 
program to monitor agricultural runoff in surface waters and was expanded to include groundwater 
monitoring with adoption of the General Order.  The purpose of the General Order is to address 
irrigated agricultural discharges that have the potential to impair surface waters and groundwater 
quality throughout the Tulare Lake Basin. 
 
The TBWQC Groundwater Quality Trend Monitoring Workplan follows the requirements outlined in 
Section VIII.D.3, (page 32) of the General Order and in Attachment B: Monitoring and Reporting 
Program Sections IV.C and IV.E (pages 19-22).   

The objectives of the Groundwater Quality Trend Monitoring Workplan, as outlined in Attachment 
B section IV.C (page 19) of the General Order, are stated as follows: 

1) To determine current water quality conditions of groundwater relevant to irrigated 
agriculture. 

2) To develop long-term groundwater quality information that can be used to evaluate the 
regional effects (i.e., not site-specific effects) of irrigated agriculture and its practices. 

The location where each of the requirements of the General Order are addressed within the 
GQTMP are tabulated in Table 2: Groundwater Trend Monitoring (GQTM) Workplan Items 
Identified in WDRs. 
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Table 2: Groundwater Quality Trend Monitoring (GQTM) Workplan Items Identified in WDRs 

 
Historical groundwater quality conditions within the Tule Basin Water Quality Coalition boundary 
were covered in the Groundwater Assessment Report (GAR) submitted by the TBWQC February 
04, 2015 which was utilized to determine vulnerability conditions.  The GAR was conditionally 
approved by the RWQCB on January 06, 2016, and several issues were identified as requiring 
additional information.  Those issues, as well as the location within the GQTM Workplan – Phase 
1, are tabulated in Table 3: Summary of Issues to be Addressed in GQTMP.  The purpose of 
the GQTMP is to identify the condition of the existing groundwater quality and develop a plan for 
determining trends in groundwater quality for evaluation of the effects of irrigated agriculture on 
groundwater quality within the TBWQC rather than relying on the historical conditions of 
groundwater that were used to determine vulnerability in the GAR.  

GQTM Workplan Items Identified in Monitoring 
and Reporting Program (Attachment B) of the 

WDR General Order 

Where Addressed 

Location in GQTMP  
GQTM Workplan 

Phase I 
GQTM 

Workplan 
Phase II 

1. Workplan Approach       
Discussion of the rationale for the number of 

proposed wells to be monitored and their locations X 

  Section 4.2 - Monitoring Well 
Selection Criteria 
Provides Spatial Location, and 
Rationale. 

1.      The variety of agricultural commodities 
produced within the third-party's boundaries 
(particularly those commodities comprising the most 
irrigated agricultural acreage) 

X 

  Section 2.8 - Land Use 
Provides Agricultural Land Use 
in Tule Subbasin 

2.      The conditions discussed/identified in the 
GAR related to the vulnerability prioritization within 
the third-party area 

X 
  Section 4.2.1 – Rationale 

Vulnerability Prioritization 

C.      The areas identified in the GAR as 
contributing significant recharge to urban and rural 
communities where groundwater serves as a 
significant source of supply. X 

  Section 2.10.1 - Groundwater 
Levels provides current 
groundwater elevation data and 
discussion of recharge in the 
Tule Subbasin as it affects 
groundwater levels and 
communities 

2. Well Details       
Details for well proposed for trend monitoring   X Initial Evaluation of Well Driller 

Report included in Section 4.3.1.  
Field Verification to be included 
in Workplan Phase II which will 
provide the vetting of candidate 
wells and selection of wells for 
monitoring network 

A.      GPS coordinates   X 
B.      Physical address of the property on which 

the well is situated (if available) 
  X 

C.      California State well number (if known) X X 
D.      Well depth X X 
E.      Top and bottom perforation depths X X 

   F.      Copy of the water well drillers log, if available   X 
G.      Depth of standing water (static water level), if 

available (may be obtained after implementing 
program) 

  
X 

H.      Well seal information (type of material, length 
of seal) 

X X 

3. Proposed Sampling Schedule       
Trend monitoring wells to be sampled, at a 

minimum, annually at the same time of year for 
indicator parameters (parameters identified in Table 3 
of WDRs, Att. B). 

X   

Section 5 – Groundwater 
Sampling Schedule and 
Procedures 

4. Workplan Implementation and Analysis       
Proposed method(s) to be used to evaluate trends 

in the groundwater monitoring data over time. X   Section 6 - GQTM Reporting 
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Table 3: Summary of Issues to be Addressed in GQTMP 
RWQCB Staff Comment # Description of RWQCB Comment Location in GQTMP 

1.A Friant-Kern Canal Role in Providing Surface Water Section 2.9 

1.B Irrigated Land in Eastern Hills Above Valley Floor 
Section 2.8 and Attachment F 
Land Use Map 

1.C Detailed Geologic Discussion 
Shall be Addressed in GAR 
Update (January 6, 2021) 

1.D Groundwater Depth and Aquifer Discussion Sections 2.6, 2.7, and 2.10 

1.E Groundwater Quality Discussion Section 2.10.2 & Attachments J-K 

1.F Data Gaps and Assumptions Section 2.10.2 & Attachments J-K 

2.A High Vulnerability Area (HVA) Prioritization Section 4.2.1 - Rationale 

2.B HVA Consideration For Monitoring Well Network Section 4.2.1 - Rationale 

3.A Groundwater Quality Data Quality Assessment 
Section 2.10.2 
Further addressed in GAR Update  

3.B Nitrate and Electrical Conductivity Annual Means 
Section 2.10.2 
Further addressed in GAR Update 

3.C Historical Average Nitrate Concentration 
Shall be Addressed in GAR 
Update (January 6, 2021) 

3.D Upper Confidence Level Calculations 
Section 2.10.2 
Further addressed in GAR Update 

4 MPEP Work Plan Section 6.2.3 

6 Land Use Data 
Section 2.8 and Attachment F 
Land Use Map 

8.A Recharge Basins Related to Groundwater Depth Section 2.10.1 

8.B Recharge Basin Map 
Shall be Addressed in GAR 
Update (January 6, 2021) 

8.C Recharge Estimates of Canals and Rivers Section 2.10.1 

8.D Irrigation in Groundwater Recharge Section 2.10.1 

9 Soil Properties Section 2.5 

10 Shallow Groundwater Constituent Concentrations 
Section 2.10.2 & Attachments J-K 
Further addressed in GAR Update 

11 Existing Groundwater Data Collection and Analysis Section 3.1 and Section 3.2 

12.A Nitrate Database 
Section 2.10.2 & Attachments J-K 
Further addressed in GAR Update 

12.B Irrigated Agriculture Impacts on Groundwater Quality 
Shall be Addressed in GAR 
Update (January 6, 2021) 

12.C Constituents of Concern 
Shall be Addressed in GAR 
Update (January 6, 2021) 

12.D Susceptibility to Groundwater Contamination Section 2.5, 2.6, 2.7, and 2.8 

12.E Nitrite Data 
Shall be Addressed in GAR 
Update (January 6, 2021) 

13 Feasibility of Incorporating Exist. Groundwater Data Section 3.1 and Section 3.2 

14 Ranking of High Vulnerability Areas Section 4.2.1 - Rationale 

15 Geologic and Hydrogeologic Information for Third-
Party Area 

Shall be Addressed in GAR 
Update (January 6, 2021) 

16.A Groundwater Vulnerability Designations Section 4.2.1 - Rationale 

16.B High Vulnerability Area (HVA) Maps 
Completed in GAR Addendum 
Submitted February 5, 2016 

18.A Existing Groundwater Monitoring Programs Section 3 and Section 4.2 

18.B Monitoring Network Methodology Section 4 
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1.2        WORKPLAN IMPLEMENTATION  
 
The GQTMP proposes a two-phase program for identification and selection of the existing wells for 
the monitoring well network.  This GQTMP includes the requirements of Phase 1, and subsequent 
to the RWQCB approval of the Phase 1 GQTMP, the TBWQC will implement the Phase 2 program.   
 

• Phase 1 GQTMP:  The Phase 1 GQTMP provides the rationale used for selection of 
existing wells, the spatial consideration used for determining the density of monitoring wells 
within the TBWQC, the groundwater sampling methodology and protocols, the data 
processing and reporting, and the identification of existing wells within the TBWQC to be 
considered as candidate wells for the long-term monitoring program.   
 

• Phase 2 GQTMP:  Phase 2 of the GQTMP involves field verification of the candidate wells 
for physical conditions, for site accessibility, and for acceptability by the property owner for 
monitoring the well.  Phase 2 will begin after the RWQCB approval of the Phase 1 GQTMP.   
 

1.3        REGIONAL GROUNDWATER TREND MONITORING PROGRAM 

Groundwater monitoring is conducted under many regulatory programs by different agencies within 
the Central Valley.  The existing groundwater monitoring programs within the TBWQC include the 
Irrigated Lands Regulatory Program (ILRP), the Dairy General Order Monitoring Program, 
groundwater quality monitoring as part of individual Waste Discharge Requirements (WDRs), the 
California Statewide Groundwater Elevation Monitoring Program (CASGEM), Bureau of 
Reclamation programs, and the upcoming Sustainable Groundwater Management Act (SGMA).  
Given the complexity and expense of implementing groundwater monitoring programs, the 
development of a coordinated groundwater monitoring program would result in a more effective 
and efficient program, rather than separate duplicative programs that do not appear to be 
coordinated and are operated in isolation.  The development of a coordinated approach would 
benefit all parties involved in the assessment of groundwater quality within the Central Valley, with 
assurance that the requirements of the General Order are included in the coordinated program.   

A further coordinated approach, throughout the entire Central Valley may be beneficial.  As the 
Central Valley coordinated regional approach for groundwater monitoring is further developed 
between the multiple Coalitions and monitoring entities, the TBWQC will participate in that effort for 
the creation of a more streamlined and efficient groundwater monitoring program, while continuing 
to implement the requirements of the General Order specific to the TBWQC. 
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2. PHYSICAL SETTING 

2.1 TULE SUBBASIN 

The TBWQC area overlies the entire Tule Subbasin and the Supplemental area extends East into 
the Sierra Nevada Mountain Range, along with a small portion of the Kern Subbasin. DWR Bulletin 
118-80, defines the Tule Subbasin as follows: 

“The Tule Groundwater Subbasin is generally bounded on the west by the Tulare County line, 
excluding those portions of the Tulare Lake Basin Water Storage District and Sections 29 and 
30 of Township 23 South, Range 23 East, that are west of the  Homeland Canal. The northern 
boundary of the basin follows the northern boundaries of Lower Tule Irrigation District and 
Porterville Irrigation District and the southern boundary of the Lindmore Irrigation District. The 
eastern boundary is at the edge of the alluvium, and the southern boundary is the Tulare-Kern 
County line.” 

The Tule Subbasin and the TBWQC boundary are delineated on ATTACHMENT A: TBWQC 
Boundary. 

2.2 LOCATION 

The TBWQC covers the southern portion of Tulare County along with a small portion of Kern 
County, all within the Tulare Lake Basin.  The TBWQC includes approximately 599,880 acres of 
the natural water courses of the Tule River, Deer Creek, and White River and contains 
approximately 321,986 acres of irrigated agriculture, including dairies (USDA 2015 Land Use Data).  
Additionally, the TBWQC extends coverage to growers within a supplemental area of the upper 
watersheds, of the three streams, covering approximately 342,246 acres.  The supplemental area 
includes minimal irrigated agricultural lands and is predominantly covered by the Sequoia National 
Forest and the Tule River Indian Reservation.  The Tule Basin Water Quality Coalition Boundary 
and the Tule Supplemental Boundary are identified in  FIGURE 1. Tulare Lake Basin and Tule 
Subbasin Water Quality Coalition Boundaries. 
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FIGURE 1:  Tulare Lake Basin and Tule Subbasin Water Quality Coalition Boundaries 

2.3 CLIMATE  

The climate of the region is semi-arid with mild winters and hot, dry summers.  The average annual 
rainfall within the service area of the Tule Subbasin is approximately 8 inches.  The eastern edge 
of the Basin along the foothills experiences higher amounts of rainfall, while the western edge of 
the Basin is typically more arid and dry.  The average annual precipitation in the Tule River 
Watershed above Success Reservoir is 31 inches.  Precipitation usually occurs from November to 
May. Snow typically melts during the spring months of April through June. From May through 
November, the area generally experiences dry summers when little rain occurs.   
 
Within the TBWQC area there are several precipitation stations, maintained with data recorded by 
the California Irrigation Management Information System (CIMIS) and the Department of Water 
Resources (DWR).  A summary of the average monthly precipitation from the stations within the 
TBWQC is shown in TABLE 4:  TBWQC Average Precipitation. 
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TABLE 4:  TBWQC Average Precipitation 

Note:  ATTACHMENT G: TBWQC Climate and Demographics Map identifies the location of each Precipitation 

Station. 

2.4 TOPOGRAPHY 

Ground elevations range from approximately 200-feet above mean sea level in the western edge 
of the Tule Subbasin to 2,000-feet above mean sea level in the eastern portion of the Subbasin.  
The ground surface within the Subbasin generally slopes from East to West, See ATTACHMENT 
B: United States Geological Survey Quadrangle Map.   

2.5 SOILS  

Soil information was obtained from the National Cooperative Soil Survey (NCSS), a joint effort of 
the United States Department of Agriculture and other federal, state, and local agencies.  Soil data 
for the Tule Subbasin is presented on soil survey maps that can be used for land-planning 
programs.  The soil survey maps, provided for general reference, contain valuable information 
regarding soil properties in the TBWQC study area.  Soil properties that affect land use are 
described in the soil survey.  The soil survey maps contain predictions of soil behavior for selected 
land uses, highlight limitations and hazards inherent in the soil, improvements needed to overcome 
the limitations, and the impact of selected land uses on the environment (USDA, 1982). 

 
Soils of the Tule Subbasin were compiled in a GIS format from three soil surveys as downloaded 
from the USDA-NRCS Soil Data Viewer, the Soil Survey Geographic (SSURGO) database, and 
from soil survey maps entitled, “Tulare County, California, Western Part”, “Tulare County California, 

Station Name 

Success 
Reservoir 

(DWR 
SCC) 

Porterville 
(CIMIS 169) 

Alpaugh 
(CIMIS 

203) 

Delano 
(CIMIS 

182) 

Lindsay 
(DWR 
LND) 

Angiola 
(DWR AGL) 

Average 
Monthly 

Precipitation 

Location within TBWQC  Eastern  East-
Central 

South 
Western  Southern  North 

Eastern  Western    

January 2.00 1.96 0.70 0.86 0.43 1.41 1.49 

February 1.97 1.72 0.72 0.86 1.30 1.37 1.41 

March 1.83 1.76 0.55 0.88 0.80 1.16 1.32 

April 1.13 1.03 0.32 0.78 1.17 0.71 0.84 

May 0.36 0.44 0.11 0.29 0.26 0.27 0.31 

June 0.08 0.07 0.05 0.04 0.00 0.06 0.06 

July 0.02 0.01 0.00 0.00 0.00 0.01 0.01 

August 0.02 0.01 0.00 0.00 0.00 0.01 0.01 

September 0.22 0.16 0.03 0.01 0.04 0.17 0.11 

October 0.55 0.49 0.17 0.47 0.00 0.32 0.43 

November 1.16 0.98 0.37 0.68 1.74 0.71 0.82 

December 1.70 1.64 1.04 1.01 3.05 1.15 1.40 
Long Term Annual 

Average Precipitation: 11.05 10.26 4.07 5.88 8.79 7.35 8.01 

Long Term Data Range 1961 - 2015 1905 - 2015 2006 - 2015 2002 - 2015 1905 - 2015 1905-1985   
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Central Part”, and “Kern County, California, Northwestern Part”.  Soil units for each of the three 
surveys were combined and are shown on ATTACHMENT C: NRCS Soil Survey Map of TBWQC. 

 
The soil types delineated on the Soil Survey Map are provided in ATTACHMENT C.1: NRCS Soil 
Survey, Soil Type Legend.   

2.6 GEOLOGY  

The geology of the Tule Subbasin area was described by the Department of Water Resources in 
DWR Bulletin 118 - Subbasin 5-22.13, which is one of seven subbasins within the Tulare Lake 
Basin.  

The Tule Subbasin area crosses the geomorphic boundary between the permeable alluvial fan 
deposits and relatively impermeable crystalline bedrock of the Sierra Nevada Mountain Range.  
Portions of the southern and northern areas of the Tule Subbasin, and the entire western area 
of the TBWQC overlies the alluvium of the San Joaquin Valley (DWR, 2003).  See ATTACHMENT 
D: Geologic Map of the TBWQC Area. 

The Central Valley is a structural trough about 400 miles long, 20 to 70 miles wide, and extends 
over 20,000 square miles. The trough was filled with marine and continental sediments, which 
were the result of inundation by the ocean and erosion of the rocks that form the surrounding 
mountains (USGS, 1995).  The base of the Central Valley is comprised of plutonic and 
metamorphic rocks that are largely impermeable.  These basement complex rocks are exposed in 
the eastern portion of the TBWQC area and are mainly intrusive and extrusive igneous rocks with 
Paleozoic metavolcanic and Mesozoic, ultramafic, granitic, and gabbroic rocks. 

The metavolcanic rocks include latite, dacite, tuff, and greenstone that are commonly schistose. 
The ultramafic rocks are mostly serpentine with minor peridotite, gabbro, and diabase.  The 
granitic rocks include granite, quartz monzonite, granodiorite, and quartz diorite. The mafic and 
intermediate rocks include gabbro and diorite. Undivided pre-Cenozoic metasedimentary and 
metavolcanic rocks in the foothills area are mostly slate, quartzite, hornfels, chert, phyllite, 
mylonite, schist, gneiss, and minor marble (Jennings, et.al., 1977). 

The basement complex rocks are buried beneath valley fill deposits that thicken toward the axis 
of the valley.  More than 14,000 feet of Cretaceous, Tertiary, and Quaternary age sediments are 
buried beneath the Tulare Lake bed.  These extensive deposits of marine and mixed marine and 
continental sediments are the result of erosion from the Coast Ranges, Cascade Range, and 
Sierra Nevada Mountains. Continental deposits eroded from the Sierra Nevada Mountain Range 
and Coast Ranges have formed valley sediments that are a heterogeneous mix of gravels, sands, 
silts, and clays.  Unconsolidated deposits overlie the marine and continental deposits and form 
the floor of the San Joaquin Valley (Croft, 1972). 

Igneous, metamorphic, and sedimentary rocks and alluvial deposits exposed along the margin of 
the valley, including those within the TBWQC area, are divided into three main groups: the main 
freshwater-bearing sediments, nonwater-bearing marine sedimentary rock that generally contain 
saline water, and nonwater-bearing basement complex rock.   

Loosely consolidated Miocene to Pleistocene deposits exposed in the western portion of the 
TBWQC area include sandstone, shale, and gravel. The valley floor is made up of unconsolidated 
alluvial and flood plain deposits of the major streams, in addition to lacustrine and marsh deposits. 
The lacustrine and marsh deposits crop out in the San Joaquin Valley beneath the Buena Vista, 
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Kern and Tulare Lake beds. The Tulare Lake bed contains lacustrine and marsh deposits more 
than 3,600- feet thick (Page, 1986). These sediments are relatively flat to gently rolling and 
generally below an elevation of 500- feet (USGS, 1995). 

Fractures, joints, and faults within the Pre-Tertiary consolidated basement complex metamorphic 
and igneous rock yield relatively small quantities of water.  The crystalline rock matrix is relatively 
impermeable.  The Tertiary consolidated sandstone, siltstone, and shale marine deposits overlying 
the basement complex rock generally do not yield freshwater. 

The Tertiary continental deposits overlying the marine sediments are a maximum of 2,000-feet 
thick, moderately permeable, semi-confined to confined, from which wells yield large quantities of 
groundwater.  The overlying oxidized deposits are a maximum of 500-feet thick, poorly permeable 
and semiconfined, and consist of sand, silt, and clay with gravel deposits and well developed soils 
in the oxidized zone.  

The Quaternary age older alluvial fan deposits that overlie the lacustrine and marsh deposits are a 
maximum 1,000-feet thick, unweathered, reduced, silty sand, clay, very fine to coarse sand, 
moderately permeable, semiconfined and confined.  Overlying the older reduced deposits are a 
maximum of 600-feet of oxidized gravels, silt, clay, and very fine to coarse sand.  This layer is 
highly permeable, unconfined and semiconfined.  The reduced and oxidized older alluvial deposits 
yield large quantities of freshwater and are the major aquifer source throughout the Tule sub-basin.  

The Permeability of geologic units are provided in TABLE 5: Relative Permeability of Deposits 
as adapted from data provided by Croft and Gordon (1968). 

 
TABLE 5: Relative Permeability of Deposits  

System Geologic Unit Relative Permeability 

Quaternary - Recent Flood Basin Deposits Poor 

Quaternary - Pleistocene to Recent Younger Alluvium High 

Quaternary - Pleistocene to Recent Older Alluvium Moderate to High 

Tertiary and Quaternary - Pliocene and 
Pleistocene Lacustrine and Marsh  Poor 

Tertiary and Quaternary - Pliocene and 
Pleistocene Continental Deposits Poor to Moderate 

Tertiary Marine Mostly brackish water. Least 
permeable deposits. 

Pre-Tertiary Basement Complex Locally yields small quantities, 
otherwise virtually impermeable. 

Overlying the older alluvium are recent younger alluvial fan deposits of sand, gravel, silty sand, silt, 
and clay.  These younger deposits are weakly oxidized and reduced with poorly developed soil 
profiles.  This unit is a maximum 55-feet thick, highly permeable, unconfined, and is largely 
unsaturated and a conduit for recharge to underlying sediments. 
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Overlying the younger alluvium are surficial poorly permeable recent flood basin deposits of silt, 
clay, and fine sand that are unconfined.  The flood basin deposits are relatively impermeable silt 
and clay interbedded with some moderately to poorly permeable fine sand layers that interfinger 
with the younger alluvium. 

The alluvial deposits generally increase in permeability from East to West across the TBWQC area.  
The soil mantle overlying the dissected uplands and crystalline bedrock along the East side of the 
area are relatively thin and immature.  These deposits generally have low groundwater yield with 
relative low permeability to no permeability.   

To the West beneath the communities of Porterville, Poplar-Cotton Center, Woodville, Tipton, 
Pixley, and Earlimart, the younger alluvial fan and basin rim deposits are permeable to moderately 
permeable.  Basin soils along the west boundary of the study area are poorly permeable to nearly 
impermeable, especially the confining clays of the Tulare Formation (Davis et.al., 1959).   

ATTACHMENT E: TBWQC Geomorphic Units Map provides a general reference of the geology 
of the TBWQC area, especially with regard to the boundary between the Sierra Nevada Mountain 
Range/Foothills provinces and San Joaquin Valley alluvial deposits.  The Sierra Nevada granitic 
block has been tilted slightly westward due to faulting and subsequent uplift of the East edge.  The 
slopes are generally very steep on the East side and gentle on the West side.  Uplift of the granitic 
rocks resulted in increased precipitation in the Sierra Nevada, particularly near its crest, which in 
places exceeds 14,000 ft altitude (Bertoldi et.al., 1991). The dissected uplands, ranging from 550 
feet to approximately 1,000 feet above mean sea level, are discontinuous hills of moderate relief 
between the Sierra Nevada to the East and the alluvial plains and fans to the West.  The coalescing 
low plains and alluvial fans of low relief are located between the dissected uplands and the nearly 
flat surface of the valley trough.  Except near streams, the local relief is less than 10 feet.  The unit 
extends for the entire length of the valley and has an average width of about 21 miles.  A majority 
of irrigated lands within the Tule Subbasin overlies the  alluvial fans and floodplains. 

Nearly all groundwater utilized for domestic, municipal, and irrigation water is pumped from the 
alluvial, flood plain, and continental deposits of the main freshwater-bearing sediments.  These 
deposits are comprised primarily of moderately to highly permeable, largely unsaturated deposits 
of sand, silt, clay, and gravel. 

The Tulare Formation, classified as the main freshwater-bearing sediments, are poorly sorted 
deposits of clay, silt, sand, and gravel derived predominantly from the Coast Range.  The Tulare 
Formation contains the E-Clay, which is a major confining unit that stratigraphically pinches out 
near Highway 99 beneath the western one-third of the TBWQC area as shown on ATTACHMENT 
D: Geologic Map of the TBWQC Area. 

An additional body of fresh water is confined beneath the E-Clay, which occurs in alluvial and 
lacustrine deposits of late Pliocene age or older (Davis, et. al., 1959 and USGS 1995). In much of 
the eastern part of the valley, especially in areas of the major streams (such as within the TBWQC 
area), the E-Clay is not present, and groundwater occurs as one freshwater body to considerable 
depth (Davis, et. al., 1964). 

The continental deposits are undifferentiated poorly sorted lenticular layers of clay, silt, sand, and 
gravel derived from the Sierra Nevada Mountain Range. They are moderately permeable, and yield 
large quantities of groundwater. 

There are two non-water bearing rock groups that provide little value in terms of usable 
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groundwater;  the marine sedimentary rock that generally contains saline water of poor quality that 
underlies freshwater-bearing deposits with few exceptions, and the crystalline basement complex 
rock that is similarly of little importance as a groundwater source, although the water contained in 
fractures  or weathered rocks is fresh and is utilized to some extent for domestic and stock water 
supply (Davis, et.al., 1959). 
A generalized cross-section of the geologic regime beneath the TBWQC area, identified as Cross 
Section ‘g-g’ in the USGS Report 1459 (Davis, et.al., 1959) and ‘B-B’ in the USGS Report 1999-H 
(Croft, 1972), was used for the development of FIGURE 2: Generalized Geologic Cross-Section 
- TBWQC Area. 

FIGURE 2: Generalized Geologic Cross-Section – TBWQC Area 
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2.7 HYDROGEOLOGY 

The hydraulic conductivities of soils throughout the central valley as measured from laboratory 
samples and estimated average vertical (Kv) and horizontal hydraulic (Kh) conductivities were 
reported by Bertoldi, et.al. (1991). TABLE 6:  Laboratory Hydraulic Conductivity Values of 
Unconsolidated Sediments in the Central Valley contains laboratory values for unconsolidated 
sediments as reported by Bertoldi, et.al. 
 
TABLE 6:  Laboratory Hydraulic Conductivity Values of Unconsolidated Sediments in the 
Central Valley  

Sediment 
Average Vertical Hydraulic Conductivity Average Horizontal Hydraulic 

Conductivity 

ft./day cm/sec ft/day cm/sec 

Sand 11.5 4.06E-03 14 4.94E-03 

Clayey Sand NA NA NA NA 

Sand-Silt-Clay 0.02 7.06E-06 0.02 7.06E-06 

Clayey Silt 0.0001 3.53E-08 NA NA 

Silty Sand 0.21 7.41E-05 0.16 5.64E-05 

Sandy Silt 0.02 7.06E-06 0.13 4.59E-05 

Silt 0.0002 7.06E-08 NA NA 

Silty Clay 0.0001 3.53E-08 0.002 7.06E-08 

Clay NA NA NA NA 

 
The horizontal hydraulic conductivity (Kh) averages from 14-feet per day for sand to 0.002 feet per 
day for silty clay, as determined from laboratory tests of core samples.  However, the average 
horizontal hydraulic conductivity of the entire Central Valley aquifer system is estimated to be 6 feet 
per day based on calibration of a regional groundwater flow model.  This value is somewhat less 
than the average value for sand but probably reflects the lateral discontinuity of sand beds and 
more accurately represents the conductivity that controls groundwater flow on a regional scale 
(Bertoldi, et. al., 1991). 
 
The hydrogeologic groundwater conditions beneath the TBWQC area consist of no-flow on 
[portions] of the northern, southern, and eastern boundaries, and a general-head on the western 
boundary (Harter et. al., 2001). 

2.8 LAND USE 

Land use within the TBWQC boundary is predominantly agriculture with small residential 
communities scattered throughout.   Agricultural land use within the TBWQC area includes a wide 
range of field crops, orchards, and vineyards.  Land use data from the United States Department 
of Agriculture (USDA) was used to summarize the agricultural land uses within the TBWQC area.  
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The USDA National Agricultural Statistics Service publishes annually land use data by crop type. 
The crop land use within the TBWQC area is summarized in TABLE 7:  USDA Crop Land Use 
Within the TBWQC Boundary 2015. Based on the 2015 USDA data, approximately 408,625 acres 
(68%) of the land within the TBWQC Boundary is used for irrigated agricultural purposes (includes 
acreage currently fallow/idle).  A map identifying the location of the different land uses within the 
TBWQC per the USDA data is identified in ATTACHMENT F: TBWQC USDA 2015 Land Use 
Map. 
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TABLE 7:  USDA Crop Land Use Within the TBWQC Boundary 2015 

Land Use 
Area Within 

TBWQC 
Boundary 

Acres 

Percent of 
Total Land Land Use 

Area Within 
TBWQC 

Boundary 
Acres 

Percent of 
Total Land 

IRRIGATED AGRICULTURE LAND USE 

Fallow/Idle Cropland 86,639 14.443%  Apples 89 0.015% 

 Almonds 63,804 10.636%  Potatoes 77 0.013% 

 Winter Wheat 42,204 7.036%  Blueberries 65 0.011% 

 Alfalfa 34,826 5.806%  Onions 58 0.010% 

 Oranges 34,373 5.730%  Sweet Corn 46 0.008% 

 Grapes 33,679 5.614%  Pears 39 0.007% 

 Pistachios 17,610 2.936%  Nectarines 34 0.006% 

 Oats 15,186 2.532%  Other Crops 23 0.004% 

 Dbl Crop WinWht/Corn 14,517 2.420%  Garlic 15 0.003% 

 Walnuts 14,395 2.400%  Rye 14 0.002% 

 Corn 10,392 1.732%  Peppers 13 0.002% 

 Barley 7,359 1.227%  Watermelons 12 0.002% 

 Cotton 4,669 0.778%  Sugarbeets 4 0.001% 

 Sorghum 4,625 0.771%  Dry Beans 3 0.001% 
 Dbl Crop 
WinWht/Sorghum 4,411 0.735%  Peaches 3 0.001% 

 Citrus 3,636 0.606%  Lettuce 2 0.000% 

 Other Hay/Non Alfalfa 3,489 0.582%  Dbl Crop Barley/Corn 2 0.000% 

 Pomegranates 3,184 0.531%  Cantaloupes 0 0.000% 

 Triticale 2,352 0.392%  Honeydew Melons 0 0.000% 

 Olives 1,886 0.314%  Grass/Pasture 144,684 24.119% 

 Plums 1,193 0.199%  Developed/Open Space 21,144 3.525% 

 Other Tree Crops 696 0.116%  Developed/Low Intensity 6,947 1.158% 

 Tomatoes 610 0.102%  Developed/Medium Intensity 6,926 1.155% 

 Durum Wheat 414 0.069%  Shrubland 5,817 0.970% 

 Cherries 349 0.058%  Open Water 2,067 0.345% 

 Carrots 309 0.052%  Developed/High Intensity 1,063 0.177% 

 Canola 300 0.050%  Barren 622 0.104% 

 Peas 237 0.040%  Deciduous Forest 563 0.094% 

 Pecans 236 0.039%  Evergreen Forest 548 0.091% 

 Safflower 218 0.036%  Woody Wetlands 485 0.081% 

 Dbl Crop Oats/Corn 131 0.022%  Herbaceous Wetlands 368 0.061% 

 Greens 105 0.018%  Mixed Forest 11 0.002% 

 Broccoli 92 0.015%       

Agricultural Land Total 408,625 68.119% 

Non-Agricultural Land Total 191,245 31.881% 

TBWQC Total 599,870 100.00% 
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There are 13 developed residential communities within the TBWQC Boundary, as identified in 
ATTACHMENT G: TBWQC Climate and Demographics Map.  The total population within the 
TBWQC Boundary increased from 71,629 to 91,586 during the decade, year 2001 through year 
2010, with an increase of 22%.  However, the population within the TBWQC Boundary 
decreased from 91,586 to 84,427 between 2011 to 2013, an approximate 8% decrease.  
Disadvantaged Communities (DACs) within the TBWQC area are shown on ATTACHMENT 
G.  DACs are defined as “a territory that constitutes all or a portion of a “disadvantaged 
community” including 12 or more registered voters or some other standard.  A “disadvantaged 
community” is defined as a community with an annual median household income that is less 
than 80 percent of the statewide annual median household income (SB244). 
 

2.9 SURFACE WATER 

The TBWQC area is located within the Tulare Lake Basin and within the Tule Subbasin, as 
described in DWR Bulletin 118-80.  There are three streams within the TBWQC; Tule River, Deer 
Creek, and White River, that provide surface water for irrigation and groundwater recharge.  In 
addition, imported surface waters obtained through Central Valley Project contracts are delivered 
through these channels from the Friant Kern Canal for irrigation and groundwater recharge. 
  

2.9.1 SURFACE WATER SUPPLIES 
 

The approximate annual average Surface Water Supplies that enters the TBWQC area from 
the Tule River, Deer Creek, White River and the Central Valley Project are as follows: 

 
- Tule River:  139,000 acre feet  
- Deer Creek:      22,000 acre feet 
- White River:          6,000 acre feet  
- Central Valley Project: 343,000 acre feet 

 
The use of the surface water supplies in conjunction with pumped groundwater along with 
natural precipitation provides the irrigation water for the agricultural crops of the Tule Subbasin. 

 
2.9.2 SURFACE WATER QUALITY 

 
Surface Water Quality levels of the TBWQC area streams, as obtained from the California 
Environmental Data Exchange Network (CEDEN) record, are itemized in conformance with the 
parameters set forth in TABLE 2 – Monitoring Parameters of ATTACHMENT B; Monitoring 
and Reporting Program of the General Order (page 9) and are set forth in TABLE 8: 
Surface Water Quality. 
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TABLE 8 – Surface Water Quality 

 
 
 
 
 
 

Constituent Units Trigger 
Limit 

Tule River 
Poplar Avenue 
(2004 - 2005) 

Deer Creek 
Road 248 

(2010 - 2013) 

White River 
Road 208 

(2011) 

Electronic Conductivity uS/cm 1,000.00 67.7 - 157.8 148 - 284 272 -304 

pH n/a 6.5 - 8.3 7.02 - 8.94 7.7 - 8.9 8.18 - 9.03 

Total Dissolved Oxygen mg/L min. 7.0 6.3 - 9.4 7.0 - 11.1 8.94 - 10.64 

E. Coli MPN/100 mL 235.00 - 81.3 - 2,419 980.40 

Total Organic Carbon mg/L n/a 0.58 - 6.77 1.65 - 7.2 6.2 - 8.7 

Hardness (as CaCO3) n/a n/a 22.4 - 66.6 51.5 - 95.5 97.8 - 109.0 

Total Suspended Solids mg/L n/a - 4.75 - 574 73.3 - 91.0 

Total Dissolved Solids mg/L 450.00 50.0 - 120.0 99 - 398 180 - 211 

Turbidity NTU n/a 4.4 - 35 1.58 - 12.0 55.8 - 86.9 

Arsenic ug/L 10 1.47 - 2.37 1.71 - 2.36 - 

Boron ug/L 700.00 19 - 38 28.6 - 93.7 - 

Cadmium (Total) ug/L 5 0.011 – 0.050 0.03 - 0.2 - 

Copper (Total) ug/L 1300.00 3.54 - 5.93 1.58 - 3.82 - 

Lead (Total) ug/L 15.00 0.23 - 0.81 0.32 - 5.43 - 

Molybdenum (Total) ug/L 10 / 35 - 0.0044 - 0.0082 - 

Nickel (Total) ug/L 100.00 0.47 - 2.23 0.51 - 3.84 - 

Selenium (Total) ug/L 50.00 0.36 1.0 - 2.0 - 

Zinc (Total) ug/L n/a 2.54 - 6.19 4.86 - 34.5 - 

Phosphorus as P mg/L n/a 21.1 - 64.1 0.01 - 0.014 0.06 - 0.34 

Ammonia mg/L 1.50 0.07 0.05 - .028 0.069 - 0.20 

Nitrate + Nitrite as N mg/L 10.00 0.07 - 0.30 0.03 - 1.00 0.70 - 2.90 

Orhthophosphate as P mg/L n/a 0.01 - 0.16 0.03 - .022 0.23 - 0.84 

Phosphorus as P mg/L n/a 21.1 - 64.1 0.01 - 0.014 0.06 - 0.34 
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2.10 GROUNDWATER 

2.10.1 GROUNDWATER LEVELS 

Regionally, depths to groundwater within the TBWQC increase from east to west.  The spring 
2016 static depths to groundwater within the TBWQC indicates an approximate arithmetical 
average depth of groundwater of 213 feet, with a range of depths from 49 feet to 664 feet. 

ATTACHMENT H: 2016 Spring Depth to Groundwater Map provides the Spring 2016 Lines 
of Equal Depth (contours) of Ground Water.   

The spring 2016 depths to groundwater are generally less within the northern and southern 
central portions of the Tule Subbasin. Groundwater depths are the greatest near Pixley, 
Alpaugh, Ducor and Richgrove with depths from 250 feet to 650 feet.  The ground surface 
elevation east of Ducor and Richgrove may contribute to elevated depth to groundwater 
readings.   
 
Most of the groundwater recharge occurs within the TBWQC by percolation of natural stream 
flows and of supplemental imported water within the 166 miles of existing natural streambeds 
and sloughs, canals and over-application of irrigation, when available, on farmed fields. In 
addition, numerous groundwater recharge facilities have been constructed within the TBWQC 
area that includes approximately 2,100 acres of recharge basins. All as shown on 
ATTACHMENT I: Recharge Basins Map.  

 
2.10.2 GROUNDWATER QUALITY 

The existing groundwater quality data for the TBWQC area was obtained from the State Water 
Resources Control Board Groundwater Ambient Monitoring Program (GAMA), County of 
Tulare, the Regional Water Resources Control Board, and the Dairy General Order Monitoring 
Program.  This data was organized, analyzed, and presented in the TBWQC Groundwater 
Assessment Report (GAR) for the constituents of principle concern of Nitrate with a Maximum 
Contaminant Level (MCL) of 45 mg/l and of Electronic Conductivity (EC) with a recommended 
MCL of 1,000 µmhos/cm, for which Nitrate was identified as the primary Constituent of Concern 
(COC).  
 
The identification of those areas of the TBWQC wherein the existing groundwater quality data 
indicates exceedances of the 45 mg/l MCL is shown in ATTACHMENT J:  Nitrate 
Concentrations in Wells From 2010-2016, 45-mg/L Limit. 
 
Similarly, the identification of those areas of the TBWQC wherein the existing groundwater 
quality data indicates exceedances of the 1,000 umhos/cm desired limit is shown in 
ATTACHMENT K: Electrical Conductivity in Wells 2010-2016, 1000 umhos/cm Limit. 

 
The range of the historical groundwater quality sample results by constituent within the TBWQC 
are set forth in TABLE 9: Groundwater Quality. 
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TABLE 9 – Groundwater Quality 

 

Constituent Period of 
Samples  

Trigger 
Limit Units No. of Wells 

Measured 
No. of 

Measurements 
Max 

Value 
Min. 

Value Average 

pH - Minimum 1940-2015 6.5 Units 495 705 9.80 6.10 8.02 

pH - Maximum 1940-2016 8.3 Units 495 705 9.80 6.10 8.02 

Boron (B) 1948-2015 1.0 mg/L 445 574 5.0 0.00 0.20 

Copper (Cu) 1978-2015 1.3 mg/L 66 68 0.02 0.00 0.00 

Dissolved 
Oxygen 2005-2011 7 mg/L 7 10 4.6 0.64 3.02 

Lead (Pb) 1978-2015 15 µg/L 66 68 5.0 0.00 0.33 

Molybdenum 
(Mo) 2005-2015 10 / 35 µg/L 48 49 129 0.14 11.45 

Selenium (Se) 2005-2015 50 µg/L 49 50 6 0.04 0.63 

Zinc (Zn) 1978-2015 5 mg/L 59 60 0.51 0.00 0.04 

Simazine 1986-2014 4 µg/L 320 484 0.95 0.00 0.07 

Total Dissolved 
Solids (TDS) 1945-2015 450 mg/L 287 330 3,600 93.00 350.36 

Nitrate (NO3) 1945-2015 45 mg/L 491 739 657 0.00 26.64 

Electrical 
Conductivity 

(EC) 
1940-2015 1000 umhos/cm 546 860 6,200 40.00 527.26 
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3. SOURCES OF EXISTING GROUNDWATER DATA WITHIN THE TULE SUBBASIN 
 
The Tule Subbasin, completely encompassed within the TBWQC, includes numerous agencies 
that already have groundwater monitoring programs that collect groundwater data each year.  The 
goal of the TBWQC is to coordinate with each of these agencies for utilization of the groundwater 
information previously collected and to collaborate in the future during implementation of the 
GQTMP.  The following sections identify the existing groundwater monitoring programs within the 
Tule Subbasin and the data collected and available from each of these programs. 
 

3.1 DEPTH TO GROUNDWATER DATA 
 
Within the Tule Subbasin, the depths to groundwater have been measured for many years by 
several different public agencies under various ongoing programs.  The information available 
from these programs is utilized to help establish the basis for the GQTMP: 
 

3.1.1 DEER CREEK AND TULE RIVER AUTHORITY (DCTRA) 
 
The Deer Creek and Tule River Authority (DCTRA) is a joint powers agreement between 
eight irrigation districts, seven of which are within the Tule Subbasin. Each of the members 
of the DCTRA measure groundwater levels in the Spring and Fall each year and provide 
the information to the DCTRA.  Utilizing this groundwater elevation data, the DCTRA 
prepares annual reports to track groundwater conditions and trends in conformance with 
the DCTRA Groundwater Management Plan Update adopted May of 2012, consistent with 
the requirements of Assembly Bill 3030 and Senate Bill 1938, and the California Water 
Code, Sections 10750 - 10755.   Approximately 305 groundwater wells are included as a 
part of that report, but copies of well driller reports for the wells included are typically not 
readily available.  The location of the wells associated with the DCTRA Groundwater 
Management Plan are identified in ATTACHMENT L:  Existing Groundwater Program 
Wells.   

 
3.1.2 CALIFORNIA STATEWIDE GROUNDWATER ELEVATION MONITORING 

(CASGEM) 
 
The California Department of Water Resources (DWR) oversees the California Statewide 
Groundwater Elevation Monitoring (CASGEM) program, which mandates a statewide 
groundwater elevation monitoring program to track seasonal and long-term trends in 
groundwater elevations.  The DCTRA represents a large portion of the Tule Subbasin and 
collaborates with DWR each year to provide Spring and Fall groundwater measurements 
for approximately 50 wells.  Copies of well driller reports for these wells are not readily 
available, and efforts are underway for identification of a well drillers report for each 
CASGEM well.  The location of the CASGEM wells are provided in ATTACHMENT L:  
Existing Groundwater Program Wells.     
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3.1.3 BUREAU OF RECLAMATION – FRIANT DIVISION CONTRACTORS 
 
Those public districts within the Tule Subbasin that have a contract with the Bureau of 
Reclamation for purchase of imported water supply from the Friant Division of the Central 
Valley Project are required to measure depth to groundwater during the Spring and Fall 
each year.  Each of these Friant Contractors submit the data annually to the Bureau of 
Reclamation and also provide the same information to the DCTRA for development of the 
DCTRA Annual Report.   
 
3.1.4 TULE RIVER ASSOCIATION (TRA) 
 
The Tule River Association (TRA) has conducted groundwater level measurements of 
existing wells within the Tule Subbasin between Success Reservoir and the Friant Kern 
Canal, that includes wells of the City of Porterville, for over forty (40) years.  Approximately 
32 wells are measured each Spring and Fall for depth to groundwater.  The location of the 
TRA wells are provided in ATTACHMENT L:  Existing Groundwater Program Wells.     

 
3.1.5 SUSTAINABLE GROUNDWATER MANAGEMENT ACT (SGMA) 
 
In September of 2014, the State of California adopted the Sustainable Groundwater 
Management Act (SGMA).  The law requires that groundwater basins within the State of 
California are managed to maintain sustainability over time.  As a part of implementing the 
law and regulations, different Groundwater Sustainability Agencies (GSA) are being 
formed within the Tule Subbasin, each of which will be preparing a Groundwater 
Sustainability Plan (GSP).  Within the GSP, a groundwater monitoring network will be 
required to monitor the depth of groundwater and the quality of groundwater.  As these 
GSPs are developed, the TBWQC will communicate with each GSP to coordinate a single 
groundwater monitoring program for the Tule Subbasin. 

 
3.2 GROUNDWATER QUALITY DATA 
 
Within the Tule Subbasin, groundwater quality has been sampled and analyzed over the past 
decades under several different existing and ongoing regulatory programs.  As a part of the 
TBWQC GAR (and for future 5-year GAR updates), the historical available groundwater quality 
data readily available was compiled, organized, and analyzed to determine the vulnerability of 
the lands within the TBWQC.  The information available from these programs is utilized to help 
establish the groundwater quality basis for the GQTMP: 
 

3.2.1 RWQCB DAIRY GENERAL ORDER 
 
On 3 May 2007, the Central Valley Regional Water Quality Control Board adopted Existing 
Milk Cow Dairies, Waste Discharge Requirements General Order No. R5-2007-0035 (Dairy 
General Order) which required all existing dairies to apply for a Waste Discharge Permit.  
One of the many requirements of this permit is that each dairy facility is required to monitor 
each of their existing wells, both domestic and irrigation wells, annually.  Within the 
TBWQC, there are currently 119 active dairy facilities under the Dairy General Order.  The 
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approximate location of the wells associated with each dairy facility are identified in 
ATTACHMENT M:  TBWQC Dairies.   
 
In addition to the individual dairy monitoring required by the Dairy General Order, the dairy 
industry formed a Central Valley Dairy Representative Monitoring Program (CVDRMP) to 
evaluate the effects of dairies on groundwater quality, including the production area, 
lagoons, and land application areas.  The CVDRMP included site specific monitoring at 
specific dairy facilities within the Central Valley as a part of that program.  Data collected 
and monitored as a part of that program within the TBWQC will be reviewed and 
coordinated as part of the implementation of the GQTMP. 

 
3.2.2 PUBLIC DRINKING WATER SYSTEMS 
 
Within the TBWQC, there are many communities and cities that measure and analyze 
groundwater quality as part of their permit requirements from the State Water Resources 
Control Board, Division of Drinking Water.  Each year, a consumer confidence report is 
prepared and submitted by each of the communities with a public drinking water system.  
Each Public Drinking Water System within the TBWQC is tabulated in APPENDIX A:  
TBWQC Drinking Water Systems and spatially identified in ATTACHMENT N:  TBWQC 
Public Water Systems.  Data collected and monitored within the TBWQC as a part of that 
program will also be reviewed and coordinated as part of the implementation of the 
GQTMP. 

 
3.2.3 MISCELLANEOUS WASTE DISCHARGE PERMITS 
 
There are several industries within the TBWQC, not related to irrigated agriculture or 
dairies, that have an individual Waste Discharge Requirement (WDR) from the RWQCB.  
As a part of the WDR for each of these facilities, many are required to monitor groundwater 
quality.  The facilities under these separate WDR’s within the TBWQC are identified in 
ATTACHMENT O:  TBWQC Waste Discharge Facilities.  Data collected and monitored 
within the TBWQC as a part of these WDRs will further be reviewed and coordinated as 
part of the implementation of the GQTMP.  A tabulated list of each of the WDRs within the 
TBWQC is included in APPENDIX B:  TBWQC Waste Discharge Facilities 
 
3.2.4 GROUNDWATER AMBIENT MONITORING AND ASSESSMENT PROGRAM  
 
The Groundwater Ambient Monitoring and Assessment (GAMA) Program, California's 
comprehensive groundwater quality monitoring program that was created by the State 
Water Resources Control Board and expanded by the Groundwater Quality Monitoring Act 
of 2001, has become a public database of groundwater quality in groundwater basins, 
including the Tule Subbasin.  The digital data included in the GEOTRACKER database 
may be duplicative of the other ongoing groundwater monitoring programs listed above but 
reviewed for identification of any additional groundwater quality data in coordination with 
the other data compiled under the GQTMP. 
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4. GROUNDWATER QUALITY TREND MONITORING NETWORK DESIGN CRITERIA AND 
PHASES 

 
A primary goal of the long-term Groundwater Quality Trend Monitoring Program is to identify 
existing wells that have adequate physical information to ensure the trends analyzed over time are 
reliable.  The following sections describe the groundwater monitoring network objectives, 
specifications for the selection of specific wells, and the schedule for selecting each existing well 
to be used for the long term TBWQC Groundwater Quality Trend Monitoring Program.  
 

4.1 MONITORING OBJECTIVES  
 
The objectives of the Groundwater Quality Trend Monitoring Workplan, as outlined in Attachment 
B section IV.C (page 19) of the General Order, are: 

1) To determine current water quality conditions for groundwater relevant to irrigated 
agriculture. 

2) To develop long-term groundwater quality information that can be used to evaluate the 
regional effects (i.e., not site-specific effects) of irrigated agriculture and its practices. 

 
4.2 MONITORING WELL SELECTION CRITERIA 
 
To reach the stated objectives of the GWTMP, the groundwater monitoring network shall include 
the following criteria, as outlined in Attachment B, Section IV.C (page 19) of the General Order: 
 
1) Be implemented over both high and low vulnerability areas; 
2) Employ shallow wells, but not necessarily wells completed in the uppermost zone of first 

encountered groundwater. 
a. Consider using wells in existing monitoring networks; 

3) Consist of a sufficient number of wells to provide coverage in the Third Party geographic 
area so that current water quality conditions of groundwater and composite regional effects 
of irrigated agriculture can be assessed.  Rationale for the distribution of trend monitoring 
wells shall be included in the Workplan. 
 

4.2.1 RATIONALE 
 
The rationale for identifying the spatial representation and the number of wells included for 
the monitoring program, as stated in Attachment B, Section IV.E (page 21) of the General 
Order are as follows: 
 

1) The variety of agriculture commodities produced within the Third Party boundaries 
(particularly those commodities comprising the most irrigated agricultural acreage); 

2) The conditions discussed/identified in the GAR related to the vulnerability prioritization 
within the Third Party area; 

3) The areas identified in the GAR as contributing significant recharge to urban and rural 
communities where groundwater serves as a significant source of supply. 
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Following is the rationale for the determination of the number and the spatial coverage of 
existing groundwater wells to be monitored under the TBWQC Groundwater Quality Trend 
Monitoring Program: 
 

o Agricultural Crops:  There are a variety of crops grown within the TBWQC.  The 
crops in a township may vary, some are planted annually, year to year, and other 
crops are perennial.  Market conditions drive the selection of crops grown annually, 
making it difficult to predict from one year to the next the crop that will be grown.  
The proposed monitoring network of existing wells will provide coverage of one 
well for each nine square mile area.  Typically, within such spacing, the variety of 
different crops grown is minimal, thus each selected well used in the monitoring 
program will provide useful information for the crop grown in that area. 
 

o Vulnerability Priority:  As identified in the Groundwater Quality Assessment Report 
(GAR), the vast majority of the TBWQC was mapped as vulnerable to groundwater 
quality impacts.  Because of the large portion of the TBWQC that is designated as 
high vulnerability, the same selection process will be used for the entire TBWQC.  
Utilizing a standard procedure for spatial selection of wells for the entire basin will 
allow consistency in the selection of monitoring wells throughout the basin, rather 
than utilizing a greater density of wells selected for monitoring within a higher 
density of irrigated crops or urban areas.  Consistency in the selection of 
monitoring wells throughout the basin will also provide more reliable spatial data 
for long term trends. 
 

o Areas with no Irrigated Agriculture:  There are areas within the TBWQC where 
there is no irrigated agriculture or developed lands, particularly along the eastern 
border of the Tule Subbasin.  In the nine square mile areas within a Township 
where there are no developed agricultural lands, and no existing wells, a 
monitoring well will not be included in the monitoring program. 

 
o Areas with no TBWQC Members:  There are areas within the TBWQC where there 

is irrigated agriculture but no TBWQC members are within the area, particularly in 
the areas where there are many dairies.  In the nine square mile areas within a 
Township where there are no TBWQC members, a monitoring well utilized by the 
dairy program or other WDR will be utilized.  

 
4.2.2 SPATIAL COVERAGE 
 
The spatial coverage for the selection from existing groundwater wells of the monitoring well 
network is proposed to be four wells per township with one well for each nine square miles of 
the Township.  In addition, for each “selected” well, a back-up or “secondary” well will be 
identified at a later date and utilized in case the selected well is damaged or is no longer in 
production.  During the initial field verification and monitoring, the selected well will be 
included in the program to establish baseline groundwater depth and quality data.  After the 
initial monitoring, only the selected well will be sampled annually, with the secondary well 
sampled every five years after identification.  If the selected or the secondary well is damaged 
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permanently or is no longer in use, a replacement for the selected or secondary well will be 
identified at that time.  

 
4.2.3 MONITORING WELLS SELECTION PHASES 
 
For selection of the specific wells to be included in the long-term trend monitoring network, 
the GQTMP will be completed during a two-phase process due to the significant time 
requirement for thorough evaluation of candidate wells for the long-term monitoring network.   
   

- Phase 1:  Identification of candidate wells in conformance with the selection criteria 
- Phase 2:  Field verification and physical inspection of each monitoring well. 

 
4.2.3.1 PHASE 1:  CRITERIA FOR IDENTIFICATION OF CANDIDATE WELLS FOR 

THE TREND MONITORING PROGRAM  
 

During the selection process, the following evaluation criteria was utilized for identification 
of existing groundwater wells that qualify as a candidate for the long-term monitoring 
program: 

 
o Type of Well:  The selected wells to be used for the trend monitoring program will 

be chosen from existing domestic wells.  If an existing domestic well is unavailable 
for a monitoring area, a shallow agricultural well will be selected.  

o Selection of Wells Used in Other Groundwater Programs:  Other State and Federal 
programs have required that wells be monitored for depth to groundwater and in 
some programs for groundwater quality, such as the GAMA program, the RWQCB 
General Order for Dairies, CASGEM, Bureau of Reclamation, Public Drinking 
Water Supply systems, and others.  Wells that have been monitored as part of 
those programs will be considered for selection for the GQTM Program. 

o Well Depth:  Existing wells constructed within the upper aquifer have been 
prioritized for selection.  Utilizing the Spring 2016 depth to groundwater data, and 
comparing that depth to the location of the screened interval of the well casing, a 
determination of whether that well is pumping from the uppermost aquifer will be 
made.  Due to the recent drought and the increased use of groundwater, extreme 
increased depths to groundwater have occurred, therefor the uppermost aquifer is 
defined as the first one hundred and fifty feet (150’) of groundwater depth below 
the Spring 2016 groundwater depth for each well selected.   

o High and Low Vulnerability Areas:  Four selected wells along with four secondary 
wells per township, within both the High and Low Vulnerability areas, will be 
identified, provided, adequate existing wells are available.  Priority will be given to 
those wells located nearest to a community or a public water system within each 
township. 

o Well Completion Reports:  A well completion report for each candidate selected 
and secondary well will be required.  Each candidate well will be identified in 
tabular form by:  GPS Coordinates, address of the property (if available), CA State 
Well Number, Well depth, casing top and bottom perforation depths, depth of 
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standing water (static water level, if available) and well seal information (type of 
material and length of seal). 
 

4.2.3.2 PHASE 2:  FIELD VERIFICATION OF CANDIDATE MONITORING WELLS 
 

During the second phase, the following evaluation criteria will be utilized for verification of 
the selected candidate wells identified in the Phase 1 to be acceptable for the long-term 
Groundwater Quality Trend Monitoring Program: 

 
o Field Verification:  The land owner’s consent for accessibility will be obtained for 

the monitoring and verification.  For each well selected, site specific field 
verification of location for both the selected and the secondary wells will be 
conducted.   

o Well Location:  Efforts will be made to identify wells that are most accessible from 
public roads or other roadways.  In addition, wells will be prioritized for selection if 
located within a TBWQC member parcel (who has agreed, by being a member of 
the Coalition, to allow access to the well(s) on their land(s) for monitoring). 

o Well Physical Conditions:  At the time of field verification, the well will also be 
evaluated for physical conditions (adequately protected from runoff, setbacks from 
septic systems).  For domestic wells, water samples shall be obtained from the 
wellhead, or as near the wellhead as possible, not from any point after the pressure 
tank. Samples shall not be collected from a faucet inside the home.  Wells without 
these physical capabilities for field sampling will not be considered for the trend 
monitoring well, unless a spigot is installed at or near the wellhead.   

o Strategy for Well Replacement.  If the well goes dry (Drought conditions), or if a 
well is not selected due to field conditions or access limitations, another well will 
be identified to replace the well that cannot or can no longer be used.  Within each 
township, four selected wells and four secondary wells will be identified.  The 
identification of the secondary well, should the selected well be abandoned, in the 
nine square mile areas of each township will allow time for identification of a 
replacement without a gap in data within the township. 
 

 
After the candidate well has been verified to meet the physical requirements and 
permission has been granted to monitor the well by the landowner, it will then be 
considered a “proposed well” and an initial groundwater depth and quality sampling will be 
taken along with a field survey for determination of the horizontal coordinates and the 
vertical elevation of the well casing.  
 
Phase 2 will be implemented subsequent to approval of the TBWQC Phase 1 GQTMP by 
the Regional Board, over a two (2) year period, with the initial year being used for 
verification of those wells within the Townships that contain a majority of the Disadvantaged 
Communities (DACS). In the subsequent year, additional wells needed to fill gaps for 
proposed selected and secondary wells for Phase 1 and the balance of the wells within the 
remaining Townships in Phase 2 will be verified..  Additionally, “complimentary wells”, or 
wells that are currently being monitored under another program that quality data is publicly 
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available, will be used to fill gaps in the proposed well network until a proposed well can 
be obtained. The TBWQC covers in whole or in part twenty-nine (29) townships, which 
have been segregated into each of two years as follows:   
 
Year 1:  Wells will be verified in thirteen (13) Townships during the first year after approval 
of the Phase 1 GQTM Workplan by the Regional Board, identified as follows: 

1. Township 21 South, Range 25 East; 
2. Township 22 South, Range 25 East;  
3. Township 23 South, Range 25 East;  
4. Township 23 South Range 23 East; those four townships include the communities 

of Tipton, Pixley, Earlimart and Alpaugh; 
5. Township 20 South, Range 27 East; 
6. Township 21 South, Range 27 East; 
7. Township 23 South, Range 27 East; 
8. Township 24 South, Range 27 East; those four townships cover the City of 

Porterville and the communities of Strathmore, Terra Bella, Ducor and Richgrove; 
9. Township 21 South, Range 26 East; covers the communities of Woodville and 

Poplar 
10. Township 24 South, Range 24 East; covers the small community of Allensworth; 
11. Township 24 South, Range 25 East; covers urban sprawl of the community of 

Earlimart; 
12. Township 24 South, Range 26 East; covers urban sprawl of the community of 

Richgrove; 
13. Township 21 South, Range 28 East; includes the urban development East of 

Porterville to Success Reservoir; 
 

Year 2:  Wells will be verified in sixteen (16) Townships during the second year after 
approval of the GQTM Workplan, identified as follows: 

1. Township 21 South, Range 29 East; includes the community of Springville and 
urban development above Lake Success; 

2. Township 22 South, Range 28 East; 
3. Township 22 South, Range 27 East; includes the rural sprawl South of the City of 

Porterville; 
4. The portion of the Tule Basin in Township 20 South, Range 26 East;  
5. Township 22 South, Range 26 East; 
6. Township 23 South, Range 26 East 
7. The portion of Township 25 South, Range 26 East; covered by the Delano-

Earlimart Irrigation District in Kern County. 
8. The portion of Township 21 South, Range 23 East; 
9. Township 22 South, Range 23 East; 
10. Township 24 South, Range 23 East; 
11. Township 21 South, Range 24 East; 
12. Township 22 South, Range 24 East; 
13. Township 23 South, Range 24 East; 
14. Township 23 South, Range 28 East; 
15. Township 24 South, Range 28 East; 
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16. The portion of Township 22 South, Range 29 East. 
 
 
FIGURE 3: GQTMP Phase 1 and Phase 2 Map identifies the townships associated with 
each phase.  All Townships are in the Mount Diablo Base and Meridian, County of Tulare, 
State of California, except that portion of Township 25 South, Range 26 East, of the 
Delano-Earlimart Irrigation District is within Kern County. 
 

  

 
FIGURE 3: GQTMP Phase 1 and Phase 2 Map 

 
4.3 CANDIDATE WELL SELECTION PROCESS  

 
The candidate wells identified under Phase 1 were selected from existing sources as follows: 
 

4.3.1 WELL COMPLETION REPORTS 
 
The well completion reports reviewed were provided by the Department of Water Resources 
(DWR).  Although over 11,200 existing well completion reports were queried from the data 
set, many of the well completion reports were only images not associated with a precise 
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spatial location, requiring significant efforts to correlate the well completion report to a specific 
location.  Well driller’s logs, as provided by the Department of Water Resources, are supplied 
in a digital image format.  Depending on the quality of the image and the completeness of the 
log as filled out by the well drilling contractor at the time the well is drilled, many logs queried 
provided incomplete or illegible data.  Driller’s identification numbers are independent of the 
DWR well naming convention, referred to as the State Well ID Number.  Correlating well 
driller’s logs and the State Well ID Number currently requires manual input, and in some 
cases the log is assumed to belong to a well based on the proximity of driller’s log location 
and the lack of additional wells in the immediate area, and therefor requires field verification 
before final confirmation that the well drillers log and the State Well ID number for the well 
are matched correctly.   
 
4.3.2 DCTRA WELLS  
 
The location of approximately 305 wells were collected from the DCTRA Groundwater 
Management Plan, and although well completion reports were not readily available for these 
wells, efforts continue for correlation of well completion reports and these wells. 
 
4.3.3 DAIRY GENERAL ORDER WELLS   
 
The location of approximately 785 wells associated with dairies regulated under the Dairy 
General Order within the TBWQC were also identified, although well completion reports were 
not readily available for these wells, efforts continue for correlation of well completion reports 
and these wells. Where gaps in Trend Monitoring network occur and well completion reports 
are available, publicly available water quality data reported for 11 domestic and agricultural 
wells under General Order R5-2013-0122 MRP-6 will be utilized as complimentary wells until 
additional wells can be located, permission granted to monitor and field verified. 
  
4.3.4 TRA WELLS   
 
The location of approximately 32 wells were collected from the TRA groundwater well 
measurement program, and although well completion reports were not readily available for 
these wells, efforts continue for correlation of well completion reports and these wells. 

 
4.4 CANDIDATE WELLS EVALUATION 
 
Evaluation of each selected candidate well was completed by verifying that a well driller’s log or 
well completion report with a Department of Water Resources identification number was 
available.  Data from the well driller’s log, including type of well, well location, boring depth, well 
casing depth, well casing perforations, and general information, were compiled and tabulated for 
the selected wells.  Once the data was compiled, each well was evaluated in conformance with 
the selection criteria to qualify as a long term well for the GQTMP.  Only wells for which a well 
completion report was available were selected as a candidate well for the GQTMP.  

 
A total of 245 candidate wells were identified, 42 have been selected as proposed, 11 as 
complimentary, and 52 remain as candidate wells for Trend Monitoring. These wells are listed 
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by township that meet the criteria for use in the Groundwater Quality Trend Monitoring Network 
and tabulated in APPENDIX C – TBWQC Trend Monitoring Well List.  Additionally, a  map that 
identifies the location of each proposed and candidate wells by township is included in 
APPENDIX D – TBWQC Trend Monitoring Well Location Map. Well logs for each selected 
proposed, candidate, and complimentary wells are compiled in APPENDIX E – TBWQC Trend 
Monitoring Well Completion Reports.    

 
During the field verification of the candidate wells, further evaluation of the data available for the 
wells will be conducted.  As additional wells are identified that meet the selection criteria, they 
will also be evaluated and considered for the long term GQTMP, particularly in those areas where 
candidate wells may not qualify to be the selected proposed well. 
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5. GROUNDWATER SAMPLING SCHEDULE AND PROCEDURES 

To effectively implement the groundwater monitoring required by the General Order within the 
GQTMP, a consistent monitoring schedule for collecting the groundwater data along with the 
methodologies and procedures for analyzing the data are identified in the following sections. 
 
5.1.  GROUNDWATER ELEVATIONS 
 
For adequate understanding of groundwater in the TBWQC, the depth to groundwater will be 
measured to calculate the groundwater elevation at each selected well.  Following is the schedule 
for measurement of depth to groundwater, the protocols used for measuring groundwater depth, 
and the calculation procedure for the determination of the groundwater elevations.    

 
5.1.1 GROUNDWATER ELEVATION MEASUREMENT SCHEDULE 
 
The depth to groundwater at each selected well in the GQTMP will be conducted twice per 
year; during the Spring, normally during February, for seasonal high data, and during the Fall, 
normally October, for seasonal low data. 
 
5.1.2 GROUNDWATER DEPTH MEASUREMENT PROTOCOL 

 
Prior to beginning groundwater elevation measurements, all equipment should be properly 
cleaned using the following decontamination procedure: 
 
• Triple rinse equipment with deionized water. 
• Wash equipment with an Alconox solution which is followed by a deionized water rinse. 
• Rinse with an approved solvent (e.g. methanol, isopropyl alcohol, acetone), if organic 

contamination is suspected. 
• Place equipment on a clean surface such as Teflon or polyethylene sheet to air dry. 

 
The well identification, time of day, date, and description of reference point (top of well casing, 
top of riser pipe, or some other reproducible position on the well head) shall be recorded for 
each well site measured.  The device shall then be lowered into the well casing:  Electrical 
tapes shall be lowered for contact with the water surface, chalked steel tapes shall be lowered 
generally one foot or more below the water surface to ensure the chalked section of the tape 
is partially submerged.  The steel tape shall contain even foot marks for measurement of depth 
to water below the reference point. 
 
For electrical tapes, the distance from the water surface to the reference point shall be 
recorded, as determined by the audio signal or meter.  For chalked steel tapes the distance 
between the reference point and the chalked line on the steel tape at the foot marker shall be 
recorded.   
 
Measurements shall be repeated at least a second time to ensure accuracy.  Remove all 
downhole equipment when measurements have been recorded.  Rinse all downhole equipment 
and store for transport to the next well location.  Equipment shall be decontaminated as 
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described for measurement at further locations.  Physical changes, such as erosion or cracks 
in the protective concrete pad or extreme variations in total depth to water shall be noted on 
the field sheet. 
 
In addition, at the time of the field measurements, any nearby wells in operation should be 
included in the field notes.  Lastly, if the selected well measured was in operations within the 
previous 4 hours of measurement, a note should be included in the field notes. 

 
5.1.3.          CALCULATION OF GROUNDWATER ELEVATION 

 
During the verification and final selection of each well, the selected well will be field surveyed 
using NAVD 88 Datum to establish the vertical elevation of the well casing or reference point.  
The groundwater elevation above mean sea level shall be calculated using the following 
equation:  

  
Ew = E - D 

 Where: 
  Ew = Elevation of groundwater above mean seal level (feet) or vertical datum 

                    E =  Elevation above sea level of well casing or reference point (feet) 
     D =  Depth to groundwater, see Section 5.1.2 (feet) 
 
The groundwater elevation calculated for each selected well will be plotted on the TBWQC 
GQTMP Well Map for preparation of groundwater elevation contours that are used to 
interpolate the groundwater elevation of the Northeast corner of each section.  With the known 
elevation of the northeast corner of each section, the calculated groundwater elevation of the 
NE corner will be utilized to compute the depth to groundwater and to arithmetically calculate 
the average depth to groundwater for each township and the entire TBWQC. 

 
5.2.       GROUNDWATER QUALITY  
 
The quality of groundwater at each selected well in the GQTMP shall be monitored according to 
the following schedule and protocols. 
 

5.2.1.       GROUNDWATER QUALITY SAMPLING SCHEDULE 
 

Wells selected for the GQTMP monitoring network will be sampled on an annual interval for a 
select group of water quality parameters and sampled every five years for a more extensive 
set of parameters.  The parameters to be analyzed and the frequency of sampling is identified 
in TABLE 10:  Trend Monitoring Constituents.  The sampling annually for groundwater 
quality will be conducted in the Fall of 2018 and in July starting in 2019initially during each 
phase from each selected well identified.  After completion of selection of all the wells to be 
included in the monitoring program, all of the selected wells will be monitored annually.  The 
secondary wells will be monitored every five (5) years after completion of field verification for 
alignment of the monitoring program schedule. 
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TABLE 10:  Trend Monitoring Constituents 

 
5.2.1.1. Annual Sampling 

 
Annual monitoring of GQTMP network wells will include sampling and laboratory analysis 
of the nitrate concentration of the groundwater; nitrate concentrations will be reported in 
units of milligrams per liter (mg/L) as nitrogen. Monitoring of select water quality 
parameters will be taken in the field at the time of the sampling. Field parameters to be 
measured at an annual frequency include electrical conductivity at 25 °C (EC) in µS/cm, 
pH, temperature (in °C), and dissolved oxygen (DO) in mg/L. The annual measurement 
of groundwater for these water quality parameters is consistent with sampling 
requirements specified in the General Order. Additional field testing for oxidation-
reduction potential (ORP or redox potential) may provide information relating to the 
groundwater quality that is helpful in understanding existing influences on groundwater 
quality from agricultural operations and potential for future impacts that may impact 
beneficial uses. Field turbidity in sampled water may indicate issues associated with the 
sample collection (suspended solids) or other characteristics of the water being tested 
that may affect the results of laboratory analyses.  Although not required by the General 
Order, field testing of samples for ORP and turbidity, when possible through coordination 
with the monitoring entity or through sampling by the Coalition, will be included in the 
annual monitoring.  

 
5.2.1.2. Five Year Sampling 

 
Every five years GQTM network wells will be tested for a more extensive set of 
groundwater quality constituents in addition to the laboratory and field water quality 
parameters included as part of the annual testing. The constituents to be tested for and 
analyzed in a laboratory every five years include total dissolved solids (TDS) and major 
cations such as boron, calcium, sodium, magnesium, and potassium and anions 
including carbonate, bicarbonate, chloride, and sulfate. Results from analyses of cations 

Trend Monitoring Constituents 

Annual Sampling Five Year Sampling 

Constituent Units Constituent Units 

Electrical Conductivity (EC) umhos/cm (at 25oC) Total Dissolved Solids 
(TDS) mg/L 

pH Standard Unit Carbonate mg/L 

Dissolved Oxygen (DO) mg/L Bicarbonate mg/L 

Temperature oC Chloride mg/L 

Nitrate as Nitrogen mg/L Sulfate mg/L 

  Boron mg/L 

  Calcium mg/L 

  Sodium mg/L 

  Magnesium mg/L 

  Potassium mg/L 
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and anions will be reported in mg/L. Groundwater quality testing in additional wells 
monitored within other groundwater monitoring programs may not align exactly with the 
frequency of testing for all water quality parameters specified in the WDRs, although 
coordination efforts with cooperating monitoring entities will focus on establishing a 
monitoring program that is consistent and compatible with the monitoring objectives for 
the GQTMP. 

 
5.2.2.       GROUNDWATER QUALITY SAMPLING PROTOCOLS 
 
The following groundwater quality sampling protocols describe the procedures to be utilized 
during sampling of groundwater monitoring wells for constituent analyses.  The laboratory 
completing the analysis must be certified by the appropriate state regulating agency for the 
laboratory analyses to be performed.  

 
5.2.2.1. SAMPLING WATER SUPPLY WELLS 

 
Water supply wells shall be sampled by purging the well for a period of time adequate to 
purge the pump riser pipe.  If the well is currently pumping, the sample may be taken 
without purging the well.  Water samples shall then be collected from the discharge point 
nearest the well head.  Samples shall be collected directly into laboratory-prepared bottles.  
Samples may not be taken from any location after any treatment of the water for domestic 
use, such as from a faucet within the house. 

 
5.2.2.2. SAMPLE CONTAINERS 

 
Appropriate pre-cleaned sample containers and preservatives for the analyses to be 
performed will be obtained from the subcontracted analytical laboratory.  Sample 
containers shall be labeled before sampling with self-adhesive tags having the following 
information written in waterproof ink: 

 
• Project number 
• Sample I.D. number 
• Date and time sample was collected 
• Sample Location 
• Sample Constituents 
• Initials of sample collector 

 
5.2.2.3. CONSTITUENT SAMPLING PROCEDURE PROTOCOLS 

 
Field measurements of temperature, pH, dissolved oxygen (DO), Electrical Conductivity 
(EC), will be conducted and recorded of aliquots of groundwater and not determined in the 
laboratory.  Field water quality measurements and instrument calibration details will be 
recorded on the WELL SAMPLING RECORD. 
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a. Temperature Measurements 
 

Temperature measurements shall be made with a mercury-filled thermometer or an 
electronic thermistor, and all measurements will be recorded in degrees Celsius. 

 
b. pH Measurement 

 
The pH measurement shall be made as soon as possible after collection of the sample, 
generally within a few minutes.  The pH will be measured by immersing the pH probe 
into an aliquot of groundwater. 

 
The pH meter shall be calibrated at the beginning of each sampling day, once during 
each sampling day and whenever appropriate, in accordance with the equipment 
manufacturer’s specifications, as outlined in the instruction manual for the specific pH 
meter used.  

 
c. Dissolved Oxygen 

 
Dissolved Oxygen (DO) shall be measured by immersing the conductivity probe into 
an aliquot of groundwater as soon as possible after collection of the sample, generally 
within a few minutes.  Measurements will be reported in units of mg/L. 

 
The DO meter shall be calibrated at the beginning and once during each sampling day 
in accordance with the equipment manufacturer’s specifications, as outlined in the 
instruction manual for the DO meter used.   

 
d. Electrical Conductivity 

 
Electrical Conductivity (EC) shall be measured by immersing the conductivity probe 
into an aliquot of groundwater.  The probes used should automatically compensate for 
the temperature of the sample.  Measurements will be reported in units of 
micromhos/cm at 25 degrees Celsius. 

 
The EC meter shall be calibrated at the beginning and once during each sampling day 
in accordance with the equipment manufacturer’s specifications, as outlined in the 
instruction manual for the EC meter used.   

 
5.2.2.4. WELL SAMPLING RECORD 
 
A Well Sampling Record shall be used to tabulate the following information for each 
sample: 

 
• Sample I.D. 
• Duplicate I.D., if applicable 
• Date and time sampled 
• Name of sample collector 
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• Well designation (State well numbering system for water supply wells) 
• Owner’s name, or other common designation 
• Well diameter 
• Depth to water on day sampled 
• Casing volume on day sampled 
• Method of purging (bailing, pumping, etc.) 
• Amount of water purged 
• Extraordinary circumstances (if any) 
• Field measurements temperature (ºC), pH (pH units), specific electrical 

conductivity (at 25ºC umhos/cm), and dissolved oxygen (mg/l) 
• Depth from which sample was obtained 
• Number and type of sample container(s) 
• Purging pump intake depth 
• Times and volumes corresponding to water quality measurements 
• Purge rate 
 
5.2.2.5. HANDLING, STORAGE, AND TRANSPORTATION 

 
Efforts will be made to handle, store, and transport supplies and samples safely.  
Exposure to dust, direct sunlight, high temperature, adverse weather conditions, and 
possible contamination shall be avoided.  Immediately following collection, samples 
shall be placed in a clean chest that contains ice or blue ice (if cooling is required), and 
transported to the subcontracted laboratory as soon as practical, or in accordance with 
the project QAPP.  If cooling is required, samples should be chilled at 4oC to prevent 
degradation. 
 
After samples have been collected and labeled, they shall be maintained under chain-
of-custody procedures.  These procedures document the transfer of custody of 
samples from the field to the laboratory.  Each sample sent to the laboratory for 
analysis shall be recorded on a CHAIN-OF-CUSTODY RECORD, which will include 
instructions to the laboratory for analytical services. 

 
   Information contained on the triplicate CHAIN-OF-CUSTODY RECORD shall include: 
          
   • Project number 
   • Signature of sampler(s) 
   • Date and time sampled 
   • Sample I.D. 
   • Number of sample containers 
   • Sample matrix (water) 
   • Analyses required 
   • Remarks, including preservatives, special conditions, or specific quality control 

measures 
   • Turnaround time and person to receive laboratory report 
   • Method of shipment to the laboratory 
   • Release signature of sampler(s), and signatures of all people assuming custody 
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   • Condition of samples when received by laboratory 
 

Blank spaces on the CHAIN-OF-CUSTODY RECORD shall be crossed out between 
the last sample listed and the signatures at the bottom of the sheet. 

 
The field sampler shall sign the CHAIN-OF-CUSTODY RECORD and record the time 
and date at the time of transfer to the laboratory or to an intermediate person.  A set of 
signatures is required for each relinquished/reserved transfer, including intermediate 
transfers.  The original imprint of the chain-of-custody record will accompany the 
sample containers.  A duplicate copy will be placed in the project file. 

 
If the samples are to be shipped to the laboratory, the original CHAIN-OF-CUSTODY 
shall be sealed inside a plastic bag within the ice chest, and the chest shall be sealed 
with custody tape which has been signed and dated by the last person listed on the 
chain-of-custody.  U. S. Department of Transportation shipping requirements shall be 
followed and the sample shipping receipt retained in the project file as part of the 
permanent chain-of-custody document.  The shipping company (e.g. Federal Express, 
UPS, DHL) will not sign the chain-of-custody forms as a receiver, instead the laboratory 
shall sign as a receiver when the samples are received. 

 
5.2.2.6. QUALITY ASSURANCE AND QUALITY CONTROL 

 
To evaluate the precision and accuracy of analytical data, quality control samples, as 
duplicates and blanks, shall be periodically prepared.  These samples will be collected 
or prepared and analyzed by the laboratory, as specified in the project Quality 
Assurance Project Plan (QAPP) or by the project manager.  
 
All instrumentation shall be operated in accordance with operating instructions as 
supplied by the manufacturer, unless otherwise specified in the Quality Assurance 
Project Plan (QAPP) or by the project manager. 
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6. GROUNDWATER QUALITY TREND MONITORING REPORTING 
 
All data, including the well information, sampling results, and historical results will be digitally 
stored and organized into a database managed by the TBWQC.  The data collected from 
GQTMP will be reported to the RWQCB as identified below. 
 
6.1 REPORTING REQUIREMENTS  

 
Annual reporting of the GQTMP results will be submitted by the Annual Monitoring Report 
and electronically in accordance with requirements specified in Attachment B Section V.B 
(page 23) of the General Order, which states: 
 

“Annually, by 1 May, the third-party shall submit the prior year’s groundwater monitoring 
results as an Excel workbook containing an export of all data records uploaded and/or 
entered into the State Water Board GeoTracker database.  If any data are missing from 
the report, the submittal must include a description of what data are missing and when 
they will be submitted to the Central Valley Water Board.  If data are not loaded into the 
GeoTracker database, this shall also be noted with the submittal.” 

 
6.1.1 ANNUAL MONITORING REPORT 
 
The Annual Monitoring Report, submitted May 1 each year for the previous hydrologic 
year, will include several visual and tabulated summaries for presentation of the results of 
the groundwater monitoring program and for identification of trends in groundwater 
quality over time as follows: 
 
• An overview map of the wells sampled and monitored as part of the TBWQC GQTMP 

network, distinguishing between those wells that are a part of other programs and 
those wells specifically identified as a part of the TBWQC monitoring program; 

• A tabulation consisting of both the field and laboratory analytical results of the 
constituents monitored for each well.  The tabulation will include results from the 
current year, and statistical analysis of multi-year data including the minimum, 
maximum, and mean result.  Inferential statistical methods may need to be revisited 
at some future time when sufficient data has been collected to understand the type of 
statistical analysis required to infer possible trends. 

• Current Year Isopleth Maps of Nitrate and EC concentrations with contours that 
present the spatial results and patterns in groundwater quality within the aquifer 
system; 

• Graphs identifying current year groundwater quality data for Nitrate and EC; 
• Graphs of time-series groundwater quality based upon the monitored results of 

groundwater in the GQTMP network.  Concentrations of Nitrate and EC will be 
interpolated to the NE section corner throughout the entire TBWQC area.  This 
interpolated data will be tabulated and graphed showing statistical trends in 
groundwater quality over time; 

• Groundwater level contours maps based upon the Spring and Fall depths to 
groundwater will be generated and provided as part of the annual report. 
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Groundwater elevation maps will also be presented to provide a hydrogeologic 
understanding of the Tule Subbasin groundwater conditions and for determination of 
regional groundwater flow directions;  
 

 
6.2 COORDINATION WITH OTHER GENERAL ORDER REQUIREMENTS  

 
Results from the GQTMP will be utilized and coordinated to supplement other requirements 
of the General Order, including the Groundwater Quality Assessment Report (GAR) Update, 
the Comprehensive Groundwater Quality Management Plan (CGQMP), and the Management 
Practice Evaluation Program (MPEP). 
 

6.2.1 GROUNDWATER QUALITY ASSESSMENT REPORT (GAR) 
 
Every five years, the General Order requires the GAR to be updated, specifically utilizing 
additional data collected during the previous 5-year period.  The GAR update will include 
discussion of results and findings from the GQTMP, including graphical and tabulated 
presentations.  The GAR update will incorporate data obtained and collected from the 
GQTMP network monitoring wells and that data will be analyzed statistically for trends.  
Findings related to groundwater quality trends, spatial patterns in trends, and statistical 
relationships between trends along with land use composition and management practices 
will be the focus of the GAR update.  A discussion of findings related to data gaps will be 
included and recommendations for addressing data gaps will be provided.  The need for 
refinements to the GQTMP design will be assessed and discussed in the GAR update 
along with recommendations on modifications of the groundwater trend monitoring 
program design, as needed.  

 
6.2.2 COMPREHENSIVE GROUNDWATER QUALITY MANAGEMENT PLAN 

(CGQMP) 
 
The TBWQC prepared a Comprehensive Groundwater Quality Management Plan 
(CGQMP) with the objective of the identification of areas within the TBWQC where 
groundwater quality results exceed the maximum contaminate level (MCL).  Further 
outreach and education of the growers is required in these areas for possible modification 
of irrigation and/or nitrogen management practices to better protect groundwater quality.  
The implementation of the GQTMP will monitor groundwater quality and provide current 
monitoring data that can be utilized as a primary data source for implementation of the 
CGQMP.   

 
6.2.3 MANAGEMENT PRACTICE EVALUATION PROGRAM (MPEP) 
 
The TBWQC has participated in the preparation of a Management Practice Evaluation 
Workplan (MPEP), in conjunction with the other Coalitions within the Tulare Lake Basin 
Region, with the objective of identification and tracking of irrigation and fertilizer 
management practices that are protective of groundwater quality.  The groundwater 
monitoring results collected as part of implementing the GQTMP can be utilized to assist 



TULE BASIN WATER QUALITY COALITION 
31 July 2018: Revised Groundwater Quality Trend Monitoring Workplan – Phase 1 

 
 

40 
 

in the SWAT modeling and be evaluated in comparison to changes in management 
practices over time. 
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Map Units-Central Tulare County
100 - Auberry sandy loam, 5 to 9 percent slopes

101 - Auberry sandy loam, 9 to 15 percent slopes

102 - Auberry sandy loam, 15 to 30 percent slopes

103 - Auberry sandy loam, 30 to 50 percent slopes

104 - Auberry-Rock outcrop complex, 9 to 50 perce*

105 - Blasingame sandy loam, 9 to 15 percent slop*

106 - Blasingame sandy loam, 15 to 30 percent slo*

107 - Blasingame sandy loam, 30 to 50 percent slo*

108 - Blasingame-Rock outcrop complex, 9 to 50 pe*

109 - Centerville clay, 0 to 2 percent slopes

110 - Centerville clay, 2 to 9 percent slopes

111 - Centerville clay, 9 to 15 percent slopes

112 - Centerville clay, 15 to 30 percent slopes

113 - Cibo clay, 15 to 30 percent slopes

114 - Cibo clay, 30 to 50 percent slopes

115 - Cibo-Rock outcrop complex, 15 to 50 percent*

115tw - Exeter loam, 2 to 5 percent slopes

116 - Cieneba-Rock outcrop complex, 15 to 75 perc*

117 - Clear Lake clay, drained

118 - Coarsegold loam, 15 to 30 percent slope

119 - Coarsegold loam, 30 to 50 percent slopes

120 - Coarsegold-Rock outcrop complex, 15 to 50 p*

124 - Exeter loam, 0 to 2 percent slopes

124tw - Hanford sandy loam, 0 to 2 percent slopes

125 - Exeter loam, 2 to 9 percent slopes

130 - Friant-Rock outcrop complex, 15 to 75 perce*

131 - Grangeville silt loam, drained

132 - Greenfield sandy loam, 0 to 2 percent slopes

133 - Greenfield sandy loam, 2 to 5 percent slopes

134 - Havala loam, 0 to 2 percent slopes

135 - Havala loam, 2 to 5 percent slopes

138tw - Tujunga loamy sand, 0 to 2 percent slopes

139 - Honcut sandy loam, 0 to 2 percent slopes

140 - Honcut sandy loam, 2 to 5 percent slopes

141 - Las Posas loam, 9 to 15 percent slopes

142 - Las Posas loam, 15 to 30 percent slopes

143 - Las Posas loam, 30 to 50 percent slopes

144 - Las Posas-Rock outcrop complex, 9 to 50 per*

145 - Lewis clay loam

146 - Pits

147 - Porterville clay, 0 to 2 percent slopes

148 - Porterville clay, 2 to 9 percent slopes

149 - Porterville clay, 9 to 15 percent slopes

150 - Porterville cobbly clay, 2 to 15 percent sl*

151 - Riverwash

152 - Rock outcrop

153 - San Emigdio loam

154 - San Joaquin loam, 0 to 2 percent slopes

155 - San Joaquin loam, 2 to 9 percent slopes

157 - Sesame sandy loam, 15 to 30 percent slopes

158 - Sesame sandy loam, 30 to 50 percent slopes

159 - Seville clay

161 - Trabuco loam, 15 to 30 percent slopes

164 - Tujunga sand

165 - Vista coarse sandy loam, 9 to 15 percent sl*

166 - Vista coarse sandy loam, 15 to 30 percent s*

167 - Vista coarse sandy loam, 30 to 50 percent s*

168 - Vista-Rock outcrop complex, 9 to 50 percent*

169 - Walong sandy loam, 15 to 30 percent slopes

171 - Walong-Rock outcrop complex, 15 to 50 perce*

172 - Wyman loam, 0 to 2 percent slopes

173 - Wyman loam, 2 to 5 percent slopes

174 - Wyman gravelly loam, 0 to 2 percent slopes

175 - Xerofluvents, flooded

176 - Yettem sandy loam, 0 to 2 percent slopes

177 - Yettem sandy loam, 2 to 5 percent slopes

178 - Water

179 - Dam

193nk - Chanac-Pleito complex, 2 to 5 percent slo*

195nk - Centerville-Delvar complex, 9 to 30 perce*

407nk - Centerville clay, 2 to 5 percent slopes

Map Units-Western Tulare County
101 - Akers-Akers, saline-Sodic, complex, 0 to 2 percent slopes

102 - Armona sandy loam, partially drained, 0 to 1 percent slopes

103 - Atesh-Jerryslu association, 0 to 2 percent slopes

104 - Biggriz-Biggriz, saline-Sodic, complex, 0 to 2 percent slopes

105 - Calgro-Calgro, saline-Sodic, complex, 0 to 2 percent slopes

106 - Centerville clay, 0 to 2 percent slopes

107 - Centerville clay, 2 to 5 percent slopes

108 - Colpien loam, 0 to 2 percent slopes

109 - Crosscreek-Kai association, 0 to 2 percent slopes

111 - Delvar clay loam, 2 to 9 percent slopes

112 - Dumps

113 - Excelsior fine sandy loam, 0 to 1 percent slopes

114 - Exeter loam, 0 to 2 percent slopes

115 - Exeter loam, 2 to 5 percent slopes

116 - Flamen loam, 0 to 2 percent slopes

117 - Gambogy loam, drained, 0 to 1 percent slopes

118 - Gambogy-Biggriz, saline-Sodic, association, drained, 0 to 2 percent slopes

119 - Gareck-Garces association, 0 to 2 percent slopes

120 - Gepford silty clay, partially drained, 0 to 1 percent slopes

121 - Gepford silty clay, partially drained, sandy substratum , 0 to 1 percent slopes

123 - Grangeville fine sandy loam, saline-sodic, 0 to 1 percent slopes

124 - Hanford sandy loam, 0 to 2 percent slopes

125 - Houser fine sandy loam, drained, 0 to 1 percent slopes

126 - Houser silty clay, drained, 0 to 1 percent slopes

127 - Kimberlina fine sandy loam, 0 to 2 percent slopes MLRA 17

128 - Lethent silt loam, 0 to 1 percent slopes

129 - Nahrub silt loam, overwashed, 0 to 1 percent slopes

130 - Nord fine sandy loam, 0 to 2 percent slopes

131 - Pits

132 - Quonal-Lewis association, 0 to 2 percent slopes

134 - Riverwash

135 - San Joaquin loam, 0 to 2 percent slopes

137 - Tagus loam, 0 to 2 percent slopes

138 - Tujunga loamy sand, 0 to 2 percent slopes

139 - Wasco sandy loam, 0 to 2 percent slopes

140 - Westcamp silt loam, partially drained, 0 to 2 percent slopes

141 - Posochanet silt loam, 0 to 2 percent slopes

143 - Yettem sandy loam, 0 to 2 percent slopes

144 - Youd loam, 0 to 1 percent slopes

145 - Water-perennial

166ki - Twisselman silty clay, saline-alkali

Map Units-NW Kern County
103tw - Atesh-Jerryslu association, 0 to 2 percen*

111tw - Delvar clay loam, 2 to 9 percent slopes

114tw - Exeter loam, 0 to 2 percent slopes

119tw - Gareck-Garces association, 0 to 2 percent*

125 - Granoso loamy sand, 0 to 2 percent slopes

129tw - Nahrub silt loam, overwashed, 0 to 1 perc*

130tw - Nord fine sandy loam, 0 to 2 percent slop*

154 - Exeter sandy loam, 0 to 2 percent slopes

155 - Exeter sandy loam, 2 to 9 percent slopes

166ki - Twisselman silty clay, saline-alkali

174 - Kimberlina fine sandy loam, 0 to 2 percent *

183 - Lethent silt loam

192 - McFarland loam

243 - Wasco sandy loam

257 - Water
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References:
- Tulare County Well Database
- Regional Water Quality Control Board - 
       Dairy Annual Reports Well Data
- Tulare County Groundwater Ambient 

  Monitoring and Assesment (GAMA)
       Program Data
- Kern County Groundwater Ambient

  Monitoring and Assesment (GAMA)
  Program Data

- Tulare County, Division of Drinking Water 
- Environmental Monitoirng Wells
- USGS Well Data
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Waste discharge facility locations
were derived from the State
Water Resources Control Board
California Integrated Water Quality
System Project (CIWQS) Facility Reports.

Disclamer: Waste Discharge Facility Locations were 
derived from the California Integrated Water Quality 
Project System Facility At-A-Glance Report and 
Geocoded based on the address reported. Accuracy of 
location is contigent upon the address given in the 
report.
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TBWQC DRINKING WATER SYSTEMS 
 

  



SYSTEM NUMBER SYSTEM NAME ADDRESS CITY STATE ZIP POPULATION SERVED CONNECTION AREA SERVED

5400544 ALLENSWORTH CSD 3336 RD 84 ALLENSWORTH CA 93219 400 110 ALLENSWORTH C.S.D.

5403054 PFFJ, LLC 3922 AVE 120 CORCORAN CA 93212 32 11 CLOUGHERTY PACKING
1502066 DELANO GROWER S GRAPE PRODUCTS 32351 BASSETT AVENUE DELANO CA 93215 41 1 DELANO GROWER S grape products

1503374 MARKO ZANINOVICH, INC. ‐ POND ROAD 1998 ROAD 152 DELANO CA 93215 30 14
5400886 COLUMBINE SCHOOL 2240 RD 160 DELANO CA 93215 160 2
5403022 APTCO LLC 391 RD 192 DELANO CA 93215 150 6
5403140 MONARCH NUT CO 786 RD 188 DELANO CA 93215 25 6
5401004 STYROTEK 545 RD 176 DELANO CA 93215 36 1
5400814 MADONNA MUTUAL WATER CO. RD 152 & AVE 8 DELANO CA 93215 70 22
1502633 JOSEPHINA AND ENRIQUE WATER SYSTEM P.O. BOX 163 DELANO CA 93215 48 10 CABRERA WATER SYSTEM

1503376 ALEXANDER'S MUSHROOMS CECIL AVENUE DELANO CA 93216 40 3
5400964 SIERRA VISTA ASSN COUNTY LINE RD DELANO CA 93215 44 13
5403139 TREEHOUSE CALIFORNIA ALMONDS LLC 6914 RD 160 EARLIMART CA 93219 100 4
5402007 LAMANUZZI & PANTALEO RD 168 & AVE 52 EARLIMART CA 93219 25 3
5400641 TEVISTON CSD 12934 AVE 80 PIXLEY CA 93256 500 105 TEVISTON C.S.D.
5403048 JD HEISKELL HOLDINGS LLC 11518 RD 120 PIXLEY CA 93256 60 4 J.D. HEISKELL & CO

5403132 CALGREN RENEWABLE FUELS 11704 RD 120 PIXLEY CA 93256 37 5 CALGREN RENEWABLE FUELS

5400774 PIXLEY PARK 850 N PARK DR PIXLEY CA 93256 50 4
5490011 PIXLEY PUD 232 EAST DAVIS PIXLEY CA 93256 0 0 WASTEWATER GENERATOR
5403151 ARCO AM PM ‐ PIXLEY 11901 RD 122 PIXLEY CA 93256 1000 1
5400682 PLAINVIEW MWC ‐ CENTRAL WATER RD 196 & AVE 195 PLAINVIEW CA 93267 170 42
5410026 POPLAR COMM SERVICE DIST P O BOX 3849 POPLAR CA 93257 2200 586 POPLAR
5490006 POPLAR CSD P.O. BOX 3849 POPLAR CA 93257 0 0 WASTEWATER GENERATOR
1502573 CLM ‐ HOBO CAMPGROUND 900 W GRAND AVE PORTERVILLE CA 93257 5200 9
1502684 OLD ISABELLA ROAD WATER SYSTEM 900 WEST GRAND AVENUE PORTERVILLE CA 93257 90 1
1503203 CLM ‐ SANDY FLAT CAMPGROUND 900 W. GRAND AVENUE PORTERVILLE CA 93257 500 10
1503205 USFS ‐ FRENCH GULCH CAMPGROUND 900 W. GRAND AVENUE PORTERVILLE CA 93257 1000 12
1503206 CLM ‐ MAIN DAM/PIONEER POINT CAMPGROUND 900 W. GRAND AVENUE PORTERVILLE CA 93257 278 16
5400518 LAKESIDE TRAILER PARK 29198 HWY 190 PORTERVILLE CA 93257 500 91
5400527 SHILOH WATER CO. 52 N WISCONSIN ST PORTERVILLE CA 93257 75 20
5400529 SHADY GROVE  MHP 1236 S MAIN ST PORTERVILLE CA 93257 137 40 SHADY GROVE M.H.P.

5400580 ALTA VISTA MHP 2373 E SPRINGVILLE AVE PORTERVILLE CA 93257 40 33
5400582 BIG STUMP TRAILER PARK 574 S MAIN ST PORTERVILLE CA 93257 175 51 BIG STUMP TRAILER PARK

5400600 GOLDEN KEY APARTMENTS 59 S INDIANA ST APT #8 PORTERVILLE CA 93257 48 16 GOLDEN KEY APARTMENTS

5400611 PORTERVILLE TRAILER PARK 1168 S MAIN ST PORTERVILLE CA 93257 50 25
5400660 LAKE SUCCESS MOBILE LODGE 30464 HWY 190   Space #1A PORTERVILLE CA 93257 40 18 LAKE SUCCESS MOBILE LODGE

5400663 FAIRWAYS TRACT MUTUAL 54 S DORRE ST PORTERVILLE CA 93257 250 58
5400665 DEL ORO RIVER ISLAND SERV TERR #1 31910 COUNTRY CLUB DR PORTERVILLE CA 93257 1442 416 RIVER ISLAND SERVICE TERR #1

5400666 DEL ORO GRANDVIEW GARDENS DISTRICT 1851 N MASTON ST PORTERVILLE CA 93257 389 119 GRANDVIEW GARDENS

5400718 WILLIAMS MUTUAL  WATER CO 19043 AVE 151 PORTERVILLE CA 93257 180 50
5400736 COFFEE CAMP CAMPGROUND 900 W. GRAND AVENUE PORTERVILLE CA 93257 95 1
5400769 FOOTHILL APARTMENTS 17852 ORANGE BELT DR PORTERVILLE CA 93257 82 14 R1
5400817 DEER CREEK/LEAVIS CAMPGROUND 900 W. GRAND AVENUE PORTERVILLE CA 93257 30 1
5400882 PLEASANT VIEW  ELEMENTARY 14004 RD 184 PORTERVILLE CA 93257 527 9 PLEASANT VIEW SCHOOL

5400931 TRUCKERS MINI MART 943 W WESTFIELD AVE PORTERVILLE CA 93257 25 2
5400975 THE SEAFOOD CAFE 1091 W OLIVE AVE PORTERVILLE CA 93257 50 1 THE SEAFOOD CAFE
5400981 VANDALIA SCHOOL 271 E COLLEGE AVE PORTERVILLE CA 93257 887 6
5400984 SUCCESS MARKET 28420 HWY 190 PORTERVILLE CA 93257 25 4 SUCCESS MARKET
5401041 CHUCK S HIDDEN LAKES 27298 AVE 146 PORTERVILLE CA 93257 3 10 CHUCK'S HIDDEN LAKES
5401053 ACID 1531 N MAIN ST PORTERVILLE CA 93257 50 1 CHARLIE'S
5401063 THARP REAL PROPERTIES 19230 AVE 152 PORTERVILLE CA 93257 35 3 THARP REAL PROPERTIES
5401080 LAKE EXPRESS MARKET 28779 HWY 190 PORTERVILLE CA 93257 25 4 LAKE EXPRESS MARKET

5401081 BIG MEADOW GUARD STATION 900 W. GRAND AVENUE PORTERVILLE CA 93257 25 5
5402025 LAKESIDE MINNIT MART 30311 AVE 160 PORTERVILLE CA 93257 25 1
5403007 E M THARP INC 15243 RD 192 PORTERVILLE CA 93257 65 4 E.M. THARP

5403038 SPRINGVILLE WATER CO 2373 E SPRINGVILLE AVE PORTERVILLE CA 93257 50 5
5403039 TEA POT DOME WATER CO 2405 S MAIN ST PORTERVILLE CA 93257 25 4 TEAPOT DOME WATER CO.

5403053 NS MINI MART 951 W TEAPOT DOME AVE PORTERVILLE CA 93257 140 2
5403068 RUSTLERS 29198 HWY 190 PORTERVILLE CA 93257 190 2 RUSTLERS
5403110 SIERRA MUTUAL WATER CO 30839 SUNSHINE DR PORTERVILLE CA 93257 39 15 SIERRA MUTUAL WATER CO

5403115 SPIEGELBERG WATER SYSTEM 28551 HWY 190 PORTERVILLE CA 93257 25 1 SPIEGELBERG WATER SYSTEM

5403120 PANADERIA LA CABANA 1146 E SUCCESS DR PORTERVILLE CA 93257 155 1 PANADERIA LA CABANA

5403131 SUNNY ACRES PRESCHOOL 1841 N WESTWOOD ST PORTERVILLE CA 93257 80 2 SUNNY ACRES WATER SYSTEM

5403149 RANCHO LOPEZ 1465 E TYLER AVE PORTERVILLE CA 93257 60 12
1000328 USFS‐CAMP 4‐1/2 900 W. GRAND PORTERVILLE CA 93257 25 15
5400504 A & A  MHP 1453 S PLANO ST PORTERVILLE CA 93275 200 60 A & A MHP

5400555 CITRUS SOUTH TULE SCHOOL 31374 SUCCESS VALLEY DR PORTERVILLE CA 93257 50 1
5400557 PORTERVILLE RACQUET CLUB ‐ INACTIVE 1163_  LINDA VISTA PORTERVILLE CA 93257 75 1
5400602 EAGLE'S NEST RESORT 27798 HWY 190 PORTERVILLE CA 93257 50 78
5400604 MOUNTAIN VIEW DUPLEXES 1395 S PIKE ST PORTERVILLE CA 93247 108 27 MOUNTAIN VIEW DUPLEXES

5400655 CENTRAL MUTUAL WATER CO 1527 S KESSING ST PORTERVILLE CA 93257 115 23 CENTRAL MUTUAL WATER CO.

5400712 VANDALIA IRRIGATION DISTRICT 2032 S HILLCREST ST PORTERVILLE CA 93257 100 17
5400767 DEL ORO EAST PLANO DISTRICT 1200 PAUL ST PORTERVILLE CA 93257 50 15
5400884 ROCKFORD SCHOOL 14983 RD 208 PORTERVILLE CA 93257 240 4
5400888 FROG MEADOW CAMPGROUND 900 W GRAND PORTERVILLE CA 93257 45 2
5400922 BARTLETT PARK 28801 N WORTH DR PORTERVILLE CA 93274 66000 60
5400935 CWS ‐ MULLEN WATER COMPANY 1393  State Street PORTERVILLE CA 93258 135 42 CWS‐Mullen Water Company

5400974 PASTIME BAR & GRILL 475 S MAIN ST PORTERVILLE CA 93257 40 1
5400979 WEST PUTNAM SCHOOL ‐ INACTIVE 589 W VINE PORTERVILLE CA 93257 500 5
5400985 BOB'S TINY MART 1391 E SPRINGVILLE DR PORTERVILLE CA 93257 25 3
5400994 HOPE ELEMENTARY SCHOOL 613 W TEAPOT DOME AVE PORTERVILLE CA 93257 100 1 HOPE ELEMENTARY SCHOOL

5401038 AKIN WATER CO 187 LINCOLN AVE PORTERVILLE CA 93257 50 22 AKIN WATER CO.

5402010 USFS ‐SPRINGVILLE RANGER STATION 900 W GRAND PORTERVILLE CA 93257 25 14
5402021 SUHOVY WATER SYSTEM ‐ INACTIVE 2300 W. MORTON, SP. 51 PORTERVILLE CA 93257 25 2
5403018 BLACKROCK STATION 900 W. GRAND PORTERVILLE CA 93257 32 15
5403019 HORSE MEADOW WORK CENTER 900 W. GRAND PORTERVILLE CA 93257 30 11
5403047 CASILLAS WATER SYSTEM 1293 E SPRINGVILLE AVE PORTERVILLE CA 93257 30 6 CASILLAS WATER SYSTEM

5403067 WATERTEK INC. 1200  BLK PAUL ST PORTERVILLE CA 93257 40 20
5403133 SUMMITT CHARTER ACADEMY 15550 REDWOOD ST PORTERVILLE CA 93257 250 6 SUMMITT CHARTER ACADEMY

5403156 PAN AMERICAN BALLROOM 1751 S MAIN ST PORTERVILLE CA 93257 750 2
5400661 PORTERVILLE ATHLETIC CLUB P O BOX 63 PORTERVILLE CA 93257 30 5
5400973 PORTERVILLE DRIVE IN 155 N. NEWCOMB PORTERVILLE CA 93288 90 1
5400982 EL DURANGO WATER SYSTEM 22117_  AVE PORTERVILLE CA 93257 25 7
5400991 CURVE INN CAFE 1289_  SPRINGVILLE         DR PORTERVILLE CA 93257 25 15
5402057 DEER CREEK RV PARK 10679 ORANGE BELT DR PORTERVILLE CA 93257 76 78
5410011 SPRINGVILLE PUD 35140 TULE RIVER DRIVE SPRINGVILLE CA 93265 1500 367 SPRINGVILLE PUD

5490017 River Island East 32903 Riverside Drive SPRINGVILLE CA 93265 0 0 River Island East

5402048 DEL ORO RIVER ISLAND SERV TERR #2 33354 GLOBE DR SPRINGVILLE CA 93265 99 30 RIVER ISLAND SERV. TERR. #2

5403136 COSTA S LAKE ESTATES  MUTUAL 16421 MUSTANG DR SPRINGVILLE CA 93265 80 25
5400562 SUNNYSIDE UNION ELEMENTARY 21644 AVE 196 STRATHMORE CA 93267 550 10
5403040 SUHOVY WATER SYSTEM 19177 RD 196 STRATHMORE CA 93267 30 2 SUHOVY'S WATER SYSTEM

5410039 PLAINVIEW MUTUAL WATER COMPANY 19762 AVENUE 195 STRATHMORE CA 93267 700 187 PLAINVIEW MUTUAL WATER COMPANY

5400558 SAUCELITO ELEM SCHOOL 17615 AVE 104 TERRA BELLA CA 93270 75 3
5402019 BLANCA MARKET & DELI 19185 AVE 96 TERRA BELLA CA 93270 25 3 BLANCA MARKET & DELI

5403051 FRIENDS RV PARK 9849 RD 232 TERRA BELLA CA 93270 24 44 FRIENDS RV PARK

5403112 BELL ACADEMY 10650 RD 256 TERRA BELLA CA 93270 320 13 T.B. PROPERTIES ‐ BELL ACADEMY

5410013 TERRA BELLA IRRIGATION DIST 24790 AVENUE 95 TERRA BELLA CA 93270 2364 524 TERRA BELLA

5410038 TERRA BELLA IRRIGATION DISTRICT ‐ TBT 24790 Avenue 95 TERRA BELLA CA 93270 2340 793 TBID‐TOWNSITE

5403128 MOZZARELLA FRESCA 615 N BURNETT RD TIPTON CA 93272 150 2 MOZZARELLA FRESCA

TBWQC Drinking Water Systems

Appendix A



5400920 TIPTON ELEMENTARY SCHOOL 370 N EVANS ST TIPTON CA 93272 480 7 TIPTON ELEMENTARY SCHOOL

5403119 VENTURA COASTAL, LLC 531 W POPLAR AVE TIPTON CA 93272 75 6 SUNKIST GROWERS

5403042 CALIFORNIA DAIRIES INC 11894 AVE 120 TIPTON CA 93272 100 2
5401006 UC DAVIS‐SCHOOL OF VET. MED. 18830 RD 112 TULARE CA 93274 70 17 U.C. DAVIS ‐ VET SCHOOL
5400792 WOODVILLE FARM LABOR CENTER 16153 RD 192 WOODVILLE CA 93257 725 181
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PLACE NAME AGENCY NAME ADDRESS COUNTY LATITUDE LONGITUDE
A W Coulter Trucking A W Coulter Trucking 9371 Road 234 Terra Bella, CA, 93720 Tulare 35.96109008790 ‐119.05107879600
Armstrong Olive Company Armstrong Olive Company 18589 Road 232 Porterville, CA, Tulare 36.12716293330 ‐119.05480957000
Alpaugh Disposal Area USA Transport Inc Alpaugh, CA, Tulare 35.88766860960 ‐119.48667144800
Cacciatore Fine Wines & Olive Cacciatore Fine Wines & Olive 1875 South Elm Pixley, CA, 93256 Tulare 35.95769539480 ‐119.28615912800
Euclid Packing Citrus Packinghouse Sun Pacific Shippers, L.P. 23744 Ave 181 Porterville, CA, 93257 Tulare 36.11904907230 ‐119.04136657700
Sierra Power Cogeneration Power Plant Sierra Forest Products 9000 Rd 234 Terra Bella, CA, 93270 Tulare 35.95644760130 ‐119.04556274400
PFFJ, LLC ‐ CA Div (formerly Corcpork, Inc, Clougherty Packing ‐ Farm DPFFJ, LLC. 3922 Ave 120 Corcoran, CA, 93212 Tulare 36.00738197570 ‐119.48454670600
Akins Dairy Truck Wash Akins, Rena 9968 Avenue 24 Tulare, CA, 93274 Tulare 35.83376728000 ‐119.34922322600
Deer Creek RV Park Cox, Randy & Diane 10679 Orange Belt Terra Bella, CA, 93257 Tulare 35.98333740230 ‐119.04904937700
Deer Creek, AD Lease (Filippi) Modus Inc & Campo Verde Inc Porterville, CA, Tulare 36.07096099850 ‐119.01618957500
Eagle's Nest Resorts Bowker, Victor V 27798 Hwy 190 Porterville, CA, 93257 Tulare 36.04543685910 ‐118.95270538300
Earlimart Facility Wilbur‐Ellis Company, Fresno 5613 Rd 160 Earlimart, CA, 93219 Tulare 35.89232526720 ‐119.21480700400
Earlimart SWDS Tulare Cnty Resource Management Agency Rd 136 & Ave 72 Earlimart, CA, 93219 Tulare 35.92081032690 ‐119.26818028100
Evaporation Basin Bowman Farms Inc Alpaugh Tulare (County), CA, Tulare 35.88766860960 ‐119.48667144800
Former R E Havens, Inc Silvas Oil Company Inc 336 South E Porterville, CA, 93257 Tulare 36.05968400000 ‐119.01948500000
Harmon Field Tulare Cnty Building Services & Parks Dept Airport Pixley, CA, 93256 Tulare 35.96020126340 ‐119.30899810800
Lakeside Trailer Park Hannegan, Joe & Brad 29198 Hwy 190 Porterville, CA, 93257 Tulare 36.05553817750 ‐118.92158508300
ARO Pistachio, Inc. Orandi Ranch Inc 19570 Ave 88 Terra Bella, CA, 93270 Tulare 35.95175170900 ‐119.13030242900
Mendes Calf Ranch #2 Mendes Calf Ranch 8385 Road 64 Pixley, CA, 93272 Tulare 35.93939267100 ‐119.42920871100
Parks Petroleum Products R M Parks Inc 1061 Main Porterville, CA, 93257 Tulare 36.08478546140 ‐119.02442932100
Pixley Facility Unocal DBG/AMG 12817 Rd 120 PO Box M Pixley, CA, 93256 Tulare 36.02272400000 ‐119.30464900000
Porterville Citrus Packing House Porterville Citrus Inc 9289 Clemens Terra Bella, CA, 93270 Tulare 35.95766320820 ‐119.04583118900
Porterville Citrus Packinghouse Magnolia Citrus Association 26454 Ave 128 Porterville, CA, 93257 Tulare 36.02234467860 ‐118.98091703700
Porterville Well Investigation Porterville City Prospect & Henderson Porterville, CA, 93257 Tulare 36.08041986820 ‐119.04396973600
CA Milk Pitigliano Reclamation Project Pitigliano, Charles Ave 120 at Hwy 99 Tipton, CA, 93272 Tulare 36.00756835940 ‐119.39669036900
Terra Bella Bakalian Recycling Project Bakalian, Albert Terra Bella, CA, 93270 Tulare 35.94333267210 ‐119.04781341600
River Island Water Line River Island Water Company Porterville, CA, Tulare 36.07096099850 ‐119.01618957500
Rockwell International Groundwater Cleanup System Rockwell Automation 914 West Pioneer Porterville, CA, 93257 Tulare 36.09116747980 ‐119.03821438600
Sequoia Dawn Apartments Ocean Park Manor LLC 35800 Hwy 190 Springville, CA, 93265 Tulare 36.13460922240 ‐118.81491088900
Setton Properties Terra Bella Facility Setton Properties, Inc 9370 Rd 234 Terra Bella, CA, 93270 Tulare 35.95959854130 ‐119.04820251500
Golden Valley Citrus Facility Golden Valley Citrus Inc 19979 Meredith Strathmore, CA, 93267 Tulare 36.15181350710 ‐119.06653595000
Oak Creek Jerseys Harbinder S. Brar FLP VII 8083 Avenue 160 Tipton, CA, 93272 Tulare 36.07642745970 ‐119.38677978500
South Valley Citrus Packers Visalia Citrus Packing Group 9600 Road 256 Terra Bella, CA, 93270 Tulare 35.96457200000 ‐118.99974000000
Strathmore Sunrise Handy Markets 23013 Ave 196 Strathmore, CA, 93627 Tulare 36.14514923100 ‐119.05797576900
Strathmore Dump Tulare Cnty Resource Management Agency Rd 256 & Ave 196 Strathmore, CA, Tulare 36.14550031720 ‐119.00016993300
Sun Orchard Strathmore Packing Plant Sun Orchard, Inc 22207 Ave 200 Strathmore, CA, 93267 Tulare 36.15154647830 ‐119.07592010500
Teapot Dome SWDS Tulare Cnty Resource Management Agency Rd 208 Ave 128 Porterville, CA, 93258 Tulare 36.10921096800 ‐119.10753631600
Terra Bella SWDS Tulare Cnty Resource Management Agency Rd 252 & Ave 84 Terra Bella, CA, 93270 Tulare 35.94275012610 ‐119.00918014300
Mozzarella Fresca Tipton Cheese Processing Plant Mozzarella Fresca Incporated 615 North Burnett Tipton, CA, 93272 Tulare 36.06464385990 ‐119.31539917000
Ventura Coastal Tipton Plant Ventura Coastal, LLC 11407 Ave 144 Tipton, CA, 93272 Tulare 36.05023900000 ‐119.31478800000
Tule River Dehydrator Tule River Dehydrator 17033 Rd 192 Porterville, CA, Tulare 36.09932810070 ‐119.14311759200
Porterville MS4 Phase II Porterville City 291 North Main Porterville, CA, 93257 Tulare 36.07092618940 ‐119.01624642300
USA Transport, Inc. USA Transport Inc 18402 Road 320 Springville, CA, 93265 Tulare 36.12614800000 ‐118.85451500000
Woodville Dehydrator Tule River Cooperative Dryer 16548 Road 168 Woodville, CA, 93258 Tulare 36.08829879760 ‐119.19512939500
Woodville Farm Labor Center Tulare Cnty Housing Authority Ave 160 at Rd 192 Woodville, CA, 93257 Tulare 36.08034240730 ‐119.14312402300
Woodville SWDS Tulare Cnty Resource Management Agency Rd 152, S of Ave 200 Woodville, CA, 93257 Tulare 36.08024978640 ‐119.23229980500
Porterville WWTF Porterville City 555 Prospect Porterville, CA, 93257 Tulare 36.07519894840 ‐119.04403343800
River Island East WWTF River Island East HOA 31989 River Island Porterville, CA, 93257 Tulare 36.10205121340 ‐118.85960474600
Earlimart WWTF Earlimart PUD 396 North Church 6 Earlimart, CA, 93219 Tulare 35.88725280760 ‐119.26769256600
Poplar WWTF Poplar CSD avenue 144 Poplar, CA, 93257 Tulare 36.05127800000 ‐119.14992000000
Springville WWTF Springville PUD 35140 Tule River Springville, CA, 93265 Tulare 36.12176132200 ‐118.82318878200
Strathmore  WWTF Strathmore PUD 19481 Road 224 Strathmore, CA, 93267 Tulare 36.14351212980 ‐119.07180704200
Woodville WWTF Woodville PUD ave 160 Woodville, CA, 93274 Tulare 36.08023200000 ‐119.22220500000
Dilday Horse Facility Not Available 32272 Avenue 176 Springville, CA, 93265 Tulare 36.10916900630 ‐118.85308075000
Mercedes Heifer Ranch Efigenia Trust Avenue 120 & Road 80 Tipton, CA, 93272 Tulare 36.00755967200 ‐119.39336970400
Richgrove CS Richgrove CSD Richgrove, CA, Tulare 35.79814910890 ‐119.10987854000
Tipton CSD CS Tipton CSD Tipton, CA, Tulare 36.06505966190 ‐119.31513214100
Porterville, City of CS Porterville City 291 North Main Porterville, CA, 93257 Tulare 36.07092618940 ‐119.01624642300
Earlimart CS Earlimart PUD Earlimart, CA, Tulare 35.87742996220 ‐119.26850891100
Woodville CS Woodville PUD Woodville, CA, 93257 Tulare 36.09466934200 ‐119.20188903800
Poplar CS Poplar CSD Porterville, CA, 93258 Tulare 36.06891632080 ‐119.01771545400
Strathmore WWTF CS Strathmore PUD Strathmore, CA, 93267 Tulare 36.14302444460 ‐119.08819580100
Success Resevoir Campground CS US Army Corps of Engineers Porterville Porterville, CA, 93258 Tulare 36.06891632080 ‐119.01771545400
Former Rose's Springville Service Station Marangi, Ronald 35601 State Highway 190 Springville, CA, 93265 Tulare 36.13015365600 ‐118.81818389900
Big B's Travel Center Amrik Bhandal 1164 North Front Earlimart, CA, 93219 Tulare 35.89331054690 ‐119.27568817100
Calash Richgrove Calash LLC 21645 Avenue 24 Richgrove, CA, 93263 Tulare 35.83409048620 ‐119.08880956500
SR 190, Post Mile 21.1‐26.4 Not Available Lake Success, CA, Tulare 36.07736968990 ‐118.91435241700
Springville Marangi Use Area Marangi, Ronald Springville, CA, Tulare 36.13512039180 ‐118.81371307400
Gutierrez Property Not Available 14300 Avenue 88 Pixley, CA, 93256 Tulare 35.95065600000 ‐119.25229600000
A Street Storm Water Outfall Structure Porterville City Porterville, CA, Tulare 36.07096099850 ‐119.01618957500
Plano Street Bridge Widening Project Porterville City Plano Porterville, CA, Tulare 36.06095123290 ‐119.00772857700
River Island District Water Treatment Plant Del Oro Water Company Springville, CA, Tulare 36.13512039180 ‐118.81371307400
Micke Farms Micke, Gerald 18794 Avenue 96 Terra Bella, CA, Tulare 35.96439555290 ‐119.15220692800
THP 4‐11‐021 TUL Dynamite Springs Mountain Home Demonstration State Forest Springville, CA, Tulare 36.13512039180 ‐118.81371307400
Former Levinson Property Rockwell Automation 914 West Pioneer Porterville, CA, 93257 Tulare 36.09116747980 ‐119.03821438600
J. D. Heiskell Pixley Mill J. D. Heiskell & Co., Inc. 11518 Road 120 Pixley, CA, 93256 Tulare 35.99848937990 ‐119.30250549300
Jaye Street Bridge Widening Porterville City Jaye Porterville, CA, Tulare 36.09992980960 ‐119.02674865700
THP 4‐14‐020 TUL Yellow Gate Sierra Forest Products Springville, CA, Tulare 36.13512039180 ‐118.81371307400
Project SL44‐720 SoCalGas North Berry Tipton, CA, 93272 Tulare 36.06573867800 ‐119.31983184800
32201 Pleasant Oak Dr Montgomery Drilling Co 32201 Pleasant Oak Dr Springville, CA, 93265 Tulare 36.09330368040 ‐118.85723877000
Desert Aggregates Bluestone Qu Desert Aggregates 6950 Old Stage Rd Ducor, CA, 93218 Tulare 35.91021560130 ‐118.92472073400
CALFTECH RNCH 1 Ted Greidanus 14180 Avenue 160 Tipton, CA, 93272 Tulare 36.08387756350 ‐119.25476074200
Deer Creek Rock Co Inc Jaxon Enterprises 27671 Avenue 120 Porterville, CA, 93257 Tulare 36.00900337100 ‐118.95654648500
E M Tharp Inc EM Tharp Inc 15243 Road 192 Porterville, CA, 93257 Tulare 36.06701278690 ‐119.14368438700
Hood Motors Hood, Harold And Louise 20990 Avenue 152 Porterville, CA, 93257 Tulare 36.06672286990 ‐119.10357666000
Home Depot Home Depot USA Inc 750 S Jaye St Porterville, CA, 93257 Tulare 36.05273437500 ‐119.02371978800
Meadow Breeze Unit 1 Smee Builders Pioneer Ave At Salisbury St Porterville, CA, 93257 Tulare 36.09119966630 ‐119.05699990700
Meadowood Phase 3 Nicholson & Smee LLC 800 W Of Newcomb Btw Pioneer Porterville, CA, 93257 Tulare 36.09373000000 ‐119.03450700000
Nec Lombardi & Westfield Ave Centex Homes Inc Nec Lombardi & Westfield Ave Porterville, CA, 93258 Tulare 36.08758342310 ‐119.06639280400
New Expressions Phase 3 Ennis Homes Indiana St & Springville Ave Porterville, CA, 93257 Tulare 36.05500996110 ‐119.03526999100
Porterville Ready Mix Inc Porterville Ready Mix 22157 Avenue 152 Porterville, CA, 93257 Tulare 36.06533813480 ‐119.07559967000
Park View Village Apartments Park View Village LP 550 W Springville Ave Porterville, CA, 93257 Tulare 36.05575942990 ‐119.02971649200
River Springs Phase 3 GW Homes Inc Date Ave & East Side Of Beverly Porterville, CA, 93258 Tulare 36.05858805320 ‐119.02018551500
SEPEDA BROS SEPEDA BROS. 18316 Road 128 Tulare, CA, 93274 Tulare 36.12215423580 ‐119.28190612800
Sierra Forest Prod Sierra Forest Product 9000 Road 234 Terra Bella, CA, 93270 Tulare 35.95644760130 ‐119.04556274400
Santa Fe Elementary Porterville Unified School District 286 E Orange Ave Porterville, CA, 93257 Tulare 36.06011621650 ‐119.01005253200
Smilodon Oil Co Smilodon Oil Co 23866 Avenue 112 Porterville, CA, 93257 Tulare 35.99502944950 ‐119.03949737500
Springville Dr & Indiana Ennis Development Corp Springville Dr & Indiana Porterville, CA, 93257 Tulare 36.05500996110 ‐119.03526999100
Treehouse California Almonds Treehouse California Almonds 6914 Road 160 Earlimart, CA, 93219 Tulare 35.91432952880 ‐119.21394348100
The Rnch Unit 3 Ennis Homes 643 N Westwood St Porterville, CA, 93257 Tulare 36.07927703860 ‐119.07159423800
Tract 744 Self Help Ent Church St At Bobbi Ave & Andrea Ave Earlimart, CA, 93219 Tulare 35.89434037930 ‐119.26814705900
Viking Ready Mix Viking Ready Mix 937 W Grand Ave Porterville, CA, 93257 Tulare 36.07680894430 ‐119.03791330800
Walmart DC 6021 Walmart Stores Inc 1300 S F St Porterville, CA, 93257 Tulare 36.04596710210 ‐119.01956176800
Williams Rnch Ennis Homes Westwood & Westfield Porterville, CA, 93257 Tulare 36.08756996690 ‐119.07079987200
Youngs Commercial Transfer Youngs Commercial Transfer Inc 44 S Lotas St Porterville, CA, 93257 Tulare 36.06507492070 ‐119.04969787600
Rd 224 Maximo Camacho Road 224 Porterville, CA, 93257 Tulare 36.11278915410 ‐119.07138061500
555 North Prospect Porterville City 555 N Prospect St Porterville, CA, 93257 Tulare 36.07519894840 ‐119.04403343800
32175 Pleasant Oak Drive Montgomery Drilling Co 32175 Pleasant Oak Dr Springville, CA, 93265 Tulare 36.09284591670 ‐118.85956573500
1875 Elm St Cacciatore Fine Wines & Olive 1875 Elm St Pixley, CA, 93631 Tulare 35.95769539480 ‐119.28615912800
Ave 120 Rte 99 Ca Dept of Transportation District 6 R5F Fresno Ave 120 Rte 99 Tipton, CA, Tulare 36.00756835940 ‐119.39669036900
Claremont Terrace Porterville Meadow Breeze Inv LP Brian Ave At Salisbury St Porterville, CA, 93258 Tulare 36.09323009850 ‐119.05688993600
Ethanol Plant Development Calgren Renewable Fules LLC Road 120 & Avenue 120 Pixley, CA, 93256 Tulare 36.00767031310 ‐119.30557027500
New Middle School Porterville Unified School District Nw Corner Of Prospect St & Castle Ave Porterville, CA, 93257 Tulare 36.09465830530 ‐119.04431982300
New Expressions Phase 4 Ennis Homes Indiana St & Springville Ave Porterville, CA, 93257 Tulare 36.05500996110 ‐119.03526999100
Sierra Meadows 1 Smee Builders Ne Corner Of Indiana St & Gibbons Ave Porterville, CA, 93257 Tulare 36.04039904840 ‐119.03535679500
Corcpork Feedmill Corcpork Co 10990 Angiola Dr Corcoran, CA, 93212 Tulare 35.99087142940 ‐119.47881317100
Fairchild Fastener Div Fairchild Fastener 914 Pioneer Ave Porterville, CA, 93257 Tulare 36.09116747980 ‐119.03821438600
Corcpork Co Corcpork Co 3922 Avenue 120 Corcoran, CA, 93212 Tulare 36.00738197570 ‐119.48454670600
Calftech Rnch 2 CALFTECH CORPORATION 14799 Avenue 136 Tipton, CA, 93272 Tulare 36.03293228150 ‐119.24598693800
Correa Pallet Inc Correa Pallet Inc 13036 Ave 76 Pixley, CA, 93256 Tulare 35.92894700000 ‐119.28089100000
Tipton Self Help Enterprises Smith Rd & Klindera Ave Tipton, CA, 93272 Tulare 36.06011018160 ‐119.30711992100
Sequoia Village @ Rivers Edge Pacific West Communities Inc 424 S E St Porterville, CA, 93257 Tulare 36.05805200000 ‐119.01938600000
Porterville 96 Bed Expansion CA Dept of Developmental Services 26501 Ave 140 Porterville, CA, 93258 Tulare 36.04386404160 ‐118.98034103200
Porterville College Library Kern Community College Dist 100 E College Ave Porterville, CA, 93301 Tulare 36.04960250850 ‐119.01266479500
Porterville Sierra Estates K Hovnanian Companies of California Inc 815 E Grand Ave SEC Grand & Leggett Porterville, CA, 93257 Tulare 36.07630100000 ‐118.99970200000
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Jim Aartman Inc Jim Aartman Inc 391 S Graham Rd Tipton, CA, 93272 Tulare 36.05655826630 ‐119.31186407800
Lowes HIW Porterville II Lowes HIW Inc SWC Springville & Jaye St Porterville, CA, 93257 Tulare 36.05492991260 ‐119.02622267100
Ethanol Plant Development Pixley Ethanol LLC 11813 Rd 120 Pixley, CA, 93256 Tulare 36.00665664670 ‐119.30448913600
Magnet Academy Porterville Unified School District 22568 Ave 196 Strathmore, CA, 93267 Tulare 36.14556737240 ‐119.06842745800
Mirage Vista Apartments Pixley Partners Invester LP SWC Terra Bella Ave & Elm St Pixley, CA, 93256 Tulare 35.96433237630 ‐119.28620035100
CA Dept of Transportation Proj Plus Plans for Const on State Hwy SR 1Ca Dept of Transportation District 6 R5F Fresno Ste Rte 190 Btw Jct SR 65 & Jaye St Porterville, CA, 93257 Tulare 36.06249200000 ‐119.02596200000
Porterville Marketplace Grand Prospect Partners LP 1363 W Henderson Ave Porterville, CA, 93257 Tulare 36.07831192020 ‐119.04728698700
Public Improvement Plans Riverwalk Marketplace Porterville City Jaye St Springville Ave Vandalia Ave Poplar Ave & Kessing Ave Porterville, CA, 93257 Tulare 36.05492991260 ‐119.02622267100
State CA Dept Transportation Project State Highwat SR 190 Ennis Commercial Properties LLC 190 Junction SR 65 & Jaye St Porterville, CA, 93257 Tulare 36.06249200000 ‐119.02596200000
Sunrise Villa Smee Builders Inc 444 N Prospect Ste A Porterville, CA, 93257 Tulare 36.07393646240 ‐119.04341125500
Porterville Marketplace Target T2420 Porterville Target Corp 1363 W Henderson Ave SWC Henderson & Prospect Porterville, CA, 93257 Tulare 36.07831100000 ‐119.04728600000
Pixley WWT & Disposal Facilities Upgrade & Expansion Pixley Public Utility District 2051 W Terra Bella Ave Pixley, CA, 93256 Tulare 35.96426010130 ‐119.31412652100
CVS Pharmacy SEC Olive Ave & Main St Armstrong Dev 53 E Olive Ave Porterville, CA, 93257 Tulare 36.06495666500 ‐119.01548767100
CVS Pharmacy NEC Henderson Ave & Westwood St Armstrong Dev 800 N Westwood St Porterville, CA, 93257 Tulare 36.08060073850 ‐119.07046508800
CVS 02944 Porterville Armstrong Dev S Main & Olive Ave Porterville, CA, 93257 Tulare 36.06512993570 ‐119.01638992100
Earlimart Auto Dismantler Earlimart Auto Dismantler 314 N Front Rd Earlimart, CA, 93219 Tulare 35.88615036010 ‐119.27381134000
Sierra View District Hospital Sierra View District Hospital 465 W Putman Ave Porterville, CA, 93257 Tulare 36.06951534750 ‐119.02710065200
Pixley Substation Southern California Edison Terra Bella Ave & Airport St Pixley, CA, 93256 Tulare 35.96430972220 ‐119.30406019100
Henderson Ave Reclamation Porterville City Henderson Ave at Jaye St Porterville, CA, 92357 Tulare 36.08054995540 ‐119.02632013000
Sierra View District Hospital Sierra View District Hospital 176 N Kessing St Porterville, CA, 93257 Tulare 36.06896683570 ‐119.02502194000
SA Recycling LLC 48 SA Recycling LLC 22045 Ave 152 Porterville, CA, 93257 Tulare 36.06384658810 ‐119.07889556900
Villa Siena Apartments Pacific West Communities Inc 131 W Putnam Ave Porterville, CA, 93257 Tulare 36.06951141360 ‐119.01971435500
Walgreens Store #09844 Stockton Metropolitan Airport NWC Jaye & Olive Porterville, CA, 93257 Tulare 36.06579414340 ‐119.02606145200
Walgreens, Store 09844 Walgreen Co. NWC Jaye & Olive Porterville, CA, 93257 Tulare 36.06579414340 ‐119.02606145200
Ranch Victoria Smee Builders Salisbury St and Morton Ave Porterville, CA, 93257 Tulare 36.07308000330 ‐119.05714005200
Delano Earlimart Irrigation District Delano Earlimart Irrigation District Road 176 Avenue 32 Earlimart, CA, 93219 Tulare 35.88462829590 ‐119.17923736600
Northwest Elementary School Burton Elementary School District 1509 Lombardi Street Porterville, CA, 93257 Tulare 36.09324552120 ‐119.06641982500
Martin Hill Reservoir Improvements City of Porterville 688 East Worth Avenue Porterville, CA, 93257 Tulare 36.04408465330 ‐119.00196500100
Rocky Hill Zone 1 Tank and Booster Pump City of Porterville 1701 East Putnam Avenue Porterville, CA, 93257 Tulare 36.06940738860 ‐118.98020558100
Jaye St Improvements Project City of Porterville 1011 S Jaye St Porterville, CA, 93257 Tulare 36.04753112790 ‐119.02684783900
Granite Hills High School Porterville Unified School District 1701 E Putnam Avenue Porterville, CA, 93257 Tulare 36.06940738860 ‐118.98020558100
Tipton Substation Southern California Edison Callison Rd and Highway 190 Tipton, CA, 93272 Tulare 36.05129898180 ‐119.30385678800
Porterville Adult School Porterville Unified School District 900 Pioneer Avenue Porterville, CA, 93257 Tulare 36.09218597410 ‐119.03773498500
TULARE COUNTY SUPERIOR COURT SOUTH COUNTY JUSTICE CENTER Admistrative Office of the Courts 300 E Olive Ave Porterville, CA, 93257 Tulare 36.06514334680 ‐119.01265226300
Wellhead Power Delano Wellhead Power Delano LLC County Line Road and Casey Avenue Earlimart, CA, 93219 Tulare 35.79035182560 ‐119.29435545200
bla Neville Chemical Co Pixley, CA, Tulare 35.96781158450 ‐119.29312896700
PPUD WWTP Improvements Pixley Public Utility District Terra Bella Avenue and Airport Road Pixley, CA, 93256 Tulare 35.96430972220 ‐119.30406019100
Alpaugh PG&E Access Road GCL Solar Energy Inc Ave 60 Alpaugh, CA, 93201 Tulare 35.89913940430 ‐119.18836975100
Olive Switchyard Dashiell Corporation 5501 Road 50 Alpaugh, CA, 93201 Tulare 35.88947676120 ‐119.46060329700
337414TU190 Lake Success Rehab Caltrans District 06 Highway 190 Porterville, CA, 93257 Tulare 36.06938934330 ‐118.90358734100
Porterville Site ImMODO California I LLC 2103 North Main Street Porterville, CA, 93257 Tulare 36.10364243390 ‐119.03913974800
Plano Bridge Quad Knopf Inc. Porterville, CA, Tulare 36.07096099850 ‐119.01618957500
Island Annexation Sewer Project Area 458A and 458B City of Porterville Newcomb Street and Putnam Avenue Porterville, CA, 93257 Tulare 36.06948986650 ‐119.05296988800
Family Dollar Boos Development West LLC 9537 Clemens Road Terra Bella, CA, 93270 Tulare 35.96307373050 ‐119.04598236100
Les Schwab Porterville SFP E LLC Jaye Street Porterville, CA, 93257 Tulare 36.09816100000 ‐119.02672300000
Plano Street Bridge City of Porterville 617 South Plano Street Porterville, CA, 93257 Tulare 36.05575180050 ‐119.01138305700
AutoZone Store 4083 Earlimart Autozone Inc 550 Sierra Avenue Earlimart, CA, 93219 Tulare 35.89193500580 ‐119.27186429500
City of Porterville City of Porterville 291 North Main Street CA, 93257 Tulare 36.07092618940 ‐119.01624642300
Sewer Improvements Annexation Area 455A City of Porterville North Grand Avenue Porterville, CA, 93257 Tulare 36.09823989870 ‐119.03787994400
Earlimart Dollar General Embree Asset Group 536 Sierra Ave Earlimart, CA, 93219 Tulare 35.89193500580 ‐119.27207887200
Terra Bella Elementary School Modular Building Install Terra Bella Union Elementary School District 9364 Road 238 Terra Bella, CA, 93270 Tulare 35.95967486500 ‐119.03998464300
CED White River Solar 2 PV Solar Project CED White River Solar 2 LLC 4800 Road 50 Alpaugh, CA, 93201 Tulare 35.87785005570 ‐119.46051746600
Chase Park Improvements Project City of Porterville Corner of Chase and South Plano Porterville, CA, 93257 Tulare 36.05377673390 ‐119.00814071700
Porterville Site Phase II ImMODO California I LLC 860 W North Grand Ave Porterville, CA, 93257 Tulare 36.09827667470 ‐119.03679013300
Alpaugh Education Center Alpaugh Unified School District 5313 Road 39 Alpaugh, CA, 93201 Tulare 35.88615149260 ‐119.48489539300
The Recycle Depot The Recycle Depot Inc 81 E Gibbons Ave Porterville, CA, 93257 Tulare 36.03844451900 ‐119.01683044400
Pixley Biogas Pixley Biogas LLC 11704 Road 120 Pixley, CA, 93256 Tulare 36.00212860110 ‐119.30290222200
Calgren Renewable Fuels J D Heiskell and Company 11704 Road 120 Pixley, CA, 93256 Tulare 36.00212800000 ‐119.30290200000
Morton Ave Shoulder Stabilization City of Porterville Morton Avenue and Mathew St Porterville, CA, 93257 Tulare 36.07310011980 ‐119.06188018600
Riverview Estates Phase 5 Smee Builders Inc S parkwest street Porterville, CA, 93257 Tulare 36.06101700000 ‐119.05949700000
Strathmore Safe Routes to School Tulare County Resource Management Agency 23034 Avenue 198 Strathmore, CA, 93267 Tulare 36.14923462270 ‐119.05755110100
The Village at Henderson Pacific West Communities Inc 1711 W Henderson Avenue Porterville, CA, 93257 Tulare 36.08028508720 ‐119.05556894800
Strathmore Dollar General Embree Asset Group 22817 Ave 196 Strathmore, CA, 93267 Tulare 36.14550367000 ‐119.06162403500
Newcomb Court Apartments Pacific West Communities Inc Newcomb and Henderson Porterville, CA, 93257 Tulare 36.08035013080 ‐119.05286997600
North Grand Reconstruction City of Porterville North Grand between Newcomb and Prospect Porterville, CA, 93257 Tulare 36.09829578430 ‐119.04441590400
ALIUS Pixley Air Liquide Industrial 11754 Road 120 Pixley, CA, 93256 Tulare 36.00367449220 ‐119.30381275700
SL 38 546 Ave 96 and Rd 176 Pressure Betterment Terra Bella Southern California Gas Company Distribution Ave 96 and Rd 176 Tulare, CA, 93270 Tulare 35.96438414670 ‐119.17871048100
Porterville Concrete Pipe Inc Porterville Concrete Pipe Inc 474 S Main Street Porterville, CA, 93257 Tulare 36.05725899340 ‐119.01656426500
Tri K Truss Co Tri K Truss Co 461 S Main St Porterville, CA, 93257 Tulare 36.05696797370 ‐119.01668228200
Pipeline Safety Replacement Project SL44 720 Southern California Gas Company PSEP Avenue 152 and Golden State Highway 99 Tipton, CA, 93272 Tulare 36.06573867800 ‐119.31215667700
Transit CNG Facility Expansion City of Porterville 555 N Prospect Street Porterville, CA, 93257 Tulare 36.07519894840 ‐119.04403343800
Hyder Ranch Sports Park Tule River Tribal Council Road 296 and Reservation Drive Porterville, CA, 93257 Tulare 36.02555997670 ‐118.91073033200
Tipton Dollar General Embree Asset Group 816 Burnett Road Tipton, CA, 93272 Tulare 36.06667709350 ‐119.31523132300
JD Heiskell Pixley JD Heiskell Holdings LLC 11518 Road 120 Pixley, CA, 93256 Tulare 35.99848900000 ‐119.30250500000
South County Detention Facility County of Tulare Capital 1960 W Scranton Avenue Porterville, CA, 93257 Tulare 36.03682257240 ‐119.05257962600
Beckman Coulter Beckman Coulter Inc 167 W Poplar Avenue Porterville, CA, 93257 Tulare 36.04932785030 ‐119.01979827900
Frings Land Company LP Frings Land Company LP 14998 Ave 192 Tulare, CA, 93274 Tulare 36.14199066160 ‐119.23943328900
Springville Utility District Water Treatment Plant Springville Public Utility District 37206 Highway 190 Springville, CA, 93265 Tulare 36.13430276510 ‐118.78975331800
Corral Material Yard Southern California Edison Old Stage Road Porterville, CA, 93257 Tulare 35.94950103760 ‐118.95088958700
Communication Line Install AT&T Project No A008T0R Pacific Bell Telephone Co dba AT&T California 934 W Scranton Ave Porterville, CA, 93257 Tulare 36.03787994380 ‐119.03850555400
Force Main Extension   Phase II EARLIMART PUBLIC UTILITY DISTRICT Sutter and Front Delano, CA, 93219 Tulare 35.88783744660 ‐119.27461169200
Richgrove Community Park richgrove community services district 20901 Dooley Drive Richgrove, CA, 93261 Tulare 35.79576037820 ‐119.10579465300
Alba Residence Demolition Project Allright Construction Inc Hwy 190   Lake Success Porterville, CA, 93257 Tulare 36.06342100000 ‐118.90967500000
EW Merritt Farms EW Merritt Farms 11188 Road 192 Porterville, CA, 93257 Tulare 35.99317230280 ‐119.14332144000
CED Ducor Solar 1 LLC CED Ducor Solar 1 LLC 22389 Avenue 32 Ducor, CA, 93218 Tulare 35.84858581420 ‐119.07212823600
CED Ducor Solar 2 LLC CED Ducor Solar 2 LLC 22493 Avenue 32 Ducor, CA, 93218 Tulare 35.84858514370 ‐119.06915366600
CED Ducor Solar 3 LLC CED Ducor Solar 3 LLC 22917 Avenue 32 Ducor, CA, 93218 Tulare 35.84858916700 ‐119.05996576000
CED Ducor Solar 4 LLC CED Ducor Solar 4 LLC 3240 Road 240 Ducor, CA, 93218 Tulare 35.84945283830 ‐119.03672240700
Pixley Dollar General Embree Asset Group 504 E Howard Avenue Pixley, CA, 93256 Tulare 35.97378931940 ‐119.29194599400
DairyExperts DairyExperts Inc 17601 Road 112 Tulare, CA, 93272 Tulare 36.10938772560 ‐119.32195521900
Earlimart Neighborhhod Park Tulare County Resource Management Agency 1090 School Avenue Earlimart, CA, 93219 Tulare 35.88109485810 ‐119.26617667100
0J5304 Tu Roundabout Caltrans District 06 Rd 284/ Hwy 190 Porterville, CA, 93257 Tulare 36.04225158690 ‐118.93733978300
Santa Barbara Transportation dba STA Porterville Facility Santa Barbara Transportation 249 S Western Street Porterville, CA, 93117 Tulare 36.06094770130 ‐119.02839548900
6021 500 DC Pallet Processing Building Addition Walmart Stores Inc 1300 S F Street Porterville, CA, 93257 Tulare 36.04596710210 ‐119.01956176800
6021 500 DC Building Addition Wal Mart Real Estate Business Trust 1300 S F Street Porterville, CA, 93257 Tulare 36.04596710210 ‐119.01956176800
Pine Mountain California Department of Forestry & Fire Protection a Porterville, CA, Tulare 36.07096099850 ‐119.01618957500
AG RECYCLING AG RECYCLING 774 W OLIVE AVE Porterville, CA, 93257 Tulare 36.06629900000 ‐119.03472900000
GARCIAS RECYCLING GARCIAS RECYCLING 299 SOUTH MAIN 299 SOUTH MAIN Porterville, CA, 93257 Tulare 36.06041300000 ‐119.01696700000
Poplar Dollar General Embree Asset Group State Route 190 and Road 192 Poplar, CA, 93257 Tulare 36.05124962030 ‐119.14309173800
Central Iron and Metal Towing and Storage Central Iron and Metal Towing and Storage 81 E Gibbons Porterville, CA, 93257 Tulare 36.03844451900 ‐119.01683044400
Jaye Street Bridge Project City of Porterville 580 S Jaye Street Porterville, CA, 93257 Tulare 36.05561828610 ‐119.02549743700
East Porterville Water Supply System Phases 1B and 1C Department of Water ResourcesDivision of Engineering 1901 E Crabtree Ave Porterville, CA, 93257 Tulare 36.05741500850 ‐118.97579193100
Recycling Cabrera Recycling Cabrera 700 S Plano St Porterville, CA, 93257 Tulare 36.05279244480 ‐119.00810457800
Tipton Elementary School Tipton Elementary School District 370 N. Evans Road Tipton, CA, 93272 Tulare 36.06193207200 ‐119.31020580200
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7.31.18   Status Member Latitude Longitude Township Range Section Quadrant Well Log # State Well # Well Address Well Type Static Water 
Level

Well Depth Perforation Well Seal Casing

N/A

N/A

Proposed X 36.145189 -119.091003 20S 27E 31 3 482061 20S27E013I001M 20743 Rd 232, Strathmore, CA Irrigation 300 Screen (118'-290') N/A A/252 (0'-118', 290'-300')
Candidate X 36.165987 -119.054748 20S 27E 28 3 E0016727 20S27E028E001M 21525  Ave 196, Strathmore, CA 93267 Domestic 304 PVC Screen (204'-224', 244'-264', 284'-304') Cement (0'-20') PVC (0'-204', 224'-244', 264'-284')

Proposed X 36.175531 -119.030818 20S 27E 22 4 349117 20S27E022D001M 24252 Ave 212, Lindsay, CA 93247 Irrigation 200 Perf (40'-200') Cement (0'-20') PVC (0'-200')
Proposed X 36.140927 -119.016815 20S 27E 35 4 E0159252 20S27E035Q001M 350' E of Rd 248 & .3 mi S of Ave 196, Strathmore, CA Irrigation 339 Screen (105'-145', 195'-295', 315'-335') Cement (0'-22') Steel (0'-105', 140'-195', 295'-315')

Proposed X 36.1204 -119.249 21S 25E 11 1 489364 21S25E011F001M 18170 Rd 144, Tulare, CA Domestic 252 N/A Cement (0'-50') Cal Wels (0'-248')
Proposed X 36.09550833 -119.2186111 21S 25E 13 1 153207 3/4 miles E of Rd 152, 250' N of ave 168 Domestic 124 N/A N/A Steel (0-108)
Proposed X 36.120833 -119.231874 21S 25E 12 1 243330 21S25E12D001M Irrigation 425 Louver (210'-420') Gravel (0'-420')
Proposed X 36.09484167 -119.2191667 21S 25E 12 1 488425 15754 Ave 160, Tulare, CA Irrigation 257 Steel Screen (175'-225') Cement (0'-20')

Complimentary 36.109227 -119.298933 21S 25E 8 2 E001212 21S25E008P001M 12212 Avenue 176, Tulare, CA Public 480 Louver (300'-460') Cement (0'-50') Steel (0'-300', 460'-480')
Candidate X 36.1308 -119.28629 21S 25E 5 2 E006010 Rd 128 and 1 mile north of Ave 180 Irrigation 600 Screen (200-600) Cement (0-20) Plastic (0-25), Steel (200-600)
Complimentary 36.1308 -119.28629 21S 25E 5 2 154859 1.2 mi north 184 on road 128 w side Domestic 240 clean cut (192-234) cement (0-20) steel (0-234)

Complimentary 36.064 -119.289 21S 25E 32 3 56124 21S25E032A001M 12565 Ave 152, Tipton, CA 93272 Public 580 Steel Screen (410'-560') Cement (0'-50') Steel (0'-410', 560'-580')
Candidate X 36.090905 -119.286143 21S 25E 20 3 519754 21S25E020A001M 16500 Rd 128 Vieira Trucking, Tipton, Ca Domestic 273 Louver (203'-263') Cement (0'-20') Steel (0'-203', 263'-273')

Proposed X 36.060382 -119.2302192 21S 25E 36 4 E0084286 1/4 mi S. and 550 ft E of rd 152 and ave 152 Domestic 650 Screen (320-640) Cement (0-50) Steel (0-640)
Proposed X 36.08380556 -119.2502778 21S 25E 22 4 129332 40' W of rd 144, 1/4 mi N of ave 160 Irrigation 517 slot(262-402, 432-462, 482-506) NA NA
Complimentary 36.078361 -119.228755 21S 25E 25 4 3243 21S25E025D001M 14808 Rd 152, Tipton,CA 93272 Public 520 Ful-Flo (300'-500') Cemenet (0'-50') Steel (0'-300', 500'-520')

Proposed X 36.117461 -119.125431 21S 26E 11 1 E0212720 21S26E011H001M 18051 Road 200, Porterville, CA Domestic 250 Screen PVC (190'-250') Bentonite (0'-20') PVC (0'-190')
Candidate X 36.107517 -119.148067 21S 26E 15 1 565211 21S26E015B002M .25 mi W of Rd 192, 450' S of Ave 176, Strathmore, CA Domestic 212 NULL Cement (0'-20') Steel (0'-212')

Proposed X 36.12420729 -119.1878316 21S 26E 5 2 E0264833 21S26E05P001M 17422 Ave 184, Woodville Domestic 500 Screen (160'-180', 200'-280', 3340'-360', 280'-500') Cement (0'-20') PVC SDR 17
Proposed X 36.112704 -119.178767 21S 26E 8 2 488430 21S26E08R001M 17095 Ave 184 Strathmore, CA 93267 Irrigation 325 Mill (150-210) Cement (0-100') steel (0-325)
Proposed X 36.094594 -119.176583 21S 26E 16 2 E0114156 21S26E016N003M 17612 Ave 168, Porterville, CA Domestic 262 Steel Screen (184'-262') cement (0'-50') Steel (0'-184')

Proposed X 36.064527 -119.1829 21S 26E 32 3 E049930 21S26E032B002M 174327 Ave 152, Poterville CA Domestic 280  Louver screen (200'-260') cement (0'-20') Steel (0'-200'), steel (260'-280')
Candidate 36.06608866 -119.1923731 21S 26E 29 3 E0003215 21S26E29N001M .25 mi N of Ave 152 & .5 mi E of Rd 168 Irrigation 440 Louver (200'-440') Cement (0'-50') Steel

Proposed X 36.09177 -119.11424 21S 26E 24 4 508057 21S26E024B001M .25 mi N of Ave 164, .125 mi E of Rd 204 Domestic 300 screen (140'-300') cement (0'-20') A53B (0'-140')
Proposed X 36.060209 -119.107592 21S 26E 36 4 29615 21S26E036H004M 14905 Rockford Ave, Porterville, CA Domestic 152 N/A N/A Steel (0'-11')

Candidate X 36.1302 -119.039 21S 27E 3 1 E0032171 21S27E003M001M 23869 Avenue 188 Porterville, CA 95324 Domestic 165 Steel (88'-128'), ASTMF480 (125'-165') Cement (0'-20') Steel (0'-88'), Steel (128'-138'), ASTMF480 (125'-165')
Candidate X 36.114593 -119.000205 21S 27E 12 1 243056 Left Plano rd 1/4 mi N Lewis Hill Domestic 250 slot (70-91) Cement (0-71) steel (0-91)
Candidate 36.1287 -119.018 21S 27E 1 1 515357 21S27E001J001M 18574 Rd 248, Porterville, CA 93257 Domestic 185 PVC screen (80'-185') Cement (0'-20') PVC (0'-80')

Proposed X 36.136091 -119.097994 21S 27E 6 2 516921 21S27E006B001M 19070 Rd 212, Strathmore, CA Domestic 190 PVC Screen (120'-190') Cement (0'-20') PVC (0'-120')
Proposed X 36.12 -119.081 21S 27E 8 2 258420 21S27E008E001M 18229 Rd 220, Strathmore, CA 93267 Domestic 170 Screen (116'-160') None Steel (0'-160')
Proposed X 36.10549722 -119.0891667 21S 27E 18 2 360725 21S27E018M001M 17372 Rd 216, Porterville, CA Domestic 300 Louver Screen (150'-300') Cement (0'-55') Steel (0'-300')

Candidate X 36.062656 -119.089325 21S 27E 31 3 E0092062 21S27E031A004M 15035 Rd 216, Porterville, CA 93257 Domestic 220 N/A Bentonite (0'-20') Steel (0'-196')
Candidate X 36.063636 -119.081319 21S 27E 32 3 E0175765 21S27E032C001M Avenue 216, Porterville, CA Irrigation 290 Steel Screen (120'-200') Bentonite (0'-20') Steel (0'-120', 200'-228')

Proposed X 36.087404 -119.00222 21S 27E 24 4 E0078229 21S27E024H001M 710 E. Westfield Avenue, Porterville, CA Domestic 200 PVC Screen (140'-200') Cement (0'-20') PVC (0'-140')
Candidate 36.072439 -119.017484 21S 27E 25 4 283750 21S27E025H001M 369 N. Hockett St, Porterville, CA 93257 Public 230 Ful Flo (124'-215') Cement (0'-108') Steel (0'-230')

Township 20S, Range 27E
Q1

Q2

Q3

Q4

Township 21S, Range 25E
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Q4

Township 21S, Range 27E
Q1

Q2

Q1

Q2

Q3

Q4

Township 21S, Range 26E
Q1
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7.31.18   Status Member Latitude Longitude Township Range Section Quadrant Well Log # State Well # Well Address Well Type Static Water 
Level

Well Depth Perforation Well Seal Casing

Township 20S, Range 27E

Candidate 36.109161 -118.922772 21S 28E 13 1 E0034103 21S28E013K001M 29059 Ave 176, Porterville, CA 93257 Domestic 325 Open hole (20'-325') Cement (0'-20') Steel (0'-20')
Candidate 36.109154 -118.922776 21S 28E 14 1 E0003246 21S28E014C001M Frazier Valley Road, Springville, CA Domestic 325 Open Hole (20'-325') Cement (0'-20') Steel 

Candidate 36.113481 -118.959006 21S 28E 9 2 E014822 21S28E09 Corner of Rd 276 & Ave 176, Porterville, CA Domestic 225 ASTMF 480 (145'-225') Cement (0'-20') Steel
Candidate 36.113851 -118.958563 21S 28E 9 2 E0028138 21S28E09L001M 17601 Rd 276 Lot 6, Strathmore, CA 93267 Domestic 163 ASTF480 Screen (103'-123') Cement (0'-20') ASTF480 (0'-103', 123'-143')

Candidate 36.056346 -118.982709 21S 28E 31 3 460741 21S28E31 1551 E. Success Drive,Porterville, CA Public 280 Screen (60'-100', 180'-280') Cement (0'-48') Steel 
Candidate 36.061786 -118.970125 21S 28E 32 3 498582 21S28E032G001M 2125 East Roby, Porterville, CA Public 256 Steel Screen (60'-256') Cement (0'-50') Steel (0'-60')

Candidate 36.079577 -118.899968 21S 28E 25 4 53591 21S28E025B001M SW corner of Highway 190 & Success Valley Rd Domestic 240 N/A Cement (0'-53') N/A
Candidate 36.052067 -118.935087 21S 28E 34 4 E0028646 21S28E034Q001M 14428 Road 284, Porterville, CA 93257 Domestic 145 PVC Screen (45'-65', 85'-105', 125'-145') Cement (0'-20') PVC (0'-45', 65'-85', 105'-125')

Proposed X 36.044 -119.241 22S 25E 2 1 715324 22S25E002C001M 60' W of Ave 152 & .13 mi N of Ave 136, Pixley, CA Irrigation 570 Louver (270'-570') Cement (0'-20') Steel (0'-270')
Candidate X 36.0468 -119.229 22S 25E 1 1 718412 22S25E001G001M 15329 Ave 144, Tipton, CA 93272-1317 Domestic 320 Louver (260'-300') Cement (0'-20') Steel (0'-260', 300'-320')

Complimentary 36.03631389 -119.2772222 22S 25E 9 2 457618 1/2 mi w and 60' south of rd 136 and ave 136 Public 485 louver (270-470) Cement (0'-50') steel 90-270, 470-485)
Complimentary 36.0127 -119.273 22S 25E 16 2 542641 22S25E016Q001M 13400 Avenue 120, Pixley, CA 93256 Public 600 Louver (330'-570') Cement (0'-50') Steel (0'-330', 570'-600')

Proposed X 36.00003611 -119.2927778 22S 25E 20 3 E0259438 11527 road 120 Irrigation 840 Steel screen (340-400, 600-840) Cement (0-20) Steel (0-862)
Candidate X 36.00726111 -119.3141667 22S 25E 19 3 396627 11428 rd 124, pixley, ca Domestic 588 louver (318-588) cement (0-20) steel (0-300)
Candidate 35.97198611 -119.2841667 22S 25E 33 3 E070485 1520 E. Court Street, Pixley Irrigation 721 Milled Screen (361-441, 481-581, 601-641) Cement (0'-50') PVC (0-721)

Candidate 35.986102 -119.250149 22S 25E 26 4 512019 22S25E026D003M 10810 Rd 144, Pixley, CA Domestic 400 Steel Screen (200'-400') Cement (0'-28') Steel (0'-200')
Complimentary 35.977 -119.228 22S 25E 36 4 718426 22S25E036E001M 14867 Ave 104, Pixley Domestic 615 Louver (330'-600') Cement (0'-50') Steel (0'-330', 600'-615')

Complimentary 35.956207 -119.454541 23S 23E 2 1 E0000257 23S23E002N001M 9200 Cental Valley Hwy, Alpaugh, CA 93201 Irrigation 460 Steel Screen (260'-460'0 Cement (0'-20') Steel (0'-240')
Complimentary 35.946602 -119.460804 23S 23E 11 1 E0037017 23S23E011E001M 5053 Avenue 88, Alpaugh, CA Domestic 538 Steel Screen (242'-522') Cement (0'-50') steel (0'-242')

Candidate 35.95732778 -119.4838889 23S 23E 4 2 E077033 Ave 112 & Rd 40 Irrigation 1330 Screen (870-910, 930-990) Cement (0-500) Steel (0-1044)

Candidate 35.887 -119.501 23S 23E 32 3 785622 23S23E032D001M 3201 Avenue 54, Alpaugh, CA Public 1000 A53B Screen (800'-1000') Cement (0'-750') A53B (0'-800')

Complimentary 35.893099 -119.478532 23S 23E 27 4 E0080474 .5 mi N of Ave 54 on West side of Rd 42, Alpaugh, CA 93201 Domestic 285 Ag Flow (650'-930', 970'-1010') Cement (0'-25') Steel 
Candidate 35.886141 -119.482427 23S 23E 34 4 1095876 23S23E034F001M Mcneely Rd/ Church Ave, Alpaugh, CA Domestic 1230 Louver (1025'-1085', 1160'-1210') Cement (0'-975') HSLA (0'-1230')

Proposed X 35.936503 -119.259753 23S 25E 10 1 E01033591 23S25E010P002M 50' W of Rd 140 & 530' N of Ave 80, Delano, CA 93215 Irrigation 800 Steel Screen (320'-800') Cement (0'-50') Steel (0'-800')
Candidate 35.949672 -119.23972 23S 25E 11 1 788520 23S25E011B001M 14895 Ave 88, Pixley, CA Irrigation 520 Steel Screen (280'-520') Cement (0'-25') Steel (0'-520')

Proposed X 35.959983 -119.2805 23S 25E 4 2 E076023 23S25E004F001M 1550 E. Terra Bella, Pixley, CA Domestic 495 Milled Slo (415'-495') Cement (0'-56') PVC
Proposed X 35.946 -119.303 23S 25E 8 2 724662 23S25E008G001M 8596 Rd 120, Pixley, CA 93256 Domestic 420 PVC Screen (340'-420') Bentonite (0'-20') PVC (0'-340')

Candidate 35.8928 -119.292 23S 25E 29 3 793874 23S25E029O001M Near 1898 W Sierra , Earlimart, CA Domestic 200 PVC Screen (140'-200') Cement (0'-27') PVC (0'-140')
Candidate 35.8806 -119.279131 23S 25E 33 3 944088 23S25E033L001M Intersection of Clay & Ash Ave, Earlimart, CA Public 820 Ful Flo (340'-510',560'-760',780'-810') Cement (0'-225') Steel 

Proposed X 35.884273 -119.231223 23S 25E 36 4 E0083349 23S25E036M001M 15051 E Washington Ave, Earlimart, CA Domestic 305 PVC Screen (265'-305') Cement (0'-20') PVC (0'-265')
Candidate 35.885141 -119.215812 23S 25E 36 4 E0196006 23S25E036H001M 15968 Avenue 52, Earlimart, CA Domestic 600 Milled Slots (360'-380', 400'-440', 480'-540') Cement (0'-20') PVC (0'-600')

Township 21S, Range 28E
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Township 22S, Range 25E
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7.31.18   Status Member Latitude Longitude Township Range Section Quadrant Well Log # State Well # Well Address Well Type Static Water 
Level

Well Depth Perforation Well Seal Casing

Township 20S, Range 27E

Candidate 35.947243 -119.050011 23S 27E 10 1 1095772 23S27E010D001M 8781 Road 234, Terra Bella, CA 93270 Domestic 420 PVC Screen (220'-240', 320'-420') Cement (0'-43') PVC (0'-220', 240'-320')

Proposed X 35.9557 -119.083545 23S 27E 5 2 E005996 23S27E005L001M Ave 93 & Rd 224, Terra Bella, CA Irrigation 1000 Steel Screen (520'-1000') Cement (0'-50') Steel (0'-1,000')
Candidate 35.93510278 -119.1069444 23S 27E 18 2 1095632 S/E corner ave 80 and Rd 208 Domestic 600 Steel Screen (560-600) PVC (0-600) Benonite (0-20)

Proposed X 35.916566 -119.061071 23S 27E 21 3 956181 23S27E021G001M 22881 Ave 70, Terra Bella, CA 93270 Irrigation 770 Steel Screen (340'-700') Cement (0'-50') Steel (0'-340')
Proposed X 35.916741 -119.059529 23S 27E 21 3 718188 23S27E021G001M .25 mi W of Rd 232 & 100 ft S of Ave 70, Ducor, CA Domestic 540 PVC Screen (300-540') Cement (0'-22') PVC (0'-300')

Proposed X 35.895148 -119.050692 23S 27E 27 4 925804 23S27E027N002M End of Ave 58, Ducor, CA Municipal 1405 Ful Flo (1.035-1.385') Cement (0'-995') Steel ASTM606
Proposed X 35.89313889 -119.0452778 23S 27E 27 4 154514 500' N of Ave 56 & 120' W Rd 236, Ducor Municipal 1341 Ful Flo (1136-1336) Conductor (0-50) Cement (953-1053) Steel (0-1341)

Candidate 35.848516 -119.353036 24S 24E 11 1 E039965 Ave 24/ Hwy 43, Allensworth, CA Irrigation 102 PVC Screen (40'-60', 80'-100') Cement (0'-20') PVC
Candidate 35.850655 -119.39024 24S 24E 10 1 E0149327 24S24E010M001M Between 1318 N & 33425 Young Rd, Allensworth, CA Domestic 470 PVC Screen (450'-470') Concrete (0'-57') PVC (0'-450')

Candidate 35.846717 -119.381546 24S 24E 16 2 957404 24S24E016B001M 8513 Ave 32, Allensworth, CA 93219-9346 Domestic 440 PVC Screen (340'-440') Cement (0'-60') PVC (0'-340')
Candidate 35.833992 -119.386663 24S 24E 16 2 793901 0.9 mi W HWY 43, off Ave 24, Allensworth Domestic 200 Steel Screen (69'-87', 180'-200') Bentonite (0'-55') Steel

Proposed X 35.824339 -119.406088 24S 24E 20 3 E0083113 Ave 24 & Road 80, Tulare, CA Irrigation 1000 Steel Screen (600'-1000') Cement (0'-50') Steel
Proposed 35.813595 -119.4018987 24S 24E 29 3 E0077871 Rd 80 between Ave 8 & Ave 16 Irrigation 1000 Steel Screen (600'-1000') Cement (0'-50') Steel

Proposed X 35.804809 -119.366624 24S 24E 27 4 706282 24S24E027P004M Irrigation 925 A53B Screen (320'-925') Cement (0'-20') A53B (0'-320')
Proposed 35.80479444 -119.3702778 24S 24E 27 4 E0346058 Irrigation 1260 LCS Ag, Flo (440'-970') Cement (0'-50') LCS(0'-330',350'-440', 990'-1260')

Proposed X 35.843457 -119.214936 24S 25E 13 1 E0060486 24S25E013D001M 700' N of Ave 26 & 200' W of Rd 160, Delano, CA Domestic 300 PVC Screen (120'-140', 160'-180', 200'-220') Cement (0'-50') PVC (0'-120', 140'-160', 180'-200')
Candidate 35.860302 -119.2559588 24S 25E 10 1 0942275 .5 mi W of Rd 144 & .25 mi S of Ave 40, Earlimart, CA Domestic 174 A53B Screen (360'-800') Cement (0'-30') A53B Screen (360'-800')

Proposed X 35.870424 -119.286442 24S 25E 5 2 E064159 24S25E005H001M NW corner of Rd 128 & Ave 44, Earlimart, CA Irrigation 600 Louver (280'-600') Cement (0'-20') Steel (0'-280')
Candidate X 35.8478 -119.2723 24S 25E 16 2 E0255713 24S25E16B001M Ave 24 & rd 136 1/2N W/S Irrigation 971 Screen (380'-971') Cement (0'-50') Steel (0'-40', 0'-380', 380'-971')

Candidate 35.830064 -119.277306 24S 25E 21 3 E0033166 24S25E021H001M .25 mi S of Ave 24 & .5 mi W of Rd 136, Radnor, CA Domestic 300 PVC Screen (80'-100', 120'-140', 160'-180', 200'-220', 240'-260', 280'-300') Cement (0'-20') PVC
Complimentary 35.7959 -119.287 24S 25E 32 3 40537 24S25E032M001M 255 Road 128, Delano, CA 93215 Domestic 605 Screen (161'-605') Cement (0'-60') Steel (0'-605')

Proposed X 35.802562 -119.243454 24S 25E 35 4 1095774 24S25E035H001M 391 Rd 148, Delano, CA 93215 Domestic 340 PVC Screen (160'-320') Cement (0'-36') PVC (0'160', 320'-340')
Candidate 35.794199 -119.240165 24S 25E 35 4 E064684 24S25E035N001M 216 Road 148, Delano, CA Domestic 400 Milled Slo (220'-240', 260'-280', 300'-320') Cement (0'-20') PVC 

Proposed X 35.8556 -119.149 24S 26E 10 2 915227 24S26010N001M .5 mi W of Rd 192 & .25 mi N of Ave 32, Delano, CA Domestic 300 Steel Screen (200'-300') Cement (0'-28') Steel (0'-200')
Candidate X 35.8384 -119.144 24S 26E 15 1 915226 24S26E015M001M Domestic 400 Steel Screen (300'-400') Cement (0'-57') Steel (0'-300')
Candidate X 35.848104 -119.135172 24S 26E 14 1 E0073186 24S26E014A002M .45 mi E of Rd 192 & 1 mi S of Ave 40, Delano, CA Irrigation 800 Steel Screen (360'-800') Cement (0'-20') Steel (0'-360')

Proposed X 35.85475833 -119.1347222 24S 26E 17 2 E0070434 24S26E017H004M 3251 Rd. 152, Delano, CA 93215 Irrigation 760 Steel Screen (260'-760') Cement (0'-30') Steel (0'-260')
Candidate X 35.837924 -119.188717 24S 26E 11 2 36201 So 1/2 Sec 11, Township 24s, Range 26E Domestic 399 300-399 Cement (0'-50') Single (0-399)

Proposed X 35.8192 -119.205 24S 26E 30 3 118722 24S26E030B001M .5 mi S of Rd 160 & S of Ave 16, Delano, CA Irrigation 350 (250'-350') Cement (0'-50') Single (0'-350')
Candidate 35.795829 -119.161153 24S 26E 33 3 E0250808 24S26E033J00M 1800' N County Line Rd, 40' W Rd 184 Domestic 820 Screen (400-820) Cement (0'-50') Low Carbon Steel (0-820)

Candidate 35.8078 -119.142 24S 26E 26 4 48690 24S26E026K001M Rd 192 & Ave 8, Richgrove, CA Domestic 600 Screen (320'-590') Cement (0'-340') Steel
Candidate X 35.798212 -119.143414 24S 26E 34 4 E0174363 25S27E06A001M .5 mi s of Ave 8 & W of Rd 192, Delano, CA Domestic 990 Perf (520'-690', 790'-820', 950'-980') Cement (0'-505') Steel A53 Grade B

Proposed X 35.867186 -119.017932 24S 27E 1 1 E0146035 Irrigation 1435 Steel Screen (422'-1028, 1028'-1435') Cement (0'-50') Steel
Candidate 35.872573 -119.000671 24S 27E 1 1 No Well Log Domestic

Candidate 35.855835 -119.094197 24S 27E 7 2 E0083586 .5. mi N of Ave 32 & .75 mi E of Rd 208 Irrigation 905 Steel Screen (430'-830') Cement (0'-50') Steel (0'-430')

Candidate 35.798592 -119.103068 24S 27E 31 3 85423 24S27E031G001M N.W. Corner of Rd 120 & Grove Dr., Richgrove, CA Domestic 1100 Screen (650'-1100') Cement (0'-50') Steel (0'-650', 650-1100')
Candidate 35.816392 -119.053985 24S 27E 28 793913 24S27E028H001M 1311 Highway 65, Ducor, CA Domestic 540 Steel Screen (380'-540') Cement (0'-23') Steel (0'-380')

Candidate 35.821411 -119.047032 24S 27E 22 4 515352 24S27E022L001M .5 mi N of Ave 12 & .33 mi E of Hwy 65, Richgrove, CA Irrigation 905 Steel Screen (430'-830') Cement (0'-50') Steel (0'-430')
Candidate 35.79482222 -119.0319444 24S 27E 35 4 1091961 24186 Ave 2, Richgrove ca Irrigation 810 steel screen (480-760 Bentonite (0-20) Steel (0-480,760-800)

Township 23S, Range 27E
Q1

Q2

Q3

Q4

Q2

Q3

Q1

Q2

Q3

Q4

Township 24S, Range 26E
Q1

Township 24S, Range 24E
Q1

Q2

Q3

Q4

Township 24S, Range 25E

Township 24S, Range 27E
Q1

Q2

Q3

Q4

Q4



 TULE BASIN WATER QUALITY COALITION 
31 July 2018: Revised Groundwater Quality Trend Monitoring Workplan – Phase 1 

 

 
 

 
 
 

APPENDIX D 
 

TBWQC TREND MONITORING WELL LOCATION MAP 
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Tule River

Tipton

Pixley

EarlimartAlpaugh

Springville

Ducor

Terra Bella

Strathmore

Delano
Tulare County
Kern County

Kin
gs

 Co
un

ty
Tul

are
 Co

un
ty

Poplar

Woodville

Richgrove

Allensworth

Corcoran
Lake 

Success

D

D

D

D

D

Deer Creek

D

Tulare Lindsay

D

D

D

Porterville

E0028138

53591

460741

460741

E0028646

E0032171

E0159252

516921

360725

E0092062

565211

488430

243330

E0003215

56124

718412

E0196006
E0083349

944088

E0255713

E039965
957404

E0149327

793901

E0077871

E0346058

785622

1095876

E0037017

E064684

E0060486
36201

E0174363

E0073186

E0070434

515352

No Well Log

154514
718188

153207
488425

White River

No
rth

 Fo
rk

 Tu
le 

Ri
ve

r

South Fork Tule River

Porter Slough

482061

349117

489364

E0084286

129332

E0212720
E0264833

E0114156

E049930

508057

29615

258420

E0078229

715324

E0259438

E01033591

E076023

724662
E005996

956181

925804

E0083113

706282

E064159

1095774

915227

118722

E0146035

E001212

154859

3243

457618

542641

718426

E0000257

E0080474

40537

E0016727

519754

243056

515357

E0175765
283750

E0034103
E014822

512019

E077033
788520

793874

1095772

1095632

0942275

E0033166
915226

E0250808

48690

E0083586

793913

1091961

1 in = 4 miles

N

Legend
TBWQC Boundary
Supplemental TBWQC Boundary
Townships
Quarter Section Lines
Phase 1 "Year 1"
Phase 2 "Year 2"
Lake Success
Friant-Kern Canal
Waterways
Roads

TBWQC Wells
!. Proposed (42 Total)
!. Candidate (52 Total)
!. Complimentary (11 Total)

Complimentary Wells
") Dairy Domestic (198 Total)
") Dairy Monitoring (17 Total)

Appendix D
TBWQC 

Trend Monitoring
Well Location Map 

R.2
2E

R.2
3E

R.2
4E

R.2
3E

R.2
5E

R.2
4E

R.2
6E

R.2
5E

R.2
7E

R.2
6E

R.2
8E

R.2
7E

R.2
9E

R.2
8E

R.3
0E

R.2
9E

T. 24S
T. 25S

T. 23S
T. 24S

T. 22S
T. 23S

T. 21S
T. 22S

T. 20S
T. 21S

Fr
ian

t-K
er

n C
an

al

Townships contains no
 members or irrigated agriculture

D  No Irrigated Agriculture

Notes:
-Commited Wells Labeled by Well Log Number
-Quadrants containing an X do not
contain Irrigated Agriculture and have
therfore been excluded from the monitoring
well selection process

E0003246
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WELL COMPLETION REPORTS 
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Tptpt r/tATF Sl .\lh oi (.\l lfuR)

owi.?J'copy wELL coMPLETIoN , REPoRT
Page I of 2 

llxl(r tt' ltt\lnlLtlon PrtntS'ltlct

orvner,s we1 No.     " g0084286
Date Work Began 7l27t2OO9 vn6"67l] l2QA9

Local Permit Agencl' Ttrlare 
--- 

- ----
Permit No. 09-0509 .'=.=--- Permit

GEOLOGIC LOG

3 TOP SOIL

3 14 SAND
14 19 CLAY
19 36 SAND
36 52 CLAY
5?, _ !1 saD/qEA\/FL
61 65 CLAY/HARDPAN
65 79 SAND/GRAVEL

1 15 CLAY

125 SAND

125 148 CLAY
t+a lsl- SAND
1tr-7 17n al av

170 178 SAND
178 195 CLAY
195 201 SAND
201 212 CLAYIHARDPAN- z1z zn snruolcnnvel
218 250 CLAY

250 257 sAND
xz -zoSlcuv
265 270 SAND/GRAVEL
270 283 CLAY

283 285 SAND

343 357 CLAY
357 366 SAND
;M . -;Ma-n,
JOO JOY UL-I\ I

389 394 SAND/ROCKS/GRAVEL

TCf.{l 'JFPTll 31- 66B116 650 rlcet)
TOTAI- DEPTH oF COMPLETED \VtiLL04q- (Feet)

^dr'.r-14q0-83diEz 

tlot.t t11t"tto: 

- 

-
giry Tipton, Ca CA 9327t4 -
ClountyIUIALE, 

-APN Book232 . Pagc 1iQ Paryl 1-2

1 ou nship 21 S ft3n11g 25 E Sectrorr 36

- \\'ELL OW\ER

oRIENTATION (J ) .l- venrlcei- -. - HoRIzoNTAL 
- 

ANGLE *-(SPECIFY)' 
DRILLING

- rr-rorj REVERST - 6LtJ19 wqler/golyn-e
DEPTH FROM

SURFACE.- DESCRIPTION
qt !o----8,- 

- 

P:"!!'- ry919!iq! 8!aln:)t:1: lelor: etc

5u-. 
g Address
n -c

Latitude
DEG MIN l;E(l

l-o( ATlo\ s KET( ll \( l lvll \
y' rre'rv weLr

MODIFI'NT ON/REPIiF
DeePe.

_ 
Oiner tspecr'i

. D'ESiROY iOescnce
Procedures and M?terLals
Lrnde.'GEOLC3I(l LCG'

PL..\\\I]D T SLS I" )
',ryA-ER SUPP!\:

Eomest c ?uf,lrc
.lgai ca ;ncusirlal

l\)

ATTACHMENTS
Geologic Log

- 
Well Construclion Dragram

-- Geophysical tog(s)

- 
Sorywater Chemical Analys s

' Other

ATTACH ADDITIONAL INFORMATION /F /T EXSIS.

tladord
clT\

la . 93230

f\3;t,t,.'<!.Q. qr..f^*t'^

{\"!t""-t, P-'^ '^^ c'^ J\

E E-r""Xo"' F"*kA\q k

* {^^ ^^-t{

SCL- H

Illustrate or l\.\.ilh! l)t.\tLtn.t tl Y tl' tn)n liEJi butUilgt
Fences,Rivers,etc and altach a rap L:seaCdirional papcr rt

nccdsrry. PLEASE BE .{CC:[-R\TE & CO}IPLETE

CERTIFICATION ST,\1'E\{E\I'
the undersigned. certify that this report iscomplet€ and accurate 1o the b€st ,f my knowledge and oei,ef

,veuE Mlfets Well Qrllling,Loc
(PERSON, FrRr,i, 0R CORPORATION) (TYPED 0R PRINTEDI

WELL DRIL TATIVE

srATE ztP

. WATER LEVEL .! \ IEI-D Of CO}IPLETED \\'ELI-

DEPTH TO FIRST WATER- iFt i BELOW SURFACE

DEPTH OF STAT C

WATER LEVEL 
- 

Ft ) & DA]-E I'IEAS:JRED

ESTIMATED YIELD '- (GPM) & TESI TYPE. -.

I-EST LENGTFi - {irrs ) TITAL DRAr'VDO\\'N ,Fl

Ions-terut t relJ

c.A,srNG (s)

GAUGE SLOT SIZE
OR WALL IF ANY

THICKNESS (lnches)

_ 0__ 3?0 ?_A__t- . _ _ srFFL _,-____ 14 ,._ ,.1t4 _-_." ..

320 640 26 /. STEEL 14, 114't 3t

I)EI)TH
FROM SURFACE

. F. RFN- _ _-^ :il
MENT TOI"TE FILL ': ::,., '| 1::
r, ) (v) l/)

50. ./
AEN-_.g.. uxAVtrL

D\\'R 188 REY r l-97 IF ADDITIONAL SPACE IS NEEDED, USE CONSECUTIVELY NUMBERI:D FORM

ENSE NJI,4BER



:=:. alry& -usE-Q!!L.-::- DO -llor Flll - r'l

TAIDI IT- ATF: STATF. OI ("\LIFOR]

o*noli copv wELL coMPLETIoN REPoRT
Pag: 2 of 2 

el'r tt) ln\tntLlton PqntPhlcl

orvner,s 1rys11ri6.    ---- *" e0084286
Datc Work Began 7l27l2QQ9 

--. 
Ended7J29l2309---

l-ocal Permit AgencY Ttrlare 
--^- 

r.r-ri 
"". 

od--osbs Permit Date llp!2009--
GEOLOGIC LOG

)escnbe ntdlerial gratn' st:e' color' etcFttoFt,L---
394 452 CLAY

42_-__4.6 gAND

466 483 CLAY
483 490 SAND

490 498 CLAY

498 502 SAND

502 512 CLAY

512 517 SAND
gl7 5?3 qLAY
523 533 SAND/GRAVEL

533 542 CLAY
5tt--55olsAND
550 577 CLAY

577 581 SAND

-58i- 594 rct-AY
594 599 SAND

599 618 CLAY

618 ---624- sAl'lD
624 650 CLAY

'ror.\1, DEprtl ol gontxc .QSS (Feer)

TOTAL DE.TH OF COMpLETEO Wrll 640- ___ (Feer)

ATTACH]IIENTS
Geolooic L€
wsll Construdron Diagram

Geophysical Log(s)

SoiYwater ChemrGl Analysis

ATf ACH ADDITIONAL lNFQRMATION /F IT EXISIS

. \\'ELI- LOCA'TIO\--
Address J 4808 Rd '1 52

gi5n Tipton, Ca CA932-7i'. 

-CountyTULA(E
ApN Book 232 Page 160- Prryl 1?

To*nship21 S [3p11g,25 E s.ciinrl 36

Latitude ..
DEG MIN I;E() DEG

\\'ELI- O\\\ER

OR|ENTATIoN i., ^;*,.Y1*'.o' 
noR]ZoNTAL ,\NGLE (SPtclFY)

U NILLI I\ \

"".,j BEVEBSL -,- FLUID \ry-alelpqlJme
DEPTFi FROM

SUEEAAE _ DESCRIPI'IO\

xame  
Mailing '\
CITY

ddress  
s rE zt"

Mifi
\/ t l\'l-I-\'

NEW WELL

MODIFICATION/REP.irF
.- Deepen

:ther 
ts:e:lfvr

-- DESTROY (De:;crce
Pro€dures and fJatenals
Under 'GEOLO3lt) LC

Pt,A\\ED T SES (Y )

viA.Eii SUPPLY
: ?mestrc Puc 

'c

SPEC r', .1

S::
I-OCATIO\ ,SKETCII

- 
NORIq

++-lo
;a
L!
3

(,)

U

SOtJl-H - -

lllustrate or lrtcrihc Lstdn& of tt'll ./r')n R'n'l: Raldng:'
Fences. fuvers. elc and allach a orap Use additional paper rf
oeccssrry. PLEASE BE ACCUR{TE & COIIPLETE.

\\,ATER LEVEL & }'IELD OF CO}IPLETED \\ ['LL

DEPTH TO FIRS- WA-ER .-. IFI BELOW SJAL::'

DEPTH OF STATIC
WATER LEVEL iFt ) & DATE I,'IEASIRED

ESTIMATED YIELD '-- 
-- 

'GPM) 
& TESI IYPE

TES1 LENGTH - (Hrs ) TITAL DRATVDOTIN . ,;l
v e Il'.s

cERTr I l(.\'l lo\ s.-l' \'tt.\IE\l
the understgned. certify that thrs report rs complete and accurate to the b€,st of my knowledge and bele'

rvavE l4ve'rrWe.ll Dril.llg'lLtE
(PERSON. FIRM OR CORPORATION) (TYPED OR PRINTEDT

ADDRE

Signed

te ld

_cA i,3210_
STATE ZIP

DEPTH
FROM SURFACE

Fl to Ft.

CASING (S)

GAUGE SLOT SIZE
OR WALL IF ANY

THICKNESS (rnches)

3_20 640 26 / _ STEEL A_ 1t4 _

t)E )TH
FROM SJRFACE

\\\T LAR \IATERI,\T

I}'IE

iv) (") (")

o ___ 5!_ ./ -

51) 650 - GRAVET

D\\R t88 REV I l-s7 IF ADDITIONAL SPACE IS NEEDED USE NEXT CONSECUTIVELY NUMBERI:D FORM
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ORIGINAL STATE OF CALIFORNIA 
DWR USE ONLY - DO NOT FILL IN 

File with DWR WELL COMPLETION REPORT 

Page j_ of� Refer to lllstruction Pt11>17ihlet 

Owner's Well No. ____ /______ No. e014822 I 10�1 �1��10 
Date Work Began 6/29/04 , Ended 6/29/04 

LATITUDE LONGITUDE 

Local Permit Agency Tulare County Emd ronrnental Health APN/TR S/OTHER 
Permit No. 7661 Permit Date 6/21 /04 

ORIENTATION (.:::'..) 

DEPTH FROM 
I SURFACE 

Ft. to Ft. I 

GEOLOGIC LOG 

X.-VERTICAL 
DRILLING A, 
METHOD lr

__ HORIZONTAL __ ANGLE 

rotary FLUID 
DESCRIPTION 

__ (SPECIFY) 

Describe material, grain si;::;e, color, etc. 

WELL OWNER 

CITY 
WELL LOCATION 

STATE ZIP 

I 3 I Dark brown c::iltv 07:::iv Address Chr:ner of Bd 2:Z6 & �3z:e 326 

3 30 Pale vellow clav 
-

I I 

30 I 70 I Red clav 

70 I 108 I Brown silt 

108 I 193 I Hard salt :::mrl H � nr;::mih::, 
- - - -

1 Q<. I , "F'r.:=irh1n::,
1 Q<. I 225 I Hard salt and H� nr.:=inih:::. 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 4 anm 1 !:j!:j I 
--

I I 1? nnm ??i::.' 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

TOTAL DEPTH OF BORIKG 225 (Feet) 
TOTAL DEPTH OF COMPLETED ''VELL 225 (Feet) 

Porterville City 
County Tulare 

APN Book --2.5.5.._ !'age 270 Parcel 11

Township 21 Range _2B__ Section y(69 
Latitude I I NORTH Longitude I I WEST 

DEG. MIN. SEC. DEG. MIN. SEC. 
LOCATION SKETCH ACTIVITY (.:::'..)-

11~" 
_X, NEW WELL 

\NE.LL MODIFICATION/REPAIR 

i 
_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
" 

Procedures and Materials 

Under "GEOLOGIC LOG'J 

PLAN�ED USES ( .:::'..) 

1/0ll� 
WATER SUPPLY 

'- � Domestic _ Public 

� 
_ Irrigation _ Industrial 

f-- f--
C/l C/l w 

i5 MONITORING _ ;;: 
TEST WELL_ 

CATHODIC PROTECTION _ 

I HEAT EXCHANGE_ 
DIRECT PUSH _ 

' 

INJECTION_ 

A,SeMl&l/1/Jtl--r VAPOR EXTRACTION_ 
WltH RE:IJ> SPARGING _ 

SOUTH REMEDIATION _ 
lllrtsfmte or Describe Distm1ce of ,veil £mm Raad.\·, B11ildi11gs. 
Fences, Rii;ers, etc. and attllch a m�J. !it! additional J{per if OTHER (SPECIF Y) _ 
necessary. PLEASE BE ACCURA E </; COMPLET 

WATER LEVEL & YIELD OF COMPLETED WELL 

DEPTH TO FIRST WATER _j_Q§__ (Ft.) BELOW SURFACE 

DEPTH OF STATIC 
66 WATER LEVEL (Ft.) & DATE MEASURED 6/30/04

ESTIMATED YIELD 12 (GPM) & TEST TYPEAfr lift 

TEST LENGTH ___ (Hrs.) TOTAL DRAWDOW•1 (Ft.) 
• May not be rep1·esentlltive of ll we/l's !ong-tenn yield. 

method 

DEPTH CASING (S) DEPTH ANNULAR MATERIAL 
BORE-FROM SURFACE HOLE TYPE(.:::'.. 

Ft. 

0 
u 

145 

DIA. "' 
(Inches) z 

::i to Ft. ID 

I 20 8-5 
I 14i:; h ?nn X 

I 225 6_200 
I 

I 

I 

ATTACHMENTS ( .:::'..) 

_ Geologic Log 

z a: 
w •o w z,.. 
a: Co 
u o:::, 

0 

'X 

X 

_ Well Construction Diagram 

_ Geophysical Log(s) 

_ Soil/Water Chemical Analyses 

_ other _________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

FROM SURFACE TYPE 
MATERIAL/ INTERNAL GAUGE SLOT SIZE CE- BEN• 

GRADE DIAMETER OR WALL IF ANY MENT TONITE FILL FILTER PACK 
(Inches) THICKNESS (Inches) Ft. to Ft. (TYPE/SIZE) 

(.:::'..) (.:::'..) (.:::'..) 

StAAl h i:;/p. 114 fl I ?fl V 

ZI..C:rrMF'4�fl 4 i:; _qnR 17 I 

ASTMF480 4_"i .C:nR 17 fl<? I 

I 

I 

I 

CERTIFICATION STATEMENT 

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

NAME Consolidated Testing Labs. , Inc. 
(PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED) 

E. Worth Av e Porterville,CA 

ADDRESS CITY 

7-/½9:I.-DATE SIGNED 

93257 
STATE ZIP 

544541 
C-57 LICENSE NUMBER 

DWR ms REV. 11-97 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



ORIGINAL 

File with DWR 

STATE OF CALIFORNIA 

WELL COMPLETION REPORT 

Page _1_ of_1_ Refer ta Instruction Pamphlet 

DW
�usr 

ONLY - DO NOT FILL IN 

I� 1 ,� i/J/b1fr 1D191 
STATE WELL NO.ISTATION NO. 

I I 

Owner's Well No. __ 1 _-_______ No. e028138 ��'-----'--'I [J I I ID 
Date Work Began 7 ( 2 8 ( D 5 , Ended 7 / 2 9 / 0 5 LATITUDE LONGITUDE 

Local Permit Agency ----=T"-'C:;.;E=H==D=-------------------
Permit No. 3 4 5 5 4 Permit Date -----"6'-'-(�2"'-'-'3'-'-(----'0S<..x5'------

APN/TRS/OTHER 

GEOLOGIC LOG 

ORIENTATION ( ::C..) �VERTICAL _ HORIZONTAL _ANGLE _(SPECIFY) Nmne 
DRILLING 

air rotary FLUID waterMETHOD DEPTH FROM 
SURFACE DESCRIPTION 

Describe material, grain si:::c, color, etc. STATE ZIP Ft. to Ft. 
? 7 6 

\:ELt;JgC",ION
0 I 2 , Dark hrr,wn Rilt-v r.l;:iv Address Road

2 
I 

1 3 , Reddish brown clav :eor:te:r::sd ] ] eI City 
1 3 I 20 I Liqht brown clav Tulare County 
20 I 70 , Reddish brown siltv clav APN Book 255 Page 270 Parcel 012 
70 I 100 , Lioht brown decomoosed .Township 21S Range 28E Section q

I , aranite 
100 I 115 , Firm salt & nenner aranite 

11 5 I 140 I Hard salt & nenner aranite 

1 LL() I , Fr.::irot-11rP 
1 L[() , 1 e:; i:; I J.T::, rrl c:::,lt- R. r,or,r,or n-r::,n; f-o - - - -

I I 
I I 
I I 24 oom 120' 
I I 30 anm 155' 
I I LL() rrnm 1f;E;' 

I 
I I 
I I 

I I 
I I 
I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
' ' 

TOTAL DEPTH OF BORING 165 (Feet)

TOTAL DEPTH OF COMPLETED WELL 1 63 (Feet) 

Latitude 3 6 I 061 
DEG. MIN. 

83 aoRTH 
SEC. 

Longitude 1 1 8 1 5 7 
DEG. MIN. 

1513WEST 
SEC. 

I-
Cl) 
w 

;;! 

LOCATION SKETCH 

ro 
co 
0 
1-1 

-1-l 
1-1 

·r-l 
ro 

dirt 

NORTH 
ol 

l1 i; 0 t 
II .;r_wel 

1 pl 

50' 

road 

SOUTH 

r--1 

0 

1 

\.0 

r--

N 

ro 

6 
p: 

\ 

Av� 

I-
Cl) 
<( 
w 

176 

Ill11strnte or Desc1ibe Di.1tm1ce of Well t·m11 Ro(l(/s, B11ildi11gs. 
Fences, Ricei";Ci, etc. a11d attach a mj'· 'se additimwl 

Jt1
JJl'r if 

necessnry. PLEASE BE ACCURA E {; COMPLET 

ACTIVITY ( ::e..) -
)l_ NEW WELL 

MODIFICATION/REPAIR 
_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG") 

PLANNED USES ( ::e..) 
fATER SUPPLY 
_ Domestic _ Public 

_ Irrigation _ Industrial 
MONITORING _ 

TEST WELL_ 
CATHODIC PROTECTION _ 

HEAT EXCHANGE_ 
DIRECT PUSH _ 

INJECTION_ 
VAPOR EXTRACTION_ 

SPARGING _ 
REMEDIATION _ 

OTHER (SPECIFY) _ 

WATER LEVEL & YIELD OF COMPLETED WELL 
DEPTH TO FIRST WATER ltQ__ (Ft.) BELOW SURFACE 
DEPTH OF STATIC 

68 7/29/05 WATER LEVEL (Ft.) & DATE MEASURED 
ESTIMATED YIELD 40 (GPM) & TEST TYPE air lift 

TEST LENGTH ___ (Hrs.) TOTAL DRAWDOWIII (Ft.) 
• May not be i-ep1·csc11tativc of a we/l's long-teiw yield.

DEPTH BORE- CASING (S) DEPTH ANNULAR MATERIAL 
FROM SURFACE HOLE TYPE ( ✓ FROM SURFACE TYPE 

DIA. z a: MATERIAL/ INTERNAL GAUGE SLOT SIZE CE- BEN-"' w •o FILTER PACK (Inches) z w z ,. GRADE DIAMETER OR WALL IF ANY MENT TONITE FILL Ft. to Ft. '.5 a: Oc., (Inches) THICKNESS (Inches) Ft. to Ft. (TYPE/SIZE) <Xl '-' U::, 
CJ (✓) ( ✓) (::C..) 

0 I 20 12.25 K� steel 8 5/8 . 1 34 0 I 20 X 

0 I 103 8 x;;, AS T F480 4.5 S D R17 7 I 163 xx coarse 
103 I 1 ?1 R X AS T F480 14. 5 S D R17 .032 I arruarium 

1?< I 1 41 8 Ix AS T F480 4.5 S D R17 I sand 
143 I 163 8 X ASTF480 4.5 S D R17 .032 I 

I I 
CERTIFICATION STATEMENT ATTACHMENTS (::C..) 

_ Geologic Log 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

_ Well Construction Diagram 
_ Geophysical Log(s) 
_ Soil/Water Chemical Analyses 
_Other ________ _ 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

NAME Consolidated Testing Labs., Inc. 
(PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED) 

Porterville 

DATE SIGNED 

DWR 188 REV. 11-97 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 

CA 93257 
STATE ZIP 

544541 
C-57 LICENSE NUMBER 







ORIGINAL I 
File with DWR Get new number I 

STATE OF CALIFORNIA 
WELL 

(;L?er��!,;!!���h/�EPORT
DWR USE ONLY 

�
0 NO TJ' FILL I N  

Page _1_ of_1_ 
No. e003246 I I I lJ �I �-1�1 □ Owner's Well No. _ __,_ ________ _ 

Date Work Began 4/24/03 , Ended 4/25/03 
LATITUDE LONGITUDE 

Local Permit Agency -T.L:..- _,,c'--' • ..,E,,_,�H�, .. P,...,�-----------------

Permit No. 82734 Permit Date _ _,,,4+/.,.2...,4,_,
/...,,Q,..3,__ ____ _

APN/TRS/OTHEA 

GEOLOGIC LOG 

ORIENTATION ( ,:: ) ..X... VERTICAL __ HORIZONTAL __ ANGLE __ (SPECIFY) 
DRILLING Air Rotacy 

DEPTH FROM 
METHOD FLUID 

SURFACE DESCRIPTION 
Ft to Ft De.scribe mate-rial, grain si;::,e, color, etc. 

n I < I , rl �.. I 11-"-'--, \
3 I 10 : Brown Decom ·• ~1 i:r;::ini t-A 

1 (l I Al:: ; p; -v-rn '"' r-r;,in;+-�
,le; : 1 fl1 1 u�---' <", l +- Jl. - rt---..: -l-.-. 

1 /"l1 ; � ' 
--

I " 

1n1:1i::-, , u=---' :ell,,� ,.._�..,; +-� 
1 t::') I 

- . 
I "' ., " 

1 e:;?, rn : t:b-,-rl �"> l t- Ii, - r-r;,in; f-;,:,
2'l7: ?Jl.1 : �r .·:' 

--

')A.1 I ')l::t:: , u�---' c--, l t- Jl. - �...-:::a�;+-.-. 
2Sf'i, - ' --

I P 

256:325 ; Hard Salt & Penn,::,r Granite 
' 
I ' 
' ' 

' 

2 anm 65 1 ' '
' 4 140' ' I gpm . 
' ' 6 gpm 180' ' I 

I ' 7-8 qpm 305'
' ' 7-8 anm 325'
' ' 
' I 
'' ' 
' ' 
I ' 
I '
' 
I ' 
I I 

I ' 
I ' 
' I 

' ' 

WELL OWNER 

CITY 
WELL LOCATION 

Address Erazj er: �la]] e¥ Boad 
City Sgrj 

°ra
j l] e

County Tu are 

STATE ZIP 

APN Book 2.8.L Page 560 Parcel OJ3 

Township 21 :J Range 28£ Section 
Latitude I I NORTH Longitude 

DEG. MIN. SEC. 

ti 
UJ 
:!; 

LOCATION SKETCH 

1 NORTH 
b.1/�. I 'h 

,--- . -

•Vf.t: ' 

� ' 
l 

• 
; 
l 

..._ 

j(. '!\..�� 
, ?o' I. WELL

� 

t1i: 
-

iJ 
llldbL I/IME. 

. 

� 

semc.. 

I 71Jt,lllALal 
SOUTH 

Illustrate or Describe Dfatm1ce of\Vdl {pmL Rofld.�, B11ildi11{!,S. 
Fences. Rivem, etc. mu/ attach a mfE .�e additional t'Pa if 
necessary, PLEASE BE ACCURA C' COMPLET • 

14 
I J WEST 

DEG. MIN. SEC. 
ACTIVITY (,::) -

X- NEW WELL 
MODIFICATION/REPAIR 

_ Deepen 

_ Other (Specify) 

_ DESTROY (Describe 
Procedures and Materials 

Under "GEOLOGIC LOG") 

PLANNED USES (,::) 
WATER SUPPLY 
x_ Domestic _ Public 
_ Irrigation _ Industrial 

MONITORING _ 
TEST WELL_ 

CATHODIC PROTECTION _ 
HEAT EXCHANGE _ 

DIRECT PUSH _ 
INJECTION_ 

VAPOR EXTRACTION_ 

SPARG!NG _ 

REMEDIATION _ 
OTHER (SPECIFY) _ 

WATER LEVEL & YIELD OF COMPLETED WELL

DEPTH TO FIRST WATER � (Fl.) BELOW SURFACE 
DEPTH OF STATIC 

22 (Ft.) & DATE MEASURED 4 / 2 5 / 0 3 WATER LEVEL 

ESTIMATED YJELD 7-8 (GPM) & TEST TYPE A i r I,ift Metb
TOTAL DEPTH OF BORIKG 325 (Feet) TIEST LENGTH --- (Hrs.) TOTAL DRAWDOWN (Fl) 
TOTAL DEPTH OF COMPLETED WELL 

DEPTH 
FROM SURFACE 

Fl. to Ft. 
. 

BORE• 
HOLE 
OIA. 

(Inches) 

TYPE(,:'.) 
" 
� 

m . 15 
5 8[ 
"' 0 

w 

0:: 

� 

325 (Feet) 

CASING (S) 

MATERIAL/ INTERNAL 
GRADE DIAMETER 

(Inches) 

• May not be representative of a we/l's long-term yield. 

DEPTH ANNULAR MATERIAL 
FROM SURFACE TYPE 

GAUGE SLOT SIZE CE· BEN• 
OR WALL IF ANY MENT TONIT� FILL FILTER PACK 

THICKNESS (Inches) Fl. to Fl. 
(,:'.) (,:'.) (,:'.) 

(TYPE/SIZE) 

('\ ' ?/'\ Q c; Iv I�+-"'"' l t:: 1 ".l A n ' ?/'\ 'j( 

20 ' 325 6.140 hr Al 

' 
I 

I 

I 

ATTACHMENTS(,:'.) 

_ Geologic Log 

_ Well Construction Diagram 
_ Geophysical Log(s) 
_ Soil,Water Chemical Analyses 
_ Other 

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS. 

Hole 20 I 325 Oo en 1 ble 
' 
'.'.
I 

CERTIFICATION STATEMENT 
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

NAME 
Consolidated Testing Labs. , 

6 E. War Av 6�SON. FIRM. OR C0-tRATI0
� 

OR PRl,mDI 

-
ADORES

/./ / /Zv/ 
Signe 11 

' 

= DRILLER/AllTH0IU<'.ED REPRISENTATIVE ' 

Inc. 

Porterville, CA 93257 
CITY STATE ZIP 

t/:Zfl-q2,z 54 4 541 
DATE SIGNED C-57 LICENSE NUMBER 

DWR 188 REV. 11-9i IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIYEL Y NUMBERED FORM 















• 

• 

• 

STATE OF C:,-\1.IFOl'l:\IA. ORIGINAL 

File with DWR WELL COMPLETION REPORT 

Page _l,,f _l 
Owner's Well No. ---=1-=-��_,.�,-------
l )ati: \Vork B,:gan __ 0_6_/_2_8_/_9_9 ___ Ended 

R,frf' lo l11,tnu:liu11 Pn11,11hf,·1 

06/29/: 718412

,N 

Loca! Pcr111 it .-\�,:nn· _T_U_L _A_R_E ____________________ _ 
lhn,it 'so. · 8775 0 Pcnnit Dat,: __ 0�6=/�1�5=/�9�9�--�- • APN/TRSiOTHER 

,., 
GEOLOGIC: LOG ----------.------,-�-----'WELL OW'.\"ER ,',-.' 

ORIENTATION (:::::...) 

DEPTH FROM 
SURFACE 

_x VERTICAL 
DRILLING 
METHOD 

_ _  HORIZONTAL _ ANGLE _ (SPECIFY) 

FLUID 
DESCRIPTIO'.'1 ''REVERSE NATURAL 

 

a n r ss  
C

t-=-"�--'r"---cc-"�' -+--==c-I_J-:t:\"'·=,.;;/c,1r:_,_"_"_1,_ir_ia_i_. _�i_·a_;_,,_,_i:_,_,·_ui_,�•·
-c'c

,_:l_,_.'_' __ +-c�'.'."_,_',_·•
-',-

, '.,,.,,,.,,,-' ,,-'-,-:\
:'-

' -:W . C () __ �=,-'-":';',----,-,=Z,-"-,,.-�
1-0�_,_3��·�T=O�P�S�O�I=L�-----�-·-•;·�-v�--l· .\d<lri,s, ,,800 E & �)-ti fi'i 's OF RD 152 & , 
1--'3��•�2�2�,• �C�L�A=Y-------�-�·'c..' -•-,-�\_\-,j ,<-:ih� '·. TIPTON• /\YE 144 
,_"2,,2=-�• ---=3'"2=-�•---,S

ec

A�N'cD� ______ �---'-·--�-�--1 i=:0;;1\h·) TULARE ·, 
1-3_ 2 __ , _5_1 __ , _C_L_A_Y _______ ·�··�'·-=,,_·_-_--.�--�--1 API\' Bmk ECH Page �1 .. l�l�l'arcc-1 -3�0_0_0_9_0_0_2 __ _ 
t-�5�1��•�5�7��•�S�A=N�D�------�---'�/�-'\-'---'-· ----l Tqwi].�hig 22 �,:ngc 25 Escction _1 ________ _
,__5_7_�• _6_1_�•-C_L_A_Y _________ ·•�-•�·-e--'\ _____ · _ _, Litiit�cki_· -�'--'�-�"�o�"™= (;imptud r : --�•--�•--w_E�ST

61 , 83 1 SAND· '· \ v DEG MIN SEC DEG MIN, SEC. 

,_.,. LOCATIO'\ SKETCH ,ll:Tl\"ITI- (.::::...) -
1-8Q,3��•�1!,_0�3L.;.'__.!,C,!L,,_A�Y_:_ ________ �_l)_v_· _ _:_�:_,:_j1------ NOATH ---------1 _XNEW WELL 

103 1 108 1 SAND - . . . 
� 

MODIFICATIONiAEPAIR 

l "'"- ; l 13 , r1 "-Y ', \ .\ ,
11 '.'I ; 116 , S AND ', \ \ \ 
116, 120., CLAY ,' I ' 
120,125, SAND��' 
125; 150; CLAY 
150 ; 155·,; SAND 

\ _,. 

155,159; CLAY 
f-

==
c,-�=��

===
-------------------1 :;; 159,178, S AND ,-�-�����===-------------------1�178,182 , CLAY 

182 , 200 ; SAND- GRAVEL. & RO CK S 

?OIDI' ?1.5 , f".L,\Y 
215 ' 225 ; SAND. GRAVEL. & RO CKS 
225 ' 265; CLAY 
265 ' 274, SAND & GR AVEL 

� 
w 

274 ' :;.,r-.2"8"'2'>',rc'rL-A.-Y,,----------------i-----''---- sourH --------<
[/1111/1'/i/,; ii/' !Ji.v n/�: /Ji,/1111ff .if\\",.// {n1111 lio,1rk H111/rli11!!., 

282 ' 
298 ' 

298 I SAND Fmcn. Hi11·1�· rfr. llllfl_11rt11r/1 \' 11111/1, l·\,: mlilitiu111_if1�//!i'I" 1/ 
,1u,w1111- PLEASE Ht, ACClR-Hf. l· CO.\IPJJ-.T .. 

320, CL AY 

_ Deepen 
_ Olher 1Specil(1 

_ DESTROY 1Descr:be 
Pcac�dureo; and Mdreriar, 
Under GEOLOGIC LOG'"! 

PL:\'\'\l-:1} l'SE"i (:::::... I 
WATER SUPPl.Y 
x._ Domeslic _ P�blic 
� liriga:,on _ l���s:ri�l 

MONITORING _ 
TEST WELL_ 

CATHODIC PROTECTION _ 
HEAT EXCHANGE _ 

DIRECT PUSH _ 
INJECTION_ 

VAPOR EXTRACTION _ 
SPARGl�JG _ 

REMEDIATION _ 
OTHER {SPECIFY) _ 

WATER LEYEL & HELD OF CO\IPLETED WELL 
' 

' 

' 

' 
TOT.-\L DEJ'TII OF HOlll\G _3_2_0 __ ifo•tl 

DEPTH TO .FIRST WATER ___ (Fl.) BELOW SURFACE 

DEPTH OF ST A TIC 
WATER LEVEL _____ (Ft.) & DATE MEASURED ________ _ 

ESTIMATED YIELD • ____ (GPM) & TEST TYPr:-�---------- t 

TOT.\L DEJ'Tll OF CO.\IPLETED \\"ELL 320 
TEST LENGTH ___ (Hrs.) TOTAL DAAWDOWN, ___ (Ft.) 

• :\Ji1_y not be rrpn:.m1tntl"i.'r ofn .::r/1'.. l011g-t1•nn ylt"lil.

DEPTH BORE-
CASlll;G IS) 

FROM SURFACE HOLE TYPE(✓) 
DIA. � � 

31 
w MATERIAL/ INTERNAL 

1lochef;) 

� 
� GRADE DIAMETER " " " � (lnchlls) al �

e ' 268 21 ' STEa 8 5/8 
""' ' - 01 ,,. .... R Sil 

- ' """ OI = A 5/! . ' 

' ' 

GAUGE SLOT SIZE 
OR WALL IF ANY 

THICKNESS - (Inches) 

• 156
• t Sl. .M 

. t'v. 

DEPTH 
FROM SURFACE 

Ft " F, 

II ' 211

211 ' 3211 
' 
' 
' 

TYPE 

CE BEN-
MENT TONITE FILL FIL TEA PACK 

(TYPE!SIZEl 
(.:::'..} (:::::...) {:::::...) 

X 
X 1/4 X 12 

::====--;A\1TTmA:C<1:110\:i'!,Ee'-�;;cTi'ss· -:--1 ::✓�1-====;-;::===========-:--,cci,EciRriTi'iIFFIIIC�Hflliroi,�,· SSTTAA'TnEri�ufFE,�TT�===========�

_ Geoklg1c Log 

--X Well Coris1ruction D18.gram 

_ GSOJJ:hy'sical Log(s) 

_ Soil1Water Chemical Analyses 

_ Ottier _________ _ 

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS 

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

12522 9th Avenue 
AOORESS 

Sign,d k< 0 ,-i-1, ? MA r,
WELl ORILlERIAUTHORIZffi REPRESEinirW' c 

Hanford cm CA 93230 
STATE '" 

07/07/99 288489 
DATE SIGNED C-S/ llCENS£ NUMBER 

I )\\"K I.'>'> kE\'. 11 '17 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 

























i· OBIQINAL 
FIie with DWR 

ST.-\TE OF C.-\LIFOH\I \ 

WELL COMPLETION REPORT 

Page _.l,,f ___.l 
Owner's \\'ell :\io. �1'---------
IJat" \fork B,·gan 09/28/99 . Ended 09/ 29/;; 718426 ���I 1_11���1 □ 

LATITUDE LONGITUDE 

APNlTAS1QTHEA • l..«K:al Permit Agcnn _-T,c-=U�LA=�R�E�-----------.c=��-��-----
p.,rmit ""· . 9139 2 Penni! Date __ 09 __ / _2 _3_/_9 _9 ___ --"� <' ' 

----------�-----'---- '.WELL OW:\ER GEOLOGIC LOG 

ORIENTATION ( .::_) ___x VERTICAL __ HORIZONTAL _ ANGLE _ (SPECIFY) 
DRILLING 
METHOD REVERSE FLUID NA'IURl\L 

""""·-·�_ -. ____--------
DEPTH FROM 

SURFACt: 

" to Ft 

DESCRIPTIO,._ '' 
DeH-rihe matt'rial, grain .d::.e. color l'.fc. · > 

    
· I STATE ZIP 

-
,-�0;__T·, �3;__�•�T�O=P_S=O,_I=L;_ __________ ._._·�--,-'-·"-, -Acld;es.� ;_,_1 _·/_4 __ N_I ___ �--------------

'.3 : 18 , CLA Y · ·' -,'/' ,, /\. 8 itv' \ PIXLEY 
E'�i,LLM6j\TI�' OF RD 152 & 

t-"
1
�

A
-, '

, 
�

,,
�

,,
---.

,
�

S
=
A

=
N

�
D
--------;-'--'--,.�,,,.--ci ' -,�,�

T
�
U
�
L
=

A
=
R
=

E
��--------����

f-..... '---.;.-�;_...;..--""':!.!!.!,!... ______ 7, ,-_ -,--------,--'•..;·''--J•t\lllllh-'_�=-c'===---,--,-----�����-----
AVE 104 

l---2 _2 __ T·, _3_2_�•-C_L_A_Y _____ �----�-�--';_-.,,�-�/-✓
�_, APN Book ECH Pag;e 111 Pared __ 3 _0_0_2_ 2_0 _0 _9 ___ _

._�3�2'-�:_4,_ 2��•__.,S�A,_N=D_&��G,_R=A�V�E'-'-L--�-·�: __ '\�·•-·_,_,_✓_��-✓
-, 

T,"'11ship 22 Si!angc 25 E sectio11 �3�6�-------
1--�4�2=--T ', �4�5=-�'

--'
C
c'
L
=c-

A
cc

Y
=--_�------�' __ ·,_\-'c7--·

-
✓---l b;tifi;de · NORTH Longitude 

��-'--c=
�-

=c-
w�E=ST 

45 1 48 1 SAND · \ , ... __ .,· i .-.. 
DEG. MIN. SEC DEG MIN SEC 

48 ' 50 ' CLA Y 

. . � LOC.HIOS SKETCH ----�.u:nnn {"-I -
1-.'!!�__.;.__;:�_.;._�',e!'.!.!_ _________________ _j--.,------- NORTH ---------l ___11NEW WELL 

50 : 58 , SAND & GRAVEL. / :\ \".. ., 
58 : 7 0 , CLAY · , \ ·, ·-..._ • \ '··' /, 

70 , 73 , SAN D ·, \ \ \ -✓ . 

8 0 , 86 1 , SAND."_./ ' .. 
86 , 100\, CLAY 
100, 106·,-SAND 
10 6,1 43, CLAY 1--==C.,..--"'--'-=-�=='-'-------------------1� 

�1�4=3'-r-, �1�4=9�• �S�A�N=D---�-----------1 � 
1 49, 154 , CLA Y 

154, 166, SAN D 

< w 

MOOIFICA TION/R E PAIR 
_ Deepen 
_ Qlher I Spec·ily_, 

_ DESTROY /0e5cn00 
Procedures and Maleridls 

Under "GEOLOGIC LOG i 

PL\\"'.\ED l;s .. :s ( .::-:... ) 
WATER SUPPLY 

_ Oomestjc _A P,,hl,c 

_ lrriga11on _ ln�us1ri.,1 

MONITORING _ 

• 1-'
1'-"6'-=6

'--r-
, -=2'-=0'-'4

'--r-
, -=Cc.=L,,.A'--'Y'-----------------j

204, 2 06, SAN D 

TEST WELL _ 

CATHODIC PROTECTION_ 

HEAT EXCHAf,./GE _ 

DIRECT PUSH _ 

INJECTIO� _ 

VAPOR EXTRACTION _ 

SPARGING _ 

REMEOIA HON _ 

OTHER (SPECIFY! _ 

• 

206, 256: CLAY 
256, 259, SAND 

1;;2ii5s"9
aT, -;:2"8"'1�, 'C;;L"A;-;Yi,

-------------
�--f-II/-,,-,,,-,,-,,,-,.-, -ll,-·.w_d_/,-. -,,-1,r11�1�:�1�\-',./-/ /-i-,-,,,-, H-,-,,,-1,-H-,-,,/-,I,-,.;...-,,--< 

281 1 284 1 SAND fr1Jcn. liill'n._'11,' 11111'.11l/11,1-I; ii 1w111. !:": ,rul,li1i,l)j'.i//:'11u·1 1/ 
m·n·.1·.111(!/- PILA.SE HE AC,(.liRATl. & C,OMPU.T .. 

284,330, CLA Y 
330,3 40, SAND & GRAVEL WATER LEl'EL & YIELD OF cmIPLETED WELi.

340, �•7 : CLAY DEPTH TO FIRST WATER ___ (Ft.) BELOW SURFACE 

34 7 , 3 ;::,;::, , :>ftftV DEPTH OF STATIC 

355, 361 , CLA Y 
WATER LEVEL _____ (Ft.) & DATE MEASURED ----------1 
ESTIMATED YIELD • ____ {GPM) & TEST TYPl= ___________ 1 

TOTAL DEPTH OF Bom,c: 6.:11

TOT.\L DFPTII OF CO�IPLETED \\'ELL 

(Feet) 
615 iFeet! 

TEST LENGTH ___ {Hr?!.) TOTAL ORAWDOWN�-- (F!.) 

• .\fny not /1c r,:pr,:sentati"c,: �fn ;::di\ long ft77ll _ridd.

DEPTH BORE-
FROM SURFACE HOLE TYPE(::::...) 

DIA. 

! ! s! 
� MATERIAL/ 

{lrichesl � GRADE 
F, (O Fl � 

8 ' 331 21, �•= 

lll ' f,0il 26 LIJ.NER 

b8I ' 615.�. 21, ". �,= 

' ,, ; ,-. ' 
.. 

•., --' ,. 

' ; . ... . �-� 

CASI'iG (SI 

INTERNAL GAUGE SLOT SIZE 
DIAMETER OR WALL IF ANY 

(lnclw6) THICKNESS (Inches) 

12 II� 

I� II� ,Ill 

12 IH 

DEPTH 
FROM SURFACE 

Fl lo Fl. 

' ;JI 

,. ' ""' 

' 

' 

' 

TYPE 

CE- BEN• 
MENT TONITE FILL FIL TEA PACK 

(.:::'..) (.:::'..) (.:::'..) 
/TYPE..-SIZE) 

I 
X Ii• X K 

::====-�A'7TTmAicc1.ttii,:i"1EF,x'r'i's,· -:-, :;,"'i'1�;:-::::::::::::::::::;--;::::===========-,c'iETTRiiTi'i1rrii1c:::::.ur11icoii,,· SST'i'.A'uriE;:;,ii1i'E,,TT-'-:=::::=========�-. " ·�" 
. "J. ..,._, . I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief 

- GootoglC Log �-- C 
... -_j 0: 

_ Well Construction Diag� 

_ Geophysieal Log(s) 
;x:. 

_ Soil/Water Chem1Cal A�s 

_ Other 
f;.) 

ATTACH AODITION.A.L INFORMATION. IF IT EXISTS 

�ME GRABOW WELL DRILLING. INC.
iP£RSON FIRM. 00 COOPORATIOO CTYPED OR PRINTED) 

12522 - 9th Avenue Hanford CA 9323 0 
ADDl{ESS · 

2:::j S<J""' Kc',,,th f . 0  ,. Q � 
wm �U[R/,1,JJlllORIZED REPRES'urrAlivt 

ClfY STATE ZIP 

10/05/99 288489 
DATE SIGNED c.:i'I LIWiSE rill�Bl R 

ll\\K L\\ KE\. 11·'!7 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



.- cORIGINAL 
File with DWR 

ST.\TE OF CAI.IFOH\I:\ 

WELL COMPLETION REPORT 

• 

• 

• 

Page -�f � 

Owner's \l'dl ;'\io. �1�---------

Dak Work B"�"" -'�"'§""""f.,.@�€t�l�El�E1� Ended

Local Pt:rmit :\g:t:OC\ TULARE 

ll,'_[,:1· tu /11\lrndi,,11 /'!111111/1/,;/ 

09/29/;;· 118427

Pt:rmit ;\'o. --a91,l1..a3>a9a.2..,__ _______ Permit Dat1: _J09�uL�2-3�/�9�9�----

ORIENTATION (::::... l 

DEPTH FROM 
SURFACE 

GEOLOGIC LOG ----------�--------- \\\;ELL O\\':\ER 

-X- VERTICAL __ HORIZONTAL __ ANGLE __ (SPECIFY) 
DRILLING REVERSE METHOD -�~���---- FLUID NAruRAL· 

DESCRIPTIO� 
JJ,;w:ri/11; nwt,:rial. ,i:e. r;o/or. de. 

. 
'.\a111;, 

Mail ill� 'Address 

'  •, �,. 
STAlt: 

Ft, 
C'.�,,_\__,..,-,\ '\ \. 1. i f-��7'--=-+-----------'---- ---��'--c�-l---",,---'--'--'-----'---'---WELL LOC:ATIO,-------------, 

'° "· �rai11 '\ ,. 

f---i
"'

.:u::."ci'-.;_..;u:,.t,_-;-::,;,w.U--&.-1:U<.IUCJ:..'------:--�-'�'-
c-:"--l Add1:<!SS '.] "/:4 MT E' · & 750 • S OE 

f-"'""""'"''1-r .... -�__.. ..... ....,'----------�---'--'---�-'--j cit\\\ PIXJ RV '\ 

•.- _, 
' �rr ' ,.. .l 1.1 r,, • ron..ti..VC"I 

' -"-"-"- ' ... , . " - ., s 
/ 

\ 
RD 152 & 

AYE 104 . ·, 
f-', •. .,.. �·1-;-

' 
--4cdl11t---.;.-twW1�----------,---,-�----'''-c--'•':' 7·.c• ·;3,·--1, c�)l 11ity.. TUL A RE 

.. ,...,.;;: 
,_, .,,,---.... .,,- / 

·-- ' � ... 'l.l"r\ 

l""'I �v f-' ... Jlll--i-' --4,c;:,_.;.-w..A-i...-=----------c-'-""'---" ''-',.",--,--I AP� Book ECH Pa�e-�l�l-l�Par('cl _3-0�0�2-2-0�0�9�- --

f-''"'"'c0.""'.:1--;'-'o..::ur,--;_.:,nn,LL ________ �-.c·::--''�--''°
,

·-· -"--',-'_,,"'':,/_,--l Township 1 22 5Rangc 25 E St�dion �3=6�--------
•nc ' 

. ., ... ' c-•.wn
Aaa. i � \ ' -...,,,� C1titnde i i NORTH IAm½ritll(lc��-'��-'-��w_,_s_, 

AO .. 1 ' \ ,.,-• .,, ,' ',' 
DEG MIN SEC DEG MIN, SEC 

ACA ' r1 '<V 

1--'"-=""_;___...,.._,..__:_;;u.,,,.,__.c_LUUI..U..._�---'-''---'----'-'---l-'-'--"--- LOCA TIO:\' SKETCH ----�- ACTIYln· (:::::..) -�::i:"'· 'L"'IL-:'_:"':it ,.., • ..__;, _u r•w•l· v:c__w._.,LJ"i'AJ •"'1t1"L1..••11iJ Yl;'t;.1Dc;c:.__--_____ ---j1------- NORTH --------, _x NEw wELL 

'S 1 DI ' c,u1n ... r..D.l.Vl;'I 

.,,. . ' .,,. .,. ' "•Wn .. ; MOOIFICA TIQN:R E PAIR 

,., 1,,·V --.
---.'< 

' '_, .-
Deepen �r� ' �n� ' \ . -

c::-1i.'un. ' \\ '
- - Other 1Spoctfy, 

C ""' ' con, ' 

C.CDI ' ""'"' ' _,., '.4y
: , ,\'., 

,. 
, DESTROY ,Descnbe 

-/ .. , 
Proc/Jdurtts and Matc11c1ls ' ' . 
Under GEOLOGIC LOG"1 

' ,, ', PLA;l,,;�EIJ li�E� 1:::::..1 
' ' ' '· WATER SUPPLY 

- Dorre,;::c X :o��lk. 
' ' - Irrigation - l.sUc:•."r.11 � � ' ' 

"' "' w < MONl�OR1r1G -� w ' ' TEST WELL _ 

' ' CATHODIC PROTECTION _ 

' ' HEAT EXCHANGE _ 

DIRECT PUSH _ 
' '

INJECTION_ 
' ' VAPOR EXTRACTION _ 
' ' SPARGING _ 

' ' SOUTH REMEDIATION _ 
Tlfo,rml,: ,11· n.:11:1llH: J)i,/1111<,: "f\l'.1/ {n,111 H,,,u/, l/ruli/111:.:_, 

' ' . F,·1w,·,. Riu:r-... dr awl att,wh 11 111
f

1 he 111/,/i/1,11111/ 
f,'

1/1<"1° i/ OTHER iSPECIFYJ _ 
111n:�,11nJ, Pl,E.ASE BE ACCVRA f, l· COMPLF.T ,. ' ' 

WATER LE\'EL t, HELD OF CO.\IPLETED WELL
' ' 
' ' DEPTH TO FIRST WATER ___ (Ft) BELOW SURFACE 

' ' DEPTH OF STATIC 
WATER LEVEL (Ft.) & DATE MEASURED ' '
ESTIMATED YIELD (GPM) & TEST TYP" 

TOT.\L DEIYfH OF HOHl\"C 620 (Feet) TEST LENGTH ___ (H�.) TOTAL DRAWOOWN (F1) 

TOT.\!. DEIYfll OF CO\IPLETED \\'ELL 615 ,'.Fn:t': .. :\l,�y nut br rrprrsentarfr.:e �fa ,.::ell\- /1111g•ww ycld. 

DEPTH BORE-
FROM SURFACE HOLE 

DIA. 
{Inches) 

Fl '° F< 

I ' �la <>< . 
"" ' ,� � 

681 ' &1� . 2f, 
' --
' 1. ·, -:-: 
' -

TYPE(✓) 

� z 

§�
z � � 
� � 

� :is 

-
' 

" . 
.< 

-

-

-

MATERIAL/ 
GRADE 

I 11 ""'" 

STIB 

CASl'\G {SI 

INTERNAL 
DIAMETER 

(lnchetl) 

1? 

" 

12 

GAUGE 
OR WALL 

THICKNESS 

1 /4 

1,. 

SLOT SIZE 
IF ANY 
(lnduts) 

DEPTH 
FROM SURFACE 

Fl lo Fl. 

I ' ... 

... ' ""' 

.\\"\"l'L\R \I.\T[RI.\L 
TYPE 

CE- BEN-
MENT TONITE FILL FIL TEA PACK 

(TYPE-SIZE) 
I✓ I I✓ I I ✓ J 

y 

y ,,.,., 

::====-,A�_TnT�A:CciHii_,:iirn[,;;;'·Tj::s�·�r :;::,�1-===::::;--;:===========::-cc'i.E'iRt1T'iIFFlttC::A'AT�IUOttN"STTAATTFE\l\l-;:E:-_,ciT,-'---=:::::=:::::=:::::::=====::::: 
�-

�s9eoklg1c �� -� -
--�Well Co�truchon �ram 

_ GaopnJ�; Log(s� ,-
- So1�-Water Chemi� Anaryses 

_ Otner ----e-
s-------

2,.. 
ATTACH ADDITIONAL INFORMATION. IF IT EXISTS 

I. the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 
GRABOW WELL DRILLING, !NC.

NAME ",PE�R�s�o,�r�,,�._-OR�,�,�-=.�,�1,.�,�m=er�,�OR
�PR

�l
�NT�E�DI

-----------------------

12522 - 9th Avenue Hanford CA 93230 
ADDRfSS 

1 1 � J 
CITY SlATE ZIP 

l<...--L' <; r1,n2":i'7,\ 10/05/99 288489 
Signed -.,�,-,1,,�, .. �r,"-,."'=�!l.l�ZE"o�,�EPR'"ar:.,,,='m"AT;:IV[

,,..11.cl!..6..il.):L"-..L---- DATE SIGNED C-',7 LICENSl' NUMBi.fl 

ll\\H J�', IH\'. 11-11� IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 





















































. 

ORIGINAL STATE OF CALIFORNIA DWR USE ONLY - DO NOT FILL IN 

File with DWR 

Page _l_ of_l _ 
WELL COMPLETION REPORT 

Refer to Instruction Pamphlet (STATE WELL NO./STATION NO. 

Owner's Well No.=�-=-��------
No. 7· 8 5 6 2 2 I 1 1 11]1��1��1 □0 8 27 02 09 - 0"7- 02 Date Work Began - - , Ended _______ _ LATITUDE LONGITUDE 

Local Permit Agency TULARE COUNTY ENVIRONMENTAL H EAL TH D EPARTJvlEN 
Permit No. __________ __ Permit Date __ 0_ 8_-_2_3_-_0_ 2 ______ _ 

APN/TRS/OTHER 

GEOLOGI C LOG 

ORIENTATION ( �) � VERTICAL __ HORIZONTAL __ ANGLE __ (SPECIFY) 
DRILLING ROTARY B ENTONITE 

DEPTH FROM METHOD -- - ------ FLUID --}Mf(tJU+D1----
SURFACE I DESCRIPTION 

WELL OWNER 

STATE ZIP 
1-

-
F-t. ""'"-10='-F-1.

-
-,

I 
Describe material, grain si;::;e, color, etc. CITY ', , 

=====o=•:, ===3=0=:::::c:::oN'.'.'.D:::u::::cT=O=R==========================.--A�dd--r-es_s __ .,.._3=:_2
=-
_ .o
=-
_1
=-

_-_A
,...
�V
=--
�E

=--
�N�U_f_

E
_S_¼_

L
_o _c_

A
_n_o_

N 
____ __ __ 

30: 170 : CL AY . 
City ___ ._.· ____________ __ _ _ _ _  _ 

,___1_7_0�: _ 2�9_ 3�, _S_AN_D_Y _C _LA_ Y _ AND __ S_HAL __ E ______ --< Gourity --=T'-'UL=AR=E'----- -----------
,__�2�9�3�,_ •, ___,3'-'2=0'---T:�s=AND='----------- - -----·-1 APN Book 3 11 Page 2 80 

1---=3'-=2'-'0'-,-, ___,3
'""

6"-'0=--r'-C"'L=A""Y"-'AN==.D----"S=HAL=c.=E'--_______ __ · _-1 Township --=2=3=S _Range 23E 

Parcel _ 2_1 ____ _ _ _  _ 
Section_�3�}$.__ ___ _ _  _ 

3 60 ·, 410 ·, SAND >-- ---- ---�--- -------------------1 Latitnde ' ' NORTH Longitude ' ' WEST 

41 O : 4 7 O : SANDY CLAY 
DEG MIN. SEC. DEG. MIN. SEC 

. LOCATION SKETCH -----,--- ACTIVITY ( �) -
l-...'.4tc7�0�,_,25.!_7_1,0�, �Ce_!Lc!!A�Y!._ ___ ______ .:..__ __ ___ --'-..i----- -� NORTH ---- -----t L NEW WELL 

5 70 : 620 ; S AND MODIFICATION/REPAIR 
620 I 650 I CLAY AND SHALE - Deepeo 

650 : 699 ' SAND - Other (Specify) 

699 : 727 : SANDY CLAY 

727, 745 , SAND AVE.5/.f 

. � 
745: 870: BLUE CLAY & SHAL E 

i 870 , 8 80 , SAND <;-
1---8_8_0�, __ 93_ 0_:_B_L_U_ E_ C_L _A _Y ____ _______ ___,"' � ;300 y·l)$. "' 

930 : 9 60 : SAND Y CLAY "' ""' "' 
1----'9�6

-
o �; 

-
1 o

'--

1
-
0�, �s

-
AND----"'----'-"'=-------------1 � �

.s::. 
j-/ WE LL

::s 

10 10 : 1020 : B L UE CL AY J?. . 
I I 

. /;;' !&-�NI 
� I WESTf.(4,i\ 

I .
I 

' 
I . 
I .
I 

' 
I 

I .
I 

I 

...:_; lh\lU'-1 '!;f�,:uc.£ )
YA/1..b ----,----- - ------- ---------1--------SOUTH ----------1 

I .
I 

I 

Illustrate or Desciibe Distance of Well fi·oni Roads, Buildings, 
Fences, Rivers, etc. and attach a map. Use additional paper if 
11ecessan1- PLEASE BE ACCURATE & COMPLETE. 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG") 

PLANNED USES ( �) 
WATER SUPPLY 

_ Domestic _x_ Public 
_ Irrigation ,---X- �I 

MONITORING _ 
TEST WELL_ 

CATHODIC PROTECTION _ 
HEAT EXCHANGE _ 

DIRECT PUSH _ 
INJECTION_ 

VAPOR EXTRACTION _ 
SPARGING _ 

REMEDIATION _ 
OTHER (SPECIFY} _ 

. . WATER LEVEL & YIELD OF COMPLETED WEL L 
I I 

I I 
DEPTH TO FIRST WATER _ __ (Ft.) BELOW SURFACE 

I I 
DEPTH OF STATIC 
WATER LEVEL _ _____ (Ft.) & DATE MEASURED _______ __ _ 

I I 

TOTAL DEPTH OF BORING 1020 (Feet) 
ESTIMATED YIELD • _ _ _ _  (GPM) & TEST TYPF�--- - - -----

TOTAL DEPTH OF COMPLETED WELL 1000 (Feet) 
TEST LENGTH _ __ (Hrs.) TOTAL DRAWDOW",�- -- (Ft.) 
* May not be representative of a we/l's long term yield.

DEPTH 
FROM SURFACE 

Ft. to Ft. 

0 I 30 

0, 800 

800 I 1000 

0, 760 
' 
I 

BORE-
HOLE 
DIA. 

(Inches) 

42 

17 
17 

TYPE (�) 
"' 
z 

� 

} 

z cc 

� �§ 
U U:, 

w 

a: 
::i "' 0 a: 

:x 

] 

} 

CASI NG (S) 

MATERIAL /  INTERNAL GAUGE 
GRADE DIAMETER OR WALL 

(Inches) THICKNESS 

A2 52 29.5 .2 50 " 
A 53B 10. 2'. 0 .2 50" 
A 53B 10. 2.: 0 . 2 50" 
SCH 40 3 .5 

SLOT SIZE 
IF ANY 
(Inches) 

DEPTH 
FROM SURFACE 

Ft. to Ft. 

0 : 750 

750 I 1000 

ANNULAR MATERIAL 

CE· BEN
MENT TONITE 
(�) (�) 
X 

TYPE 

FILL 
(�) 

FILTER PACK 
(TYPE/SIZE) 

lliNUL AR SEA 
X 1/4" GRAVE: 

:::===-IA�T�T::iA7C�HiiMiiEi:iN�Tr<Si(��:;-';"") -= --=-=-=-=::;-;::===========
.._

cr:EFRRTTJOFTTJr::CAT�Jii'o�NJ" �STTAA'TTIERJMWFENNTT-'----:===========:::: 

_ Geologic Log 

_ Well Construction Diagram 

_ Geophysical Log(s) 

_ Soil/Water Chemical Analyses 

_ Other ______ ___ _ 

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS. 

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

NAME WHITTEN PUMPS . INC. 
(PERSON. FIRM. OR CORPORATION} (TYPEO OR PRINTEOI 

502 COUNTY L INE ROAD 
ADDRESS 

I _/_ '.1_L 
Signed j-/Jk{ � • � 

WELL DRILLER/AUTHORIZEO REPRESENTATIVE 

DELANO CA, 93215 
CITY . • STATE ZIP 

3 /� /03 1 482 82  
DAH'. SIGNEif C-57 LICENSE NUMBER 

D\\'H. 188 REV. 11-97 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



























ORIGINAL 
File with DWR 

STATE OF CALIFORNIA 
WELL COMPLETION REPORT 

Refer to Instruction Pamphlet Page 3 of6 
Owner's Well No.�#�1�-2=0=05�----- No. E005996 
Date Wo rk Began 1 2/14/200 4 , Ended2=/=8/=2�0 0�5�---

Lo cal Permit Agency _,_T_,_I ,.,._II .cA,.,_R,..E-'-C,..Q,,I..ulN"'IY-'--'----------- ------
Permit No. �1�6=2�1�6----- - - -Permit Date _1 _0 �/4�/_2_0_0 _4 _ _ __________ _ 

APN/T RS/ OTHER 

.------------· GEOLOGIC LOG ---------r---------wELL OWNER 
_,L_ VE

DRILLING
t-------�

I 
METHOD REVERSE FLUID DEPTH FROM - - ---

SU RFAC E DESCRIPTION

ORIENTATION(£) R
 

TIC AL _ HORIZONTAL _ ANGL E _(S P ECIFY) Name _ _ _ _ _ _ __ __  

Ft. to Ft. I Describe material, grain, size, color, etc. CITY 

5 42: 5 46 i BROWN SANDY CLAY, COARSE SAND SM ROC Address AVE 93 & RD. 2�LL LOCATIO�·

CA 93270
ST AT E ZIP 

546 i 55 2 i BROWN SANDY CLAY City �T=E�R�RA'-'-=B=E=L=LA--'--"C'--A'------- -- - -------
55 2 i 56 4 i BROWN & DARK BRWON SANDY CLAY Coun TULARE 

56 4 i 5 67 i BRN DARK BRN SANDY CLAY & COARSE SAND APN :o�o k=�=2�0�-
P-ag

_
e
_

0
_

50 
___ 

P
_
a

r_ c
_
et

_
0

_
0

_
2
______ _ 

56 7 595 , BROWN SANDY CLAY Township =23�S�_ Range2_IL_ Sectio n �5 _ __ _ _ _ __ 
1---5 _95_,_ __ 60_1_,_B _R _O _W_N_&_G_R_E

_
E

_
N _S_A_N_D_ Y_C _L _A _Y _ ____ ---1 Latitude , 

6 01 61 2 GREEN SANDY CLAY D EG. MI N . S EC. DEG. MI N. S EC. 
l----:-61--:2:-;--

----:
6'-'.1-:::7-t-=-R':::'ED:==:B-:::R--:Oc:-W:-cN,.,--:,S--,-A'c-'N=:-D-'--Y:--:Ccc-L--cAc:-Y:--

- ----
-t---- LOCATION SKETCH---�-ACTIVITY c,,::) -

1--.::�+--::'._'._:_+::..::C:::::..:�.:::_:__:.:.:�_.::..:.!:::_!__:::::!_!.!_ ___ _ ____ ,- - ----- NORT H --------1 _,L_ N EW W ELL 
6 17 6 21 GREEN SANDY CLAY COARSE SAND 
6 21 

M ODIFICATI ON/R EPAIR 
6 23 GREEN & BROWN SANDY CLAY COARSE SANC _ Deepen 

623 6 28 GREEN SAND CLAY - Other (Specify)
6 28 634 RED BROWN SANDY CLAY 
6 34 6 41 GREEN SANDY CLAY 
6 41 646 GREEN SANDY CLAY COARSE SAND 
6 46 649 GREEN & RED BROWN SANDY CLAY 

_ DESTROY (Describe 
Procedures and Materials 
Under "GEOLOGIC LOG" 

PLANNED USES ( L)
W AT ER SUPP LY l------ -�---- - --------- - ----lf-

6 49 � 6 57 DARK GREEN SANDY CLAY & COARSE SAND I- - Domestic _ Public 
� _L Irrigation _ Industrial l----c-=+---,--,-,-+,c--,-�-==c���--------- --l� 

65 7 > 66 2 DARK GREEN CLAY 
66 2 66 7 DARK GREEN SANDY CLAY & COARSE SAND 

66 7 66 8 DARK GREEN SANDY CLAY 
66 8 6 73 DARK GREEN SAND CLAY & COARSE SAND 
6 73 6 75 DARK GREEN & BROWN SAND CLAY 
6 75 6 77 DARK GREEN SANDY CLAY 
6 77 6 81 DARK GREEN & BROWN SANDY CLAY C SAND 

M ONIT ORING -
T EST WELL_

�ATHODIC P ROT ECTI ON_
HEAT EXCHANGE

DI RECT PUSH_ 
I NJECTI ON _  

VAP OR EXTRACTI ON _ 

6 81 1-------- SOU TH -- --------< 6 84 DARK GREEN SANDY CLAY & SAND 
SPA RGI NG_ 

REM EDI ATI ON_ 
OTH ER (SPECIFY)_ 6�8�4+-

--=-+--==���=�==- - - - - -----l Illustrate or Describe Distance of Weil from Roads, Buildings, 
Fences, Rivers, etc. and attach a map. Use additional paper if 

6
�8�

5
+--�=-+c�����������������--, necessary. PLEASE BE ACCURATE & COMPLETE. 

6 85 GREEN SANDY CLAY 
6 88 FINE TO COARSE SAND SM ROCK GRAVEL 

688 i 6 91 DARK GREEN SANDY CLAY COARSE SAND WATER LEVEL & YIELD OF COMPLETED WELL 
6 91 i 6 94 RED BROWN SAND CLAY D EPT H TO FI RST W AT E.n,._ __ (Ft.) BELOW SURFACE 
6 94 i 6 97 DARK GREEN SANDY CLAY DEPTH OF STA TIC 

t---,5�9=7c+
i

--7=0=7=-+-c, D�A�R-K-G=R-=E=E=N�S�A.,..,N=o�----------1 W AT ER L EVEL -----(Ft.I & DAT E MEASUR ED- - - - - - - --, 

TOTAL DEPTH OF BORING 10 26 (Feet) 
TOTAL DEPTH OF COMPLETED WELL 1000 

ESTIMAT ED YI EL D • (GPM) & T EST TY PE _______ __ I 

(Feet) 
TEST L ENGTH __ ( Hrs.) TOTAL DRAW DOW N _ _  (Ft.) 

Mav not be renresentative of a we/l's lon�-term vield. 

DEPTH BORE- CASING(S) DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE TYPE (.✓ I FROM SURFACE TYPE 

DIA. "' z 
�,! 

it MAT ERIAL/ I NT ERN AL GAUG E SL OT SIZE z LIJ a: C E- BEN-(Inches) s :l! GRA DE DIAMET ER OR WALL IF ANY M ENT T ONIT FILL FILT ER PACK Ft. to Ft. 
" (.) 

u, ::J (Inches) THICKN ESS (Inches) Ft. to Ft. (TYPE/SIZ E) u: (✓) (✓) �)

0 50 44" ✓ STFFI "lA" !'i/1 R" 0 50 ✓ SIX SACK 
0 5 20 28" ✓ STEEL 1R" no 5/16 " 0 1026 ✓ 1 /4X8& 5/16 

5 20 1 000 28" ✓ STEEL 16 " OD 5/1 6" .0 60 SLO 

::::==�A:..TTmA:Cc�HiivMiiiE:;;jNTT;:-S �l;--:L�I --:'.::::::::::::::::;-:::==========�rc:j,E:jjR:,:T:jilF;;;l,r'CA•._T
_
IO

_
N_S

_
T...;.A

_
T

_
E

_
M_E

_
N
_
T.__--_""_ ... _-_-_ .... _-_-_-_ .... _-_-_-_-_-_-_-_-_-_-_-_-'-

- Geologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 
_,L_ Wel l Construction Diagram NAME MYERS BROS. WELL DRILLING INC. 
_,L_ Geophysical Log(s) (PERSON, FI RM. OR C ORP ORATI ON) (TYP ED OR P RINT ED) 

_ Soil/Water Chemica l Analysis 8650 E. LACEY BLVD. HANFORD 
- Other----- - - -

ATTACH ADDITIONAL INFORMA TJON, IF IT EXISTS. 

ADD RESS CITY 
Signed ccw=E,-,-LL--cD=RcclL--,LE=R/7A

7UT"'Hc-::O-=cR=lz=EDc-=cRE==P=R=ES=EccNT"'A-=TcclV=-E------
DWR 188 REV. 11-97 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 

02/10/05 
D AT E SIGN ED 

CA 93230-4844
STAT E ZIP 

548214 
C-57 LIC ENS E NUMBER 
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ORIGINAL 

FIio Original, Oupllcalo and Trlpllcale 

REGIONAL WATER POLLUTION 

ER W�LERS REPORT 
(Section, 7076, 7011, 7078, Water Code) 

Do Not Fill In 

Ng 11872.2 

CONTROL BOARD No, ... __ _ THE RESOURCES AGENCY OF CALIFORNIA 
(l,mrt •P/Jrof,t/4/t numbtr) 

State Well No. r 

Other Well No .. r.JJJ/_sjl{./.0..£�_'i{J 

Fresno, Galif. 93704 

(2) LOCATION OF WELL:
County rrulare Owner's number, if 1ny-

R. F. D. odtmt No. ½ mile east 01' H.d. 160 -
South of' Ave. 16 

r-
e 3) TYPE OF WORK (check):

New well tlt Deepening D Reconditioning 0 Abandon D

1/ abandonme11t, Jescribe material and procedure in I/cm 11. 

(4) PROPOSED USE (check): (5) EQUIPMENT:
Domestic @ Industrial □ Municipal □ Rotary [x

Irrigation D Test \Veil D Other □
Cable
Dug Well □ 

(6) CASING INSTALLED: If gravel packed 
SfNGLE.x) DOUBLED Gage 

Di,metcr 
15

from to 
FromO ft, to J 50 1t.8 5/..S 3/1&.":11 af Dore ft. ft, 

" .. " .. " . . .. .. 
.. .. " .. " 20 I tg .. bottli>m 
" " " .. 
" .. .. .. 
" " " .. 

Type 2nd size of 1hoc or well ring 

Describe joint collar w/ fillet

(7) PERFORATIONS:
Type of rcrCoutor u1i:d ma ch in e 

" .. 
" .. 
" .. 

Sit.e: o( gruel: 

weld 

Size of perCorationl • 0 80 x 2 in .. li:n,th. by 6 cc 

.. 

.. 

.. 
t: ti

in. 

From2 50ft. to 3 50 ft. 2 fol."" ,ow 8 Row,"" ft . ..;..;;;c__ ____ ...:..:;;.:c.,=·.;;.;... ____ --'-';;__;=.c.c.;

(8) CONSTRUCTION:
'1"u a 1urface unitary 1ul provided·? �-;:. Yu lQ No To what depth ft. 

\l"eu any nrau tuled .ag.aintt pollution? M Yes O No H yu, nole depth al nuu 

From o ft. to 50 ft. 

Method of Sealing cement

(11) WELL LOG:
Taul di:pth 3 50 T ft, Depth of completed �·�II 

Form:ation: DtJcribt by color, rhart1rltr1 si:r o/ matrri,d, 11,idlr11rt,1rr.
0 ft. to 9rt. top SOJ.. 

9 .. 152.. saad & clay 
152 350.. sandy clay 

.. 

.. 

.. .. 

.. .. 

.. .. 

.. 

.. 

.. 

\l'ork ttarted 5-24-6'? 19 

WELL DRILLER'S STATEMENT: 

3 50' h. 

19 

(9) WATER LEVELS:

UL.known This u•tll WtlS drilled under m)' jurisdic-Uon and this rrpor u rU( lo /ht bt1t of
Depth at which tT.ater W11 firit found ft. my k. nou•lrJsr t:nd belirf. ---------------------------
_s ,_,._Ji_• •_1 '_"_1 b_,_ro_ .. _._ .. _fo_,._,,_ •• __________________ f

t
. NAME Whitt en Pump S l Inc o 

Sondln� level alter perfoutin3 ft. rT,prJ or pr1111rJ) 
Add,,., 

(IO) WELL TESTS: 

\l"n a pump tut nudel O Yu JO No If yu, by whom? 

Yield, gal./min. with ft. dra.,.. down ahtr Jm, 

Ttmrtruure of wuer Tu a chemical analytll made? 0 Yu QCNo 

'\l'.n 1lcctri_c 101 made.of welll lK1 Ye• __ 0 No 



















.. �. 
-�---: 

ORIGINAL 

FIie with DWR 

:\",itk,. u( IJttml Sn, ________ _ 

J .. IC'� Pt-rnt.h No. or D•l�-------

'�-

STATIE 0,. CALl,.OJINIA 

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES 
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7.31.18   Status Member Latitude Longitude Township Range Section Quadrant Well Log # State Well # Well Address Well Type Static Water 
Level

Well Depth Perforation Well Seal Casing

N/A

N/A

Proposed X 36.145189 -119.091003 20S 27E 31 3 482061 20S27E013I001M 20743 Rd 232, Strathmore, CA Irrigation 300 Screen (118'-290') N/A A/252 (0'-118', 290'-300')
Candidate X 36.165987 -119.054748 20S 27E 28 3 E0016727 20S27E028E001M 21525  Ave 196, Strathmore, CA 93267 Domestic 304 PVC Screen (204'-224', 244'-264', 284'-304') Cement (0'-20') PVC (0'-204', 224'-244', 264'-284')

Proposed X 36.175531 -119.030818 20S 27E 22 4 349117 20S27E022D001M 24252 Ave 212, Lindsay, CA 93247 Irrigation 200 Perf (40'-200') Cement (0'-20') PVC (0'-200')
Proposed X 36.140927 -119.016815 20S 27E 35 4 E0159252 20S27E035Q001M 350' E of Rd 248 & .3 mi S of Ave 196, Strathmore, CA Irrigation 339 Screen (105'-145', 195'-295', 315'-335') Cement (0'-22') Steel (0'-105', 140'-195', 295'-315')

Proposed X 36.1204 -119.249 21S 25E 11 1 489364 21S25E011F001M 18170 Rd 144, Tulare, CA Domestic 252 N/A Cement (0'-50') Cal Wels (0'-248')
Proposed X 36.09550833 -119.2186111 21S 25E 13 1 153207 3/4 miles E of Rd 152, 250' N of ave 168 Domestic 124 N/A N/A Steel (0-108)
Proposed X 36.120833 -119.231874 21S 25E 12 1 243330 21S25E12D001M Irrigation 425 Louver (210'-420') Gravel (0'-420')
Proposed X 36.09484167 -119.2191667 21S 25E 12 1 488425 15754 Ave 160, Tulare, CA Irrigation 257 Steel Screen (175'-225') Cement (0'-20')

Complimentary 36.109227 -119.298933 21S 25E 8 2 E001212 21S25E008P001M 12212 Avenue 176, Tulare, CA Public 480 Louver (300'-460') Cement (0'-50') Steel (0'-300', 460'-480')
Candidate X 36.1308 -119.28629 21S 25E 5 2 E006010 Rd 128 and 1 mile north of Ave 180 Irrigation 600 Screen (200-600) Cement (0-20) Plastic (0-25), Steel (200-600)
Complimentary 36.1308 -119.28629 21S 25E 5 2 154859 1.2 mi north 184 on road 128 w side Domestic 240 clean cut (192-234) cement (0-20) steel (0-234)

Complimentary 36.064 -119.289 21S 25E 32 3 56124 21S25E032A001M 12565 Ave 152, Tipton, CA 93272 Public 580 Steel Screen (410'-560') Cement (0'-50') Steel (0'-410', 560'-580')
Candidate X 36.090905 -119.286143 21S 25E 20 3 519754 21S25E020A001M 16500 Rd 128 Vieira Trucking, Tipton, Ca Domestic 273 Louver (203'-263') Cement (0'-20') Steel (0'-203', 263'-273')

Proposed X 36.060382 -119.2302192 21S 25E 36 4 E0084286 1/4 mi S. and 550 ft E of rd 152 and ave 152 Domestic 650 Screen (320-640) Cement (0-50) Steel (0-640)
Proposed X 36.08380556 -119.2502778 21S 25E 22 4 129332 40' W of rd 144, 1/4 mi N of ave 160 Irrigation 517 slot(262-402, 432-462, 482-506) NA NA
Complimentary 36.078361 -119.228755 21S 25E 25 4 3243 21S25E025D001M 14808 Rd 152, Tipton,CA 93272 Public 520 Ful-Flo (300'-500') Cemenet (0'-50') Steel (0'-300', 500'-520')

Proposed X 36.117461 -119.125431 21S 26E 11 1 E0212720 21S26E011H001M 18051 Road 200, Porterville, CA Domestic 250 Screen PVC (190'-250') Bentonite (0'-20') PVC (0'-190')
Candidate X 36.107517 -119.148067 21S 26E 15 1 565211 21S26E015B002M .25 mi W of Rd 192, 450' S of Ave 176, Strathmore, CA Domestic 212 NULL Cement (0'-20') Steel (0'-212')

Proposed X 36.12420729 -119.1878316 21S 26E 5 2 E0264833 21S26E05P001M 17422 Ave 184, Woodville Domestic 500 Screen (160'-180', 200'-280', 3340'-360', 280'-500') Cement (0'-20') PVC SDR 17
Proposed X 36.112704 -119.178767 21S 26E 8 2 488430 21S26E08R001M 17095 Ave 184 Strathmore, CA 93267 Irrigation 325 Mill (150-210) Cement (0-100') steel (0-325)
Proposed X 36.094594 -119.176583 21S 26E 16 2 E0114156 21S26E016N003M 17612 Ave 168, Porterville, CA Domestic 262 Steel Screen (184'-262') cement (0'-50') Steel (0'-184')

Proposed X 36.064527 -119.1829 21S 26E 32 3 E049930 21S26E032B002M 174327 Ave 152, Poterville CA Domestic 280  Louver screen (200'-260') cement (0'-20') Steel (0'-200'), steel (260'-280')
Candidate 36.06608866 -119.1923731 21S 26E 29 3 E0003215 21S26E29N001M .25 mi N of Ave 152 & .5 mi E of Rd 168 Irrigation 440 Louver (200'-440') Cement (0'-50') Steel

Proposed X 36.09177 -119.11424 21S 26E 24 4 508057 21S26E024B001M .25 mi N of Ave 164, .125 mi E of Rd 204 Domestic 300 screen (140'-300') cement (0'-20') A53B (0'-140')
Proposed X 36.060209 -119.107592 21S 26E 36 4 29615 21S26E036H004M 14905 Rockford Ave, Porterville, CA Domestic 152 N/A N/A Steel (0'-11')

Candidate X 36.1302 -119.039 21S 27E 3 1 E0032171 21S27E003M001M 23869 Avenue 188 Porterville, CA 95324 Domestic 165 Steel (88'-128'), ASTMF480 (125'-165') Cement (0'-20') Steel (0'-88'), Steel (128'-138'), ASTMF480 (125'-165')
Candidate X 36.114593 -119.000205 21S 27E 12 1 243056 Left Plano rd 1/4 mi N Lewis Hill Domestic 250 slot (70-91) Cement (0-71) steel (0-91)
Candidate 36.1287 -119.018 21S 27E 1 1 515357 21S27E001J001M 18574 Rd 248, Porterville, CA 93257 Domestic 185 PVC screen (80'-185') Cement (0'-20') PVC (0'-80')

Proposed X 36.136091 -119.097994 21S 27E 6 2 516921 21S27E006B001M 19070 Rd 212, Strathmore, CA Domestic 190 PVC Screen (120'-190') Cement (0'-20') PVC (0'-120')
Proposed X 36.12 -119.081 21S 27E 8 2 258420 21S27E008E001M 18229 Rd 220, Strathmore, CA 93267 Domestic 170 Screen (116'-160') None Steel (0'-160')
Proposed X 36.10549722 -119.0891667 21S 27E 18 2 360725 21S27E018M001M 17372 Rd 216, Porterville, CA Domestic 300 Louver Screen (150'-300') Cement (0'-55') Steel (0'-300')

Candidate X 36.062656 -119.089325 21S 27E 31 3 E0092062 21S27E031A004M 15035 Rd 216, Porterville, CA 93257 Domestic 220 N/A Bentonite (0'-20') Steel (0'-196')
Candidate X 36.063636 -119.081319 21S 27E 32 3 E0175765 21S27E032C001M Avenue 216, Porterville, CA Irrigation 290 Steel Screen (120'-200') Bentonite (0'-20') Steel (0'-120', 200'-228')

Proposed X 36.087404 -119.00222 21S 27E 24 4 E0078229 21S27E024H001M 710 E. Westfield Avenue, Porterville, CA Domestic 200 PVC Screen (140'-200') Cement (0'-20') PVC (0'-140')
Candidate 36.072439 -119.017484 21S 27E 25 4 283750 21S27E025H001M 369 N. Hockett St, Porterville, CA 93257 Public 230 Ful Flo (124'-215') Cement (0'-108') Steel (0'-230')
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7.31.18   Status Member Latitude Longitude Township Range Section Quadrant Well Log # State Well # Well Address Well Type Static Water 
Level

Well Depth Perforation Well Seal Casing

Candidate 36.109161 -118.922772 21S 28E 13 1 E0034103 21S28E013K001M 29059 Ave 176, Porterville, CA 93257 Domestic 325 Open hole (20'-325') Cement (0'-20') Steel (0'-20')
Candidate 36.109154 -118.922776 21S 28E 14 1 E0003246 21S28E014C001M Frazier Valley Road, Springville, CA Domestic 325 Open Hole (20'-325') Cement (0'-20') Steel 

Candidate 36.113481 -118.959006 21S 28E 9 2 E014822 21S28E09 Corner of Rd 276 & Ave 176, Porterville, CA Domestic 225 ASTMF 480 (145'-225') Cement (0'-20') Steel
Candidate 36.113851 -118.958563 21S 28E 9 2 E0028138 21S28E09L001M 17601 Rd 276 Lot 6, Strathmore, CA 93267 Domestic 163 ASTF480 Screen (103'-123') Cement (0'-20') ASTF480 (0'-103', 123'-143')

Candidate 36.056346 -118.982709 21S 28E 31 3 460741 21S28E31 1551 E. Success Drive,Porterville, CA Public 280 Screen (60'-100', 180'-280') Cement (0'-48') Steel 
Candidate 36.061786 -118.970125 21S 28E 32 3 498582 21S28E032G001M 2125 East Roby, Porterville, CA Public 256 Steel Screen (60'-256') Cement (0'-50') Steel (0'-60')

Candidate 36.079577 -118.899968 21S 28E 25 4 53591 21S28E025B001M SW corner of Highway 190 & Success Valley Rd Domestic 240 N/A Cement (0'-53') N/A
Candidate 36.052067 -118.935087 21S 28E 34 4 E0028646 21S28E034Q001M 14428 Road 284, Porterville, CA 93257 Domestic 145 PVC Screen (45'-65', 85'-105', 125'-145') Cement (0'-20') PVC (0'-45', 65'-85', 105'-125')

Proposed X 36.044 -119.241 22S 25E 2 1 715324 22S25E002C001M 60' W of Ave 152 & .13 mi N of Ave 136, Pixley, CA Irrigation 570 Louver (270'-570') Cement (0'-20') Steel (0'-270')
Candidate X 36.0468 -119.229 22S 25E 1 1 718412 22S25E001G001M 15329 Ave 144, Tipton, CA 93272-1317 Domestic 320 Louver (260'-300') Cement (0'-20') Steel (0'-260', 300'-320')

Complimentary 36.03631389 -119.2772222 22S 25E 9 2 457618 1/2 mi w and 60' south of rd 136 and ave 136 Public 485 louver (270-470) Cement (0'-50') steel 90-270, 470-485)
Complimentary 36.0127 -119.273 22S 25E 16 2 542641 22S25E016Q001M 13400 Avenue 120, Pixley, CA 93256 Public 600 Louver (330'-570') Cement (0'-50') Steel (0'-330', 570'-600')

Proposed X 36.00003611 -119.2927778 22S 25E 20 3 E0259438 11527 road 120 Irrigation 840 Steel screen (340-400, 600-840) Cement (0-20) Steel (0-862)
Candidate X 36.00726111 -119.3141667 22S 25E 19 3 396627 11428 rd 124, pixley, ca Domestic 588 louver (318-588) cement (0-20) steel (0-300)
Candidate 35.97198611 -119.2841667 22S 25E 33 3 E070485 1520 E. Court Street, Pixley Irrigation 721 Milled Screen (361-441, 481-581, 601-641) Cement (0'-50') PVC (0-721)

Candidate 35.986102 -119.250149 22S 25E 26 4 512019 22S25E026D003M 10810 Rd 144, Pixley, CA Domestic 400 Steel Screen (200'-400') Cement (0'-28') Steel (0'-200')
Complimentary 35.977 -119.228 22S 25E 36 4 718426 22S25E036E001M 14867 Ave 104, Pixley Domestic 615 Louver (330'-600') Cement (0'-50') Steel (0'-330', 600'-615')

Complimentary 35.956207 -119.454541 23S 23E 2 1 E0000257 23S23E002N001M 9200 Cental Valley Hwy, Alpaugh, CA 93201 Irrigation 460 Steel Screen (260'-460'0 Cement (0'-20') Steel (0'-240')
Complimentary 35.946602 -119.460804 23S 23E 11 1 E0037017 23S23E011E001M 5053 Avenue 88, Alpaugh, CA Domestic 538 Steel Screen (242'-522') Cement (0'-50') steel (0'-242')

Candidate 35.95732778 -119.4838889 23S 23E 4 2 E077033 Ave 112 & Rd 40 Irrigation 1330 Screen (870-910, 930-990) Cement (0-500) Steel (0-1044)

Candidate 35.887 -119.501 23S 23E 32 3 785622 23S23E032D001M 3201 Avenue 54, Alpaugh, CA Public 1000 A53B Screen (800'-1000') Cement (0'-750') A53B (0'-800')

Complimentary 35.893099 -119.478532 23S 23E 27 4 E0080474 .5 mi N of Ave 54 on West side of Rd 42, Alpaugh, CA 93201 Domestic 285 Ag Flow (650'-930', 970'-1010') Cement (0'-25') Steel 
Candidate 35.886141 -119.482427 23S 23E 34 4 1095876 23S23E034F001M Mcneely Rd/ Church Ave, Alpaugh, CA Domestic 1230 Louver (1025'-1085', 1160'-1210') Cement (0'-975') HSLA (0'-1230')

Proposed X 35.936503 -119.259753 23S 25E 10 1 E01033591 23S25E010P002M 50' W of Rd 140 & 530' N of Ave 80, Delano, CA 93215 Irrigation 800 Steel Screen (320'-800') Cement (0'-50') Steel (0'-800')
Candidate 35.949672 -119.23972 23S 25E 11 1 788520 23S25E011B001M 14895 Ave 88, Pixley, CA Irrigation 520 Steel Screen (280'-520') Cement (0'-25') Steel (0'-520')

Proposed X 35.959983 -119.2805 23S 25E 4 2 E076023 23S25E004F001M 1550 E. Terra Bella, Pixley, CA Domestic 495 Milled Slo (415'-495') Cement (0'-56') PVC
Proposed X 35.946 -119.303 23S 25E 8 2 724662 23S25E008G001M 8596 Rd 120, Pixley, CA 93256 Domestic 420 PVC Screen (340'-420') Bentonite (0'-20') PVC (0'-340')

Candidate 35.8928 -119.292 23S 25E 29 3 793874 23S25E029O001M Near 1898 W Sierra , Earlimart, CA Domestic 200 PVC Screen (140'-200') Cement (0'-27') PVC (0'-140')
Candidate 35.8806 -119.279131 23S 25E 33 3 944088 23S25E033L001M Intersection of Clay & Ash Ave, Earlimart, CA Public 820 Ful Flo (340'-510',560'-760',780'-810') Cement (0'-225') Steel 

Proposed X 35.884273 -119.231223 23S 25E 36 4 E0083349 23S25E036M001M 15051 E Washington Ave, Earlimart, CA Domestic 305 PVC Screen (265'-305') Cement (0'-20') PVC (0'-265')
Candidate 35.885141 -119.215812 23S 25E 36 4 E0196006 23S25E036H001M 15968 Avenue 52, Earlimart, CA Domestic 600 Milled Slots (360'-380', 400'-440', 480'-540') Cement (0'-20') PVC (0'-600')
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Candidate 35.947243 -119.050011 23S 27E 10 1 1095772 23S27E010D001M 8781 Road 234, Terra Bella, CA 93270 Domestic 420 PVC Screen (220'-240', 320'-420') Cement (0'-43') PVC (0'-220', 240'-320')

Proposed X 35.9557 -119.083545 23S 27E 5 2 E005996 23S27E005L001M Ave 93 & Rd 224, Terra Bella, CA Irrigation 1000 Steel Screen (520'-1000') Cement (0'-50') Steel (0'-1,000')
Candidate 35.93510278 -119.1069444 23S 27E 18 2 1095632 S/E corner ave 80 and Rd 208 Domestic 600 Steel Screen (560-600) PVC (0-600) Benonite (0-20)

Proposed X 35.916566 -119.061071 23S 27E 21 3 956181 23S27E021G001M 22881 Ave 70, Terra Bella, CA 93270 Irrigation 770 Steel Screen (340'-700') Cement (0'-50') Steel (0'-340')
Proposed X 35.916741 -119.059529 23S 27E 21 3 718188 23S27E021G001M .25 mi W of Rd 232 & 100 ft S of Ave 70, Ducor, CA Domestic 540 PVC Screen (300-540') Cement (0'-22') PVC (0'-300')

Proposed X 35.895148 -119.050692 23S 27E 27 4 925804 23S27E027N002M End of Ave 58, Ducor, CA Municipal 1405 Ful Flo (1.035-1.385') Cement (0'-995') Steel ASTM606
Proposed X 35.89313889 -119.0452778 23S 27E 27 4 154514 500' N of Ave 56 & 120' W Rd 236, Ducor Municipal 1341 Ful Flo (1136-1336) Conductor (0-50) Cement (953-1053) Steel (0-1341)

Candidate 35.848516 -119.353036 24S 24E 11 1 E039965 Ave 24/ Hwy 43, Allensworth, CA Irrigation 102 PVC Screen (40'-60', 80'-100') Cement (0'-20') PVC
Candidate 35.850655 -119.39024 24S 24E 10 1 E0149327 24S24E010M001M Between 1318 N & 33425 Young Rd, Allensworth, CA Domestic 470 PVC Screen (450'-470') Concrete (0'-57') PVC (0'-450')

Candidate 35.846717 -119.381546 24S 24E 16 2 957404 24S24E016B001M 8513 Ave 32, Allensworth, CA 93219-9346 Domestic 440 PVC Screen (340'-440') Cement (0'-60') PVC (0'-340')
Candidate 35.833992 -119.386663 24S 24E 16 2 793901 0.9 mi W HWY 43, off Ave 24, Allensworth Domestic 200 Steel Screen (69'-87', 180'-200') Bentonite (0'-55') Steel

Proposed X 35.824339 -119.406088 24S 24E 20 3 E0083113 Ave 24 & Road 80, Tulare, CA Irrigation 1000 Steel Screen (600'-1000') Cement (0'-50') Steel
Proposed 35.813595 -119.4018987 24S 24E 29 3 E0077871 Rd 80 between Ave 8 & Ave 16 Irrigation 1000 Steel Screen (600'-1000') Cement (0'-50') Steel

Proposed X 35.804809 -119.366624 24S 24E 27 4 706282 24S24E027P004M Irrigation 925 A53B Screen (320'-925') Cement (0'-20') A53B (0'-320')
Proposed 35.80479444 -119.3702778 24S 24E 27 4 E0346058 Irrigation 1260 LCS Ag, Flo (440'-970') Cement (0'-50') LCS(0'-330',350'-440', 990'-1260')

Proposed X 35.843457 -119.214936 24S 25E 13 1 E0060486 24S25E013D001M 700' N of Ave 26 & 200' W of Rd 160, Delano, CA Domestic 300 PVC Screen (120'-140', 160'-180', 200'-220') Cement (0'-50') PVC (0'-120', 140'-160', 180'-200')
Candidate 35.860302 -119.2559588 24S 25E 10 1 0942275 .5 mi W of Rd 144 & .25 mi S of Ave 40, Earlimart, CA Domestic 174 A53B Screen (360'-800') Cement (0'-30') A53B Screen (360'-800')

Proposed X 35.870424 -119.286442 24S 25E 5 2 E064159 24S25E005H001M NW corner of Rd 128 & Ave 44, Earlimart, CA Irrigation 600 Louver (280'-600') Cement (0'-20') Steel (0'-280')
Candidate X 35.8478 -119.2723 24S 25E 16 2 E0255713 24S25E16B001M Ave 24 & rd 136 1/2N W/S Irrigation 971 Screen (380'-971') Cement (0'-50') Steel (0'-40', 0'-380', 380'-971')

Candidate 35.830064 -119.277306 24S 25E 21 3 E0033166 24S25E021H001M .25 mi S of Ave 24 & .5 mi W of Rd 136, Radnor, CA Domestic 300 PVC Screen (80'-100', 120'-140', 160'-180', 200'-220', 240'-260', 280'-300') Cement (0'-20') PVC
Complimentary 35.7959 -119.287 24S 25E 32 3 40537 24S25E032M001M 255 Road 128, Delano, CA 93215 Domestic 605 Screen (161'-605') Cement (0'-60') Steel (0'-605')

Proposed X 35.802562 -119.243454 24S 25E 35 4 1095774 24S25E035H001M 391 Rd 148, Delano, CA 93215 Domestic 340 PVC Screen (160'-320') Cement (0'-36') PVC (0'160', 320'-340')
Candidate 35.794199 -119.240165 24S 25E 35 4 E064684 24S25E035N001M 216 Road 148, Delano, CA Domestic 400 Milled Slo (220'-240', 260'-280', 300'-320') Cement (0'-20') PVC 

Proposed X 35.8556 -119.149 24S 26E 10 2 915227 24S26010N001M .5 mi W of Rd 192 & .25 mi N of Ave 32, Delano, CA Domestic 300 Steel Screen (200'-300') Cement (0'-28') Steel (0'-200')
Candidate X 35.8384 -119.144 24S 26E 15 1 915226 24S26E015M001M Domestic 400 Steel Screen (300'-400') Cement (0'-57') Steel (0'-300')
Candidate X 35.848104 -119.135172 24S 26E 14 1 E0073186 24S26E014A002M .45 mi E of Rd 192 & 1 mi S of Ave 40, Delano, CA Irrigation 800 Steel Screen (360'-800') Cement (0'-20') Steel (0'-360')

Proposed X 35.85475833 -119.1347222 24S 26E 17 2 E0070434 24S26E017H004M 3251 Rd. 152, Delano, CA 93215 Irrigation 760 Steel Screen (260'-760') Cement (0'-30') Steel (0'-260')
Candidate X 35.837924 -119.188717 24S 26E 11 2 36201 So 1/2 Sec 11, Township 24s, Range 26E Domestic 399 300-399 Cement (0'-50') Single (0-399)

Proposed X 35.8192 -119.205 24S 26E 30 3 118722 24S26E030B001M .5 mi S of Rd 160 & S of Ave 16, Delano, CA Irrigation 350 (250'-350') Cement (0'-50') Single (0'-350')
Candidate 35.795829 -119.161153 24S 26E 33 3 E0250808 24S26E033J00M 1800' N County Line Rd, 40' W Rd 184 Domestic 820 Screen (400-820) Cement (0'-50') Low Carbon Steel (0-820)

Candidate 35.8078 -119.142 24S 26E 26 4 48690 24S26E026K001M Rd 192 & Ave 8, Richgrove, CA Domestic 600 Screen (320'-590') Cement (0'-340') Steel
Candidate X 35.798212 -119.143414 24S 26E 34 4 E0174363 25S27E06A001M .5 mi s of Ave 8 & W of Rd 192, Delano, CA Domestic 990 Perf (520'-690', 790'-820', 950'-980') Cement (0'-505') Steel A53 Grade B

Proposed X 35.867186 -119.017932 24S 27E 1 1 E0146035 Irrigation 1435 Steel Screen (422'-1028, 1028'-1435') Cement (0'-50') Steel
Candidate 35.872573 -119.000671 24S 27E 1 1 No Well Log Domestic

Candidate 35.855835 -119.094197 24S 27E 7 2 E0083586 .5. mi N of Ave 32 & .75 mi E of Rd 208 Irrigation 905 Steel Screen (430'-830') Cement (0'-50') Steel (0'-430')

Candidate 35.798592 -119.103068 24S 27E 31 3 85423 24S27E031G001M N.W. Corner of Rd 120 & Grove Dr., Richgrove, CA Domestic 1100 Screen (650'-1100') Cement (0'-50') Steel (0'-650', 650-1100')
Candidate 35.816392 -119.053985 24S 27E 28 793913 24S27E028H001M 1311 Highway 65, Ducor, CA Domestic 540 Steel Screen (380'-540') Cement (0'-23') Steel (0'-380')

Candidate 35.821411 -119.047032 24S 27E 22 4 515352 24S27E022L001M .5 mi N of Ave 12 & .33 mi E of Hwy 65, Richgrove, CA Irrigation 905 Steel Screen (430'-830') Cement (0'-50') Steel (0'-430')
Candidate 35.79482222 -119.0319444 24S 27E 35 4 1091961 24186 Ave 2, Richgrove ca Irrigation 810 steel screen (480-760 Bentonite (0-20) Steel (0-480,760-800)
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Section A - Introduction 
 
 
This section describes the purpose of the Tule River Basin Integrated Regional Water Management Plan 
(IRWMP) and the regulatory guidelines that motivate the contents of the plan. This section describes how 
the IRWMP meets the 2016 California Department of Water Resources (DWR) Guidelines, and 
requirements for DWR approval.   
 
 
A.1 Purpose of the IRWM Plan 
 
The purpose of an Integrated Regional Water Management Plan (IRWMP) is to document and detail the 
approach of participants within a watershed as to their methodologies for coordinating and integrating 
management of available water resources. The IRWMP is to detail how an area’s management 
methodologies will improve available water supplies, manage flood and drought related events, 
document existing water quality and methods to improve that water quality, conserve and enhance 
habitat and detail how efforts related to land use planning will be coordinated with water resources 
planning. In addition to providing written documentation of a region’s water management goals and 
implementation procedures, the development of a written plan is in satisfaction of the requirements of 
funding programs which are designed to assist in the implementation of policies and projects seeking to 
improve water management. 
 
One of the principal purposes of the IRWMP is to provide a flexible water management system which 
takes into account the ever changing hydrologic and governance parameters within the Tule River Basin. 
These changes not only include periodic significant changes in cropping patterns, but also changes in 
water quality objectives, agricultural to urban development trends and regulatory and environmental 
changes impacting the quantities of available surface and groundwater supplies. 
 
 
A.2 IRWM Plan Benefits 
 
Water is a critical resource that is essential to the activities of every person, industry, ecosystem, and 
agency. For this reason, effective water management is indispensable.  IRWM planning contributes to 
effective water management by bridging gaps between industry and governing agencies to develop 
cohesive, mutually beneficial solutions. Development and Implementation of an IRWMP provides multiple 
benefits to a region.  
 

• Identifies regional water resources problems from a variety of stakeholder groups 
• Identifies strategies to address problems 
• Encourages communication and collaboration between neighboring land use agencies  
• Provides opportunities to develop diverse and integrated solutions to water resource problems 
• Establishes monitoring plans to measure progress  
• Makes a concerted effort to include the entire community in water resources planning, including 

Tribal and disadvantaged communities, through an inclusive planning process  
• Is updated regularly to reflect new water management issues 
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A.3 2016 IRWM Grant Program Guidelines 
 
The 2016 State Guidelines specify the requirements and the standards of review that must be included in 
the plan prior to the State’s acceptance and approval of the plan. The requirements under Proposition 1, 
the Water Quality, Supply, and Infrastructure Improvement Act of 2014, differ slightly from those in 
previous legislation. In addition to items required under previous legislation, Proposition 1 requires that 
an IRWMP address the following: 

 
1. Region description 

a. Climate Change Impacts on Region.    
 

2. Plan Objectives 
a. Adapting to changes in variability of runoff and recharge. 
b. Consider effects of sea level rise. 
c. Reducing energy consumption. 
d. Consider strategies adopted by CARB in its AB 32 Scoping Plan to meet IRWM plan 

objectives. 
e. Consider options for Carbon Sequestration and using renewable energy. 

 
3. Resource Management Strategies 

a. Update according to California Water Plan 2013 version including sediment 
management, Outreach and engagement, and water and culture. 

b. Consider effects of climate change towards resources management strategies in the 
region. 

 
4. Project Review Process 

a. Further details in chapter on climate change adaption (Section O – Climate Change). 
b. Reducing energy consumption and GHG emissions. 

 
5. Plan Performance and Monitoring 

a. Specific benefits to critical water issues for Native American Tribal communities. 
b. Policies and procedures that promote adaptive management and adjustments to IRWM 

plan when deemed necessary. 
 

6. Local Water Planning 
a. Process to incorporate stormwater resources plans per Water Code § 10562 (b)(7)(i.e. 

SB985). 
b. Incorporate management issues and climate change adaptation and mitigation 

strategies form local plans in to the IRWM Plan. 
 

7. Local Land Use Planning 
a. Information sharing and collaboration with regional land use planning. 

 
8. Stakeholder Involvement 

a. Outreach and opportunity to participate in the IRWM Plan. Specifically directed towards 
Native American Tribes. 
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9. Climate Change 
a. Vulnerability evaluation must be equivalent to vulnerability assessment in the Climate 

Change Handbook for Regional Water Planning, Section 4 and Appendix B. 
b. List of prioritized vulnerabilities including feasibility of RWMG to address the 

vulnerability.  
c. Adapting to changes in variability of runoff and recharge. 
d. Areas served by Sacramento-San Joaquin Delta of other costal aquifers must consider 

effects of seal level rise on water supply conditions and identify adaption measures. 
 

 
A.3.1 Meeting the 2016 IRWM Plan Guideline Requirements 
 
This document was developed in order to meet all requirements identified in the 2016 IRWMP State 
Guidelines. The sections of this document are intended to be highly integrated, thus the requirements are 
addressed in several sections throughout the document. However the following table (Table A-1) 
summarizes these requirements and identifies where they are most specifically addressed in the IRWMP. 
 

Table A-1: Summary of IRWMP Requirements 
 

 Requirement Section Page 

Governance 

RWMG Responsible for Development and 
Implementation of Plan. B B-2 

RWMG and Individual Project Proponents. B B-1 
IRWM Governance Structure. 

• Public Outreach and Involvement. 
• Effective decision making. 
• Access and Opportunity for participation in 

IRWM. 
• Effective Communication (internal and 

external). 
• Long term implementation of the IRWM 

Plan. 
• Coordination with neighboring IRWM 

groups and State/Federal agencies. 
• Collaborative Process to establish plan 

objectives. 
• Process for changes to IRWM Plan. 
• Updating or amending the IRWM Plan. 

B B-2 

Region Description 

Watershed Description  C C-4 
Internal boundaries C C-14, C-17 
Water Supplies and Demand (20 year min. planning 
horizon) D D-13 

Current and future water quality conditions. C C-18 
Social and cultural makeup of region. C C-28 
Water related objectives and conflicts. E E-1, E-6 
IRWM regional boundary (explanation). C C-1 
Climate Change Impacts on Region. O O-3 

Objectives Describe process used to develop objectives E E-1 
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 Requirement Section Page 
RWMG’s must consider the objectives in the 
appropriate basin plan or plans and strategies to 
meet applicable water quality Standards 

E E-3, 
E-5 

Identify quantitative or qualitative metrics and 
measurable objectives E E-12 

Explain how objectives are prioritized or reason why 
objectives are not prioritized E E-14 

Adapting to changes in variability of runoff and 
recharge. E E-9 

Consider effects of sea level rise.                             E E-9 
Reducing energy consumption. E E-10, 

E-11 
Consider strategies adopted by CARB in its AB 32 
Scoping Plan to meet IRWM plan objectives. E E-10, E-12 

Consider options for Carbon Sequestration and 
using renewable energy. E, E-9 –  E-11 

Resource 
Management 

Strategies 

Identify RMS incorporated in the IRWM Plan: 
Consider all California Water Plan RMS Criteria.   F-1 –  F-22 

Demonstrate effects of climate change factor in to 
resource management. F F-3 –  F-22 

Reducing energy consumption. F F-7 –  F-8 
Update according to California Water Plan 2013 
version including sediment management, Outreach 
and engagement, and water and culture. 

F F-11, F-12, 
F-21 

Address which RMS will be implemented in 
achieving IRWM Plan Objectives F F-23 

Integration Process to develop and foster integration.   

Project Review 
Process 

Procedures for submitting a project to the RWMG. G G-2 
Procedures for reviewing projects to include in the 
IRWM Plan. 

• How Project contributes to IRWM plan 
objectives. 

• How project is related to resource 
management strategies. 

• Technical feasibility of project. 
• Specific Benefits to Disadvantaged 

Communities (DAC) water issues (water 
supply or quality). 

• Environmental justice (EJ) considerations. 
• Project costs and financing. 
• Economic feasibility. 
• Project Status. 
• Strategic considerations for IRWM Plan 

Implementation. 
• Contribution of project to effects of climate 

change. 
• Contribution of project to reducing CHG 

emissions. 
• Whether project proponent has adopted 

IRWM Plan. 

G, 
Appendix H G-1 – G-4 



Tule River Basin Integrated Regional Water Management Plan 
Section A – Introduction 

 

March 2019 A-5 
 

 Requirement Section Page 
• How project will reduce reliance on 

Sacramento- San Joaquin Water Supply (if 
applicable). 

Climate Change Considerations 
• Effects of climate change on region/ 

whether adaptions to water management 
system are necessary. 

• Contribution of project to adapting to 
identified system vulnerabilities to climate 
change effects on region. 

• Changes in amount, intensity, timing, 
quality, and variability of runoff and 
recharge. 

• Effects of SLR on water supply conditions, 
identify suitable adaption measures. 

• Contribution of project to reducing GHG 
emissions compared to project 
alternatives. 

• Projects ability to reduce GHG emissions to 
IRWM Region over 20 year plan horizon. 

• Reduce energy consumption (especially 
energy embedded in water use). 

G, 
Appendix H G-5 

Procedures for displaying list of approved projects. G G-6 

Impact and Benefit 

Discussion of potential impacts and benefits of Plan 
implementation. 

• Within IRWM Region. 
• Between IRWM Region. 
• To DAC, EJ concerns, and Native American 

Tribal communities. 

H H-1  –  H-6 

Plan Performance 
and Monitoring 

IRWM plan performance measures. I I-2 
Monitoring Methods of RWMG’s ability to meet 
objectives/ implement projects in IRWM plan. I I-2 

Specific benefits to critical water issues for Native 
American Tribal communities. I I-4 

Policies and procedures that promote adaptive 
management and adjustments to IRWM plan when 
deemed necessary. 

I I-1 

Data Management 
Process of data collection, storage, and 
dissemination to participants, stakeholders, public, 
and the state. 

J J-2  –  J-8 

Finance 

Plan for financing/ implementation of identified 
projects and programs. K K-1 

Financing for implementation of IRWM Plan. 
• List of known and potential funding 

sources, programs, grant opportunities. 
• List of funding mechanisms including; 

water enterprise funds, rate structures, 
and private financing options for IRWM 
plan projects 

K K-1 – K-4 
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 Requirement Section Page 
• How operation and maintenance costs for 

IRWM Plan projects will be paid for. 

Technical Analysis Documentation of data/ technical analysis used in 
development of the plan. L L-1 

Relation to Local 
Water Planning 

Discuss how IRWM Plan relates to planning 
documents and programs established by local 
agencies. 

M M-3 

Dynamics between IRWM Plan and local planning 
documents. M M-3 

Incorporation of water management issues and 
climate change adaption and mitigation strategies 
from local plans into the IRWM Plan. 

M M-6 

Process to incorporate stormwater resources plans 
per Water Code § 10562 (b)(7)(i.e. SB985). M M-5 

Relation to Local 
Land Use Planning 

Relationship between local land use planning, 
regional water issues, and water management 
objectives. 

M M-1 

Plan for collaborative relationship between land use 
planners and water managers. M M-1 

Demonstrate information sharing and collaboration 
with regional land use planning in order to manage 
multiple water demands throughout the state, 
adapt water management systems to climate 
change, and potentially offset climate change 
impacts to water supply in California. 

N N-6 

Information sharing and collaboration with regional 
land use planning. N N-3 

Stakeholder 
Involvement 

Public Outreach process to promote participation in 
IRWM Plan development and implementation with 
stakeholders/ agencies including the following: 

• Native American Tribes 
• Wholesale and retail water purveyors 
• Wastewater agencies 
• Flood control agencies 
• Municipal and county governments and 

special districts 
• Electrical corporations 
• Self-supplied water users 
• Environmental stewardship organizations 
• community organizations 
• Industrial organizations 
• State, federal, and regional agencies or 

universities 
• DAC members 

N N-2 

Process to identify, inform, invite, and involve 
stakeholder groups in the IRWM process.  B B-3 

How RWMG will endeavor to involve DACs in the 
IRWM planning effort. N N-2 
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 Requirement Section Page 
Decision making process including IRWM 
committees, roles, or positions that stakeholders 
can occupy. 

B B-3 

Necessity of stakeholder involvement to address 
objectives and resources management strategies of 
the IRWM plan. 

N N-1 

Discussion on Collaborative process of groups listed 
above in IRWM Process. B N-1  –  N-7 

Outreach and opportunity to participate in the 
IRWM Plan. Specifically directed towards Native 
American Tribes.  

N N-3 

Coordination 

Process to coordinate water management projects 
and activates of participation local agencies and 
local stakeholders to avoid conflicts and promote 
efficiencies. 

N N-1 

Cooperation and coordination with neighboring 
IRWM Group efforts to address conflicts or similar 
goals. 

N N-3 

Identification of areas where a State agency or 
other may be able to assist in communication, 
cooperation, or implementation of IRWM Plan 
components, processes, and projects or where State 
or federal regulatory decisions are required before 
implementing the projects. 

N N-5 

Climate Change 

Address adaption to effects of climate change O O-14 
Mitigation of GHG emissions E, G, P O-16 
Address climate change in multiple various IRWM 
Plan components along with general discussion O O-1–O-16 

Vulnerability evaluation must be equivalent to 
vulnerability assessment in the Climate Change 
Handbook for Regional Water Planning, Section 4 
and A 

O O-7 
 

List of prioritized vulnerabilities including feasibility 
of RWMG to address the vulnerability. O O-13 

Adapting to changes in variability of runoff and 
recharge. O O-14 

Areas served by Sacramento-San Joaquin Delta or 
other costal aquifers must consider effects of sea 
level rise on water supply conditions and identify 
adaption measures.  

O O-6, O-15 

 
 
A.3.2 Addressing Comments from 2015 IRWMP Submission.  
 
A previous IRWMP was submitted in November of 2015 for this IRWM planning area. It was found that 
the plan was consistent with the 2012 IRWMP Guidelines, however it was inconsistent with the new 2016 
IRWM Guidelines.  This document aims to improve upon the previous IRWMP submission and comply with 
all applicable legislation regarding regional water management planning.  
 



Tule River Basin Integrated Regional Water Management Plan 
Section A – Introduction 

 

March 2019 A-8 
 

A number of comments were made by the California Department of Water Resources during the previous 
IRWMP review process which identified the document’s shortcomings. The following table iterates these 
comments, summarizes how they are addressed in the document, and identifies where they are 
addressed.  
 

Table A-2: Summary of Improvement from Previous IRWMP Submission 
 

DWR Comment How Comment is Addressed Section Page 

No description in the IRWM plan to 
reduce dependence on the Delta 
supply regionally was found. 

Section D – Water Supply, Demand, and 
Water Budget identifies ways to reduce 
dependence on the Delta, including 
conjunctive use practices, expanding surface 
water storage, and expanding policies to 
promote efficient water use. This is also 
discussed in Section C, which describes how 
IRWMP objectives support efforts to reduce 
dependence on the Delta.   

C, D C-13, 
D-16 

A 20-year analysis of the regions 
water supply and demand was not 
presented.  

Regional water supplies and demands were 
predicted through 2040. This analysis was 
based on predicted population growth, crop 
trends, and climate change impacts.  

D D-13 

No information was found regarding 
cultural makeup and there is no text 
regarding tribal community’s water 
challenges. However, there is a 
description of the rural and 
disadvantaged communities and 
their water supply challenges. 

The cultural, social, and economic profile of 
the is discussed in Section C – Region 
Description. The Agricultural, Latino, and 
Tribal communities were found to be the 
most distinguishing cultural influences 
within the planning area. The Section also 
describes each group’s primary goals and 
challenges related to water.  

C 28 

Impacts and benefits to tribes were 
not found in the IRWM plan. The 
only tribal reference is the Santa 
Rosa Tachi Tribe as a member of the 
IRWMP Stakeholders Advisory 
group. 

The process by which projects will be 
evaluated based on their benefits and 
impacts to tribal communities is described in 
section H – Benefits and Impacts. 

H H-6 

Information regarding QA/QC 
measures was not found in the 
IRWM plan. 

Quality Assurance and Quality Control 
Measures were developed to increase 
consistency regarding data management 
and collection. 

J J-7 

No information on the certainty and 
longevity of the plan was found. 

The certainty and longevity of program-level 
and project-level funding sources is 
evaluated in Section K – Financing 
Strategies. 

K 
K-1  

- 
K-3 

No explanation of how O&M will be 
covered was found. O&M is listed as 
an item in the minimum project 
monitoring element list. 

Project proponents are required to identify 
funding opportunities for project operation 
and maintenance costs as a part of the 
project Monitoring and Reporting Plan. 

I I-5 
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A.4 Point of Contact 
 
Questions and comments on this IRWM Plan can be directed to: 
 

 
 

David Duda, AICP 
(805) 904-4394 

david.duda@4-creeks.com 
 
 

David De Groot, PE 
(559) 802-3052 

davidd@4-creeks.com 
 
 

Molly McDonnel, Assistant Planner 
(805) 904-4394 

mollym@4-creeks.com 
 
 
 

4-Creeks, Inc. 
P.O. Box 7593 

Visalia, CA 93291 

mailto:david.duda@4-creeks.com
mailto:david.duda@4-creeks.com
mailto:davidd@4-creeks.com
mailto:davidd@4-creeks.com
mailto:mollym@4-creeks.com
mailto:mollym@4-creeks.com
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Section B – Governance, Stakeholder Involvement, and 
Outreach 
 
 
B.1 Introduction 
 
This section summarizes the Tule River Basin Region governance structure and the stakeholder 
involvement and outreach process. Per the 2016 California Department of Water Resources (DWR) 
Integrated Regional Water Management (IRWM) Guidelines, hereinafter referred to as the “State IRWM 
Guidelines” or “State Guidelines”, the governance structure serves to define the processes, structures, 
and organizational traditions that determine how power is exercised, how stakeholders are involved in 
IRWM Plan development, how decisions are made, and how the IRWM Plan is updated over time. This 
section also provides discussion of: 
 

• State IRWM Guidelines: Governance and Stakeholder Involvement Standards  
• IRWM Program Participants, including the Regional Water Management Group (RWMG), Lead 

Agency, Water Resources Advisory Committee (WRAC), Implementation Affiliates, and Interested 
Stakeholders  

• IRWM Organizational Structure, including governance, and decision-making processes  
• Stakeholder involvement, memorandum of understanding, and public outreach processes 
• Long-term implementation of the IRWM Plan, including the steps for updating and adopting the 

plan 
 
 

B.1.1 State IRWM Guidelines: Governance and Stakeholder Involvement Standards 
 
The 2016 IRWM Program Guidelines (State Guidelines) provided the lead document for the approach and 
content required for the Region’s IRWM Plan. These guidelines reflect current legislation impacting what 
should be included in IRWM Plans throughout the state of California. The Guidelines’ IRWM Plan 
Standards discuss specific elements that must be part of an IRWM Plan, and are included in the IRWM 
Plan requirement tables located in Appendix B – State Requirement tables. 
 
 
B.1.2 IRWM Program Participants 
 
While the Deer Creek and Tule River Authority (DCTRA) has taken the initial lead role for many years in 
Tule River Basin water management related activities, including participation in the joint Kaweah River 
Basins/Tule River Basin IRWM Stakeholder Advisory Group, a number of other entities that manage water 
have expressed interest in being a member of Tule River IRWM Group. They have done so through 
participation in joint water management activities, with participation of the majority of the entities taking 
place prior to any external funding project activities occurring related to IRWM activities.  
 
The active participants of the Tule River IRWM Group currently include the County of Tulare, the Lower 
Tule River Irrigation District, the City of Porterville, the Pixley Irrigation District, the Porterville Irrigation 
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District, the Saucelito Irrigation District, the Terra Bella Irrigation District, the Tea Pot Dome Water District, 
the Vandalia Water District, the Angiola Water District, and the Deer Creek Storm Water District. 
Additional participants include the various Community Service Districts, Public Utility Districts, Tulare 
County Flood Control District, Pioneer Water Company, and the Tule River Association. The Tule River 
Basin has prepared a Memorandum of Understanding for purposes of formally developing the IRWM 
Regional Water Management Group (RWMG).  
 
A planning process of approximately five years in length has occurred, coordinating each of the entities 
noted above, along with interested parties from a multiple number of disciplines. These have included 
representatives from Self-Help Enterprises, private non-profit groups representing disadvantaged 
communities, including the Community Water Center, Tulare Basin Wildlife Wetlands Partners and 
representatives of multiple agencies of jurisdiction from both the Federal and State levels. The 
representatives have formed an advisory group which has worked through the processes of governance, 
project submittal, project scoring, development of plan goals and objectives and defining purpose and 
needs. Agreement has been reached amongst all participants, on a consensus basis, with respect to the 
critical foundation issues related to the IRWM process. 
 
 
B.2. IRWM Organizational Structure 
 
B.2.1 Governance Structure 
 
The Deer Creek and Tule River Authority (DCTRA) is a joint powers authority covering approximately 
289,448 acres in the County of Tulare. To date, DCTRA has acted as the lead agency in the coordinated 
management of water resources available to the Tule River Basin, particularly as they have applied to 
groundwater resources, droughts, and flood and storm waters control. Joining together with multiple 
agencies for management of pre-1914 water rights purposes, Central Valley Project water, groundwater 
management and development of a formalized Integrated Regional Water Management Plan (IRWMP) 
the DCTRA member entities have directed water management activities undertaken by the cooperating 
agencies within the Tule River Basin. Joining together with other agencies with similar goals, the DCTRA 
has provided formal notice to the public and agencies of jurisdiction of the preparation of an IRWMP. 
Based on the approval of the outcome of the Regional Acceptance Process by the Department of Water 
Resources of the State of California, this IRWMP has been prepared in parallel to a plan for the Kaweah 
River Basin with the governing bodies of the two IRWM areas electing to share a common Stakeholders 
Advisory Group.  
 
Acting as the lead agency for a coordinated group of participants with specific proposed water 
management projects, the DCTRA has executed a contract for the development of this IRWMP, in draft 
status. It is the intent of this IRWMP to document, in detail, all of the existing relationships, policies, 
procedures and agreements which have both been historically in place, as well as in place at the time of 
the submission of this IRWMP to DWR for acceptance through the Plan Review Process of said agency. 
 
The governance of this IRWMP initially resided with the Board of Directors of the DCTRA. The Board of 
Directors is comprised of an elected official from each of the member entities. The Directors are in office 
until their successors are selected. Actions taken by the governing Board of the DCTRA are done in 
conjunction with input from the Stakeholders Advisory Group, as well as from the entities which are 
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signatory to the joint powers agreement. The original agreement was dated February 25, 1994, with 
subsequent amendments. A copy of these documents is presented in Appendix C. 
 
As a joint powers authority of public agencies within the State of California, the business of the DCTRA is 
conducted pursuant to the provisions of the Brown Act wherein specific notice of meetings, topics to be 
discussed and actions proposed to be taken are contained in a published agenda and conducted in open 
session which is subject to public comment during a general comment period, as well as when a particular 
item is specifically taken up by the Board of Directors. Rules and procedures have been developed for 
conduct of the public and input from the public and interested parties by the DCTRA. Meetings of the 
Board of Directors are held on a regular quarterly basis, at a minimum, in a facility which is fully compliant 
with the Americans with Disabilities Act standards. 
 
Minutes of prior meetings are available to the public, upon request, as well as relevant documents 
pursuant to the DCTRA document request process. The governance of the Tule River Basin IRWMP will 
transfer from the DCTRA to the parties identified within the Tule River Basin MOU once the Tule River 
Basin IRWM Group executes the MOU and has the initial organizational meeting. 
 
 
 
 
 

 
Figure B-1. IRWM Program Governance Structure 
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B.2.2 Stakeholders Advisory Group 
 
As a part of the initial effort to expand the outreach efforts related to IRWM planning, the Tule River Basin 
Stakeholders Advisory Group was expanded to include a number of parties specifically invited to 
participate in the water management planning efforts within the Tule River Basins. A number of urban 
purveyors who had historically not participated in the planning efforts were invited, as well as a number 
of stakeholders and representatives of disadvantaged community areas and rural hamlet areas, 
underserved from the perspective of both adequate water supply and inadequate water quality. The 
group was also expanded to include the County of Tulare, which had historically participated from a flood 
control standpoint, but parties were added to specifically address public health concerns, including well 
construction and well abandonment. 
 
 
B.2.3 Memorandum of Understanding 
 
The Tule River Basin, during discussions with a stakeholder’s group, identified steps to formally develop a 
Memorandum of Understanding leading to an IRWMP for the Tule River Basin and addressing what form 
of governance a Regional Water Management Group would be based on. For the interim period, it has 
been determined to leave the plan organization with DCTRA as the lead and to add additional parties to 
the effort utilizing a Memorandum of Understanding, which has been drafted and provided to additional 
parties. The number of participants to the Memorandum of Understanding has yet to be determined, but 
current interested parties outside of the DCTRA member entities expressing interest include: 
 

• County of Tulare 
• City of Porterville 
• Poplar Community Service District 
• Tipton Community Services District 
• Woodville Public Utility District 
• Pixley Public Utility District 
• Alpaugh Irrigation District 
• Alpaugh Community Services District 
• Allensworth Community Services District 
• Deer Creek Storm Water District 
• Angiola Water District 

 
 
B.2.4 Notice of Intent to Prepare the IRWM Plan (Blanks appeared in original draft) 

 
Notice and Hearing on Intent to Prepare an Integrated Water Management Plan On ________, 20__ a 
Notice of Public Hearing was published in the ________ by a Regional Water Management Group, formed 
pursuant to California Water code Section 10539. The aforementioned Notice of Public Hearing states 
that a public hearing will be held to consider whether or not the aforementioned entities would “prepare 
an Integrated Regional Water Management Plan.” As noticed, the public hearing was held on __________. 
This IRWM Plan for the Tule River Basin has been prepared pursuant to said notice.  
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B.2.5 Notice of Intent to Adopt the IRWM Plan

On ________, 2018, and ________, 2018, a Notice of Intent to Adopt an Integrated Regional Water 
Management Plan was published in the _________. It provided notice that “the Regional Water 
Management Group comprised of the member units, less the Stone Corral Irrigation District, of the Deer 
Creek and Tule River Authority” would hold a public hearing on ________, 2018, regarding “their intent 
to adopt an Integrated Regional Water Management Plan for the Tule River Basin.” The Notice stated that 
“the public may comment on the proposed plan during the public hearing.” A copy of the Certificate of 
Publication of the aforementioned Notice of Intent to Adopt an Integrated Regional Water 
Management Plan is attached hereto as Appendix A. The public meeting was held on ________, 2015, 
as noticed. A copy of a document memorializing the decision of the Regional Water Management 
Group is attached hereto as Appendix A. 

B.3 Long Term Implementation of the IRWM Plan

B.3.1 Governance

As the primary body involved with the governance of the Plan, the RWM Group as described in the 
Memorandum of Understanding, dated ________________________ , a copy of which is attached as 
Appendix A (“MOU”), shall be led by a governing board (“RWM Group Governing Board”) composed of 
one designated primary representative from each of the parties (individually “Party” and collectively 
“Parties”) to the MOU, one designated member from the Tule River Basin RWM Stakeholder Advisory 
Group, together with those who may hereafter be added as members of the RWM Group by any 
subsequent majority vote of the Parties. Each Party shall also designate an alternate representative to 
attend meetings of the RWM Group Governing Board when the designated primary representative is 
unable to do so and in such situations the alternate representative shall represent the Party. The Chair of 
the RWM Group Governing Board shall be elected for a two (2) year term by the members of the RWM 
Group Governing Board from among its members, the members shall also elect a Vice Chair, which will 
also have the same two-year term. 

B.3.2 Stakeholder Advisory Group

A Tule River Basin Stakeholder Advisory Group has participated extensively in many of the details involving 
the formation of the Plan. The Tule River Basin RWM Stakeholder Advisory Group has elected from among 
its members a Chair and a Vice Chair to conduct the meetings of the RWM Stakeholder Advisory Group. 
The Tule River Basin RWM Stakeholder Advisory Group shall appoint one (1) individual and one (1) 
alternate to serve on the Tule River Basin RWM Group Governing Board for a term of two (2) years. Actions 
of the RWM Stakeholder Advisory Group shall be by majority vote of those present at a duly called and 
noticed meeting and shall be limited to action to advise the RWM Group Governing Board and to appoint 
members to such Board in the manner provided in the following paragraph. 
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B.3.3 Actions of the RWM Group Governing Board 
 
Actions requiring the approval of the RWM Group Governing Board shall only be taken after approval of 
a majority of the Parties during a duly noticed meeting of the RWM Group Governing Board with a quorum 
present. The quorum for the RWM Group Governing Board to conduct a valid meeting is a majority of the 
parties to the Memorandum of Understanding dated _______________. The aforementioned actions 
include how formal changes to the Plan will be performed. Before taking any action to direct the 
performance of formal changes to the Plan, the RWM Group Governing Board shall hold a public hearing 
and consider any and all advice from the RWM Stakeholder Advisory Group and comments from other 
members of the public. 
 
 
B.3.4 Meetings 

 
All meetings of the RWM Group Governing Board or the RWM Stakeholder Advisory Group may be called 
by the Chair of the respective group or any two members of the group by providing the notice of such 
meeting as required by law. Meetings of either shall be held in the Board Room at the office of the Lower 
Tule River Irrigation District, located at 357 Olive Avenue, Tipton, California, or other meeting place 
designated by the Authority, unless the RWM Group Governing Board or the RWM Stakeholder Advisory 
Group takes action to hold one or more of its meetings at a different location. All meetings of the RWM 
Group Governing Board and the RWM Stakeholder Advisory Group shall be in compliance with the 
requirements of the Ralph M. Brown Act found in California Government Code Sections 54950 et seq. 
 
 
B.3.5 Updating or Amending the IRWM Plan 
   
Plan Review 

 
Whenever the RWM Group Governing Board deems it necessary to keep the Plan current, but not less 
frequently than four (4) years after the date of the adoption of the Plan and every five (5) years thereafter, 
the Chair of the RWM Group Governing Board shall appoint individuals who shall constitute a committee 
(“Plan Review Committee”) composed of an equal number of members of the RWM Group Governing 
Board and the RWM Stakeholders Advisory Group, which shall be tasked with reviewing the Plan and 
recommending Plan updates or amendments (‘amendments”) to the RWM Group Governing Board. The 
Plan Review Committee shall elect a Chair and an alternate Chair. 
 
Each Plan Review Committee shall complete its review and make its recommendations to the RWM Group 
Governing Board within one (1) year after its formation. The Chair of the Plan Review Committee shall set 
the frequency of the meetings and call as many meetings as he or she deems necessary to timely complete 
its assigned tasks. The Plan Review Committee shall obtain the permission of the RWM Group Governing 
Board to employ consultants to assist it in reviewing the Plan and in preparing any recommended 
amendments. 
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Interim Change 
 
The Plan shall be subject to adaptive management processes in order to timely respond to changing 
conditions. A minor process, organizational, or water management change (“Interim Change”) that occurs 
relatively frequently may be made informally and without formal action of the RWM Group Governing 
Board pending the next scheduled meeting of the RWM Governing Board. The RWM Stakeholders Group 
may take action to recommend an Interim Change. Either staff of a Party or the RWM Stakeholders Group 
may ask the RWM Group Governing Board to determine whether a minor process, organizational, or water 
management change constitutes an Interim Change. 

 
 

Formal Plan Changes 
 

Given that the Board of Directors of the DCTRA has chosen to select an interval for review and update of 
other plans created and maintained under the jurisdiction of the DCTRA, action to establish a review and 
update period can be assumed to be taken soon for this IRWMP. At the time of the establishment of that 
interval, the update format policy will also be established by the Board of Directors. Looking again to 
existing plan update policies, formal plan updates are usually accompanied with a complete replacement 
of the plan document. It has been proven in other cases to not be as efficient to issue amendment 
additions to critical plans, thus causing a party utilizing the particular plan to circuit back and forth 
between an auxiliary amendment documents and the principal plan document. The authority to affect 
this policy resides currently with the DCTRA Board of Directors. 
 
 
Consideration of Recommendations by the Plan Review Committee 
 
The Plan Review Committee shall provide its recommendation to the RWM Group Governing Board, which 
shall review the same and consider whether to adopt the recommendation in whole, in part or not at all. 
The RWM Group Governing Board may consider other amendments to the Plan not recommended by the 
Plan Review Committee. 
 
 
Notice and Hearing on Intention to Adopt Amendments to Plan 
 
If the RWM Group Governing Board decides that it will consider adopting amendments to the Plan, it shall 
publish notice of its intention to amend the Plan in accordance with California Government Code Section 
6066. 
 
 
Adoption of Amendments to Plan 
 
After providing the notice required in paragraph above, the RWM Group Governing Board shall have a 
public meeting at which it may adopt amendments to the Plan. If it decides to adopt amendments to the 
Plan, the RWM Group Governing Board shall determine whether to adopt the amendments by amending 
the Plan or by adopting an amended or restated Plan. 
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B.3.6 Outreach to DACs and Tribal Communities  
 
Continuous outreach is considered to be a critical aspect of long term IRWMP implementation at both a 
project and programmatic level. Community Outreach will be conducted through a variety of outlets as 
projects and programs are proposed for integration into the IRWMP.  
 
Outreach to Native American Tribal Communities will take place in accordance with AB 52, which requires 
consideration of Tribal cultural values in determination of project impacts and mitigation. Compliance 
with this legislation will include coordination with tribal group representatives during the CEQA process 
to ensure protection of cultural resources. Additional information regarding coordination with Native 
American Tribal Communities is presented in Section N – Planning Coordination.  
 
Outreach to disadvantaged communities will take place through the Proposition 1 IRWM Disadvantaged 
Communities Involvement Program. This program provides funding to support a variety of activities 
intended to increase DAC involvement in water management programs. Eligible DAC Involvement 
activities, as identified by the Prop 1 DACI RFP, are noted in the table below. Information regarding 
consideration of DACs and Tribal Communities in project benefit/impact analysis is presented in Section 
H – Plan Benefits and Impacts.  
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Table B-1. Eligible Prop 1 DAC Involvement Program Activities 
 

General 
Activity Examples of Activity Desired Outcome 

Technical 
assistance 

Service provider trainings, local 
circuit rider programs to train 
water and wastewater staff 

Technical, financial or managerial assistance 
that results in community staff that are able to 
support local water resource decision making, 
gain knowledge, and retain technical skills 
within the Funding Area 

Needs 
assessments 

Surveys or meetings with 
community members to identify 
water management needs 

Needs assessments provide a better 
understanding of water management needs of 
the community to help direct resources and 
funding 

Project 
development 

activities 

Planning activities, environmental 
compliance, or pre-construction 
engineering/design activities 

Project development activities for future 
implementation/construction funding 

Site 
assessment 

Water quality assessments, 
median household income 
surveys, data and mapping 
activities 

Site assessment that results in extensive 
knowledge gained by staff and DAC members 
on specific water management needs, data, 
and development for future water-related 
project(s) 

Engagement in 
IRWM efforts 

DAC regional engagement 
coordinator role, DAC Advisory 
Committee to RWMG, DAC 
representatives in governance 

Engagement activities should result in 
increased activity and roles of DACs in RWMG 
decision making and increased participation in 
IRWM efforts 

Governance 
Structure 

Evaluation of existing governance 
structures and related plan 
financing efforts, assessments of 
the level of DAC involvement in 
decision making processes 

Development or implementation of RWMG 
governance structures that ensure 
participation in IRWM efforts regardless of the 
ability to contribute financially to the IRWM 
plan 

Community 
outreach 

Public project meetings open to 
community members, door-to-
door outreach 

Outreach should result in increased 
participation of DACs in project development 
activities and IRWM planning activities 

Education 

Translation or interpretive 
services for information sharing, 
water education campaigns for 
community members, education 
for RWMGs on DAC needs 

Education and interpretive services should 
result in the better understanding by 
community members of their water 
management needs 

Facilitation 
Facilitated RWMG meetings, 
facilitated project development 
meetings 

Facilitation services should result in 
community participation and stakeholders 
being able to resolve or overcome obstacles in 
communicating water management needs 

Enhancement 
of DAC aspects 
in IRWM Plans 

Development of Funding Area-
wide DAC plan to be utilized as a 
unified approach for all IRWM 
plans 

IRWM Plan DAC-related changes should result 
in tangible changes to the IRWM plan that 
support the IRWM’s understanding of their 
DAC water management needs in the region 
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Section C - Region Description 
 
 
C.1 Introduction 
 
This purpose of this section is to discuss the Tule River Basin’s relevance as an IRWM Planning area, and 
to provide background on the physical, cultural, social, and economic characteristics of the region.  
 
This section begins with a discussion of the region’s environmental resources, which were broken down 
into three sections: Water Resources, Biological Resources, and Geologic Conditions. These region-specific 
characteristics serve as the foundation for regional water planning.  
 
Following a discussion of the region’s environmental resources is an examination of existing water 
management systems, including major infrastructure, wastewater service providers, flood control 
districts, and land use agencies. The existing network of entities responsible for water management within 
the IRWMP region provides the framework on which IRWMP objectives and projects are formed.  
 
This section then examines the existing water quality conditions within the region, and discusses potential 
sources of contamination. This section includes a discussion on nitrate, arsenic, perchlorate, and 
hexavalent chromium as required by the 2016 IRWM Guidelines.  
  
The section concludes with a summary of the cultural, social, and economic profile of the region. This 
information is used to develop and prioritize goals, objectives, and IRWMP projects and determine the 
feasibility of IRWMP implementation.  
 
 
C.2 Tule River Basin Relevance as an IRWM Planning Area 
 
The boundaries of this IRWM planning area were determined based on existing governance and the 
boundaries of adjacent IRWM planning areas. 
 
The northern and eastern IRWMP boundary lines generally follow the northern and eastern DCTRA 
boundary lines (See Figure C-1), which are generally administrative and political in nature. Although the 
Tule Sub-basin boundaries are somewhat similar to the DCTRA boundaries, DCTRA boundaries fall along 
township lines, county lines, and adjacent surface water distribution entity boundaries. For the most part, 
they do not have hydrogeologic significance. 
 
The southern and western IRWMP boundary lines extend past the DCTRA  boundaries and were developed 
to eliminate gaps in IRWM planning areas and ensure adequate coverage for all areas desiring such 
coverage. 
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C.3 Water Resources  
 
A thorough water budget accounting of groundwater, including other water supplies, is provided in 
Section D – Water Supply, Demand, and Water Budget. 
 
 
C.3.1 Tule Subbasin 
 
The Tule Sub-basin is located in the southern portion of the San Joaquin Valley Groundwater Basin. This 
portion of the San Joaquin Valley Groundwater Basin consists of seven sub-basins. These are: 
 

• Kings  
• Westside  
• Kaweah  
• Tulare Lake  
• Pleasant Valley 
• Kern 
• Tule 

 
The Tule sub-basin is the only source of groundwater supply within the IRWM planning area. A 2009 Water 
Supply Evaluation Report prepared for the 2030 Tulare County General Plan identified the sub-basin’s safe 
yield at 235,400 acre-feet per year. The Tule sub-basin has a surface area is approximately 733 square 
miles and is generally bounded by the northern boundaries of the Lower Tule Irrigation District and 
Porterville Irrigation District to the north, the Tulare-Kern county line to the south, the edge of the 
alluvium and crystalline bedrock of the Sierra Nevada foothills to the east, and the Tulare County line to 
the west. 

 
Figure C-2. Regional Subbasin Boundaries. 
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C.3.2 Tule River Watershed 
 
The IRWM Planning area receives the majority of its surface water from snowmelt in the Tule River 
Watershed. The watershed extends up to a maximum elevation of 9,300 feet into the Sierra Nevada east 
of Porterville and much of the precipitation occurs as snowmelt. The Tule River consists of three forks, 
North, Middle, and South. The North Fork and Middle Fork merge just north of Springville, and then merge 
with the South Fork at Lake Success. The water is then released from Success Dam and flows west through 
Porterville. The river historically emptied into Tulare Lake, however the water is now diverted for 
agricultural use.  
 
 
C.3.3 Ancillary Watersheds  
 
While the Tule River and its distributaries are the dominant water feature in the DCTRA IRWM planning 
area the IRWM planning area is influenced and impacted by other watersheds. A separate watershed is 
located on each side of the Tule River watershed. The Deer Creek watershed is located such that the fetch 
is exclusively in a rainfall area with snowfall typically not a regular occurrence and when occurring, 
snowfall is limited to the upper several hundred feet of the tops of the watersheds. At times, the Kaweah 
River watershed, a tributary of the Tule River develops sufficient flow that the flows of said River are 
added to the flows of Tule River and discharge to the historic Tulare Lake Bed area while combined for 
State Water rights management purposes, each river remains separate for purposes of flow scheduling 
and apportionment. Flows occurring in Deer Creek are likewise managed separately, but according to the 
type of water right and senior/junior priority based on post-1914 appropriative license procedure. 
 
 
C.4 Biological Resources 
 
This section summarizes the environmental resources within the Tule River Basin IRWM Plan Region. 
These resources are reliant on the quality and availability of water within the Region.  
 
C.4.1 Aquatic Sensitive Species 
 
As the Tule River system is an ephemeral system, no fishery of any type exists in the river system below 
Success Dam. As the eastern boundary of the DCTRA IRWMP begins near Success Dam, aquatic species 
are limited to invertebrates inhabiting the River system and the manmade water distribution systems 
existing on the valley floor. As a part of the DCTRA’s prior management of the requirements of the 
Irrigated Lands Regulatory Program, routine samples have been taken of sediments throughout the 
IRWMP area and tested for toxicity. While these invertebrate species can tolerate some degree of physical 
disturbance, they have a very low tolerance for chemical molestation which has generated the need for 
periodic toxicity testing. 
 
Throughout the entire historical test period extending from July, 2004 to date, a single location within the 
entire River distributary system has been identified as to having had a toxicity problem effecting 
invertebrates. It has been tentatively determined that the toxicity occurrence was not as a result of 
irrigated agriculture operations, but rather roadside herbicide application programs related to the County 
of Tulare. A study has been submitted to the Regional Water Quality Control Board with respect to the 
source(s) of the contamination. 
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C.4.2 Freshwater Habitats 
 
As previously noted, the climate characteristics of the DCTRA IRWMP area are semi-arid. This fact, coupled 
with the ephemeral stream nature of the Tule River system, has led to freshwater habitats being virtually 
non-existant. No significant sand, gravel or hard rock mine areas in their reclamation phase exist to 
provide the most significant freshwater habitat. 
 
The second form of freshwater habitat which exists within the DCTRA IRWMP area is that related to golf 
course water hazards. The acreage of these hazards is very small and in some cases, these hazards are 
dried up in all but wet years due to the cost of the water to place in the hazards, as well as being a Best 
Management Practice as delineated in a particular area’s Urban Water Management Plan. 
 
 
C.4.3 Areas of Special Biological Significance 
 
A few areas of special biological significance exist within the DCTRA IRWMP area. Notably amongst these 
is the DCTRA Ponding Basin Area managed by DCTRA. This area is a restoration of an element of the Pacific 
Flyway for migratory waterfowl. Complimenting that area is the Pixley National Wildlife Management 
Area owned and managed by the United States. It is a remnant of the dry, upland habitat which existed 
in the area. It is home to the blunt nosed leopard lizard, the Tipton Kangaroo rat and the giant garter 
snake. The area is a critical element in the recovery plan developed by the U.S. Fish and Wildlife Service 
for each one of those species. 
 
The final example of an area biological significance is the 725 acre J.K. Herbert Wetlands Prairie which is 
located south of the Tulare-Lindsay Highway owned and maintained by the Sequoia Riverlands Trust. This 
area is described as a Wetland Prairie Grassland Habitat which also contains, in the southeastern portion, 
a number of vernal pools. This area is just to the north of the north boundary of the DCTRA IRWMP 
Planning area. 
 
 
C.5 Geologic Resources 
 
The rocks that crop out in the DCTRA IRWMP planning area include a basement complex of pre-Tertiary 
age consisting of consolidated metamorphic and igneous rocks and unconsolidated deposits of Pliocene, 
Pleistocene and recent age, all of which contain fresh water. Consolidated marine rocks of Pliocene age 
and older do not crop out in this area, but are penetrated by wells in the subsurface. Because the water 
from these wells generally is brackish or salty, the marine rocks are not considered as part of the 
freshwater reservoir and constitute the effective base of fresh water or, what is commonly referred to, as 
permeable sediments. Most of the groundwater pumped within the DCTRA IRWMP area is from the 
unconsolidated deposits. Geologic units that affect the occurrence and movement of groundwater in the 
DCTRA IRWMP planning area are generally classified and described as follows: 
 

1. Basement Rocks: Non-water bearing granitic and metamorphic rocks; 
2. Marine Rocks: Non-water bearing marine sediments including the San Joaquin Formation; 
3. Unconsolidated Deposits: Non-marine, water bearing material comprised of the Tulare Formation 

and equivalent units; 
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4. Alluvial Deposits: Coarse-grained, water bearing alluvial fan and stream deposits including older 
oxidized and reduced units and younger alluvium; 

5. Lacustrine and Marsh Deposits: Fine-grain sediments representing a lake and marsh phase of 
equivalent continental and alluvial fan deposition. 

 
 
C.5.1 Basement Complex 
 
The basement complex of the pre-Tertiary age consists of metamorphic and igneous rocks. They underlie 
the Sierra Nevada and occur as resistant inliers in the alluvium and as linear ridges in the foothills east of 
the IRWMP planning area. In the subsurface, they slope steeply westward from the Sierra Nevada beneath 
the deposits of Cretaceous age and younger rocks that compose the valley fill. Information is in the Tule 
Basin Groundwater Model GIS database indicating the altitude above or below sea level at which bedrock 
(presumably basement complex) has been reported by drillers or interpreted from electric logs. Additional 
database information indicates escarpments that are interpreted as buried fault scarps associated with 
the Rocky Hill fault. West of the escarpments, the slope of the basement complex steepens. In the Tulare 
Lake area, an oiltest well failed to penetrate the basement complex at 14,642 feet below sea level (Smith, 
1964). 
 
The basement complex is at shallow depths in the Terra Bella, Strathmore and Porterville areas and in the 
intermontane valleys where it is penetrated by many water wells. In the Poplar, Tipton and Pixley areas, 
the basement complex forms a broad, gently westward-sloping shelf overlain by 100 to 1,000 feet of 
unconsolidated deposits.  
 
 
C.5.2 Marine Rocks 
 
Along the east border of the San Joaquin Valley, Tertiary rocks, mainly of marine origin, overlap the 
basement complex and underlie the unconsolidated deposits. Croft (1968) suggests this unit may locally 
include beds of continental origin in the upper part. Inside the IRWMP boundary, the marine rocks do not 
crop out. The Tertiary marine rocks have locally been penetrated by oil- and gas-test wells in localized 
areas of the east part of the planning area, range in age from Eocene to late Pliocene and consist of 
consolidated to semiconsolidated sandstone, siltstone and shale. They have traditionally been locally 
divided into several formations by geologist (Park and Weddle, 1959), but they generally contain brackish 
and saline connate or dilute connate water unsuitable for most uses. 
 
 
C.5.3 Unconsolidated Deposits 
 
The unconsolidated deposits in the IRWMP planning area are divided into several geologic units. In the 
Kettleman Hills, west of the DCTRA planning area, Woodring et al. (1940) divided the unconsolidated 
deposits into the Tulare Formation and into older and younger alluvium. The Tulare Formation in the 
Kettleman Hills overlies the upper Mya zone (Woodring et al., 1940, p. 13), a fossil horizon at the top of 
the San Joaquin Formation. The Mya zone is reported in well logs beneath Tulare Lake bed and is a 
prominent marker bed outside of the DCTRA that separates the marine rocks from overlying continental 
deposits. The base of the unconsolidated deposits is projected by electric log correlation from the upper 
Mya zone beneath Tulare Lake bed, eastward to the top of marine rocks. The unconsolidated deposits of 
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this report are equivalent to the continental deposits from the Sierra Nevada of Klausing and Lohman 
(1964) and to the unconsolidated deposits as used by Hilton et al. (1963). 
 
The unconsolidated deposits thicken from zero along the western front of the Sierra Nevada to a 
maximum of about 10,000 feet at the west boundary of the DCTRA planning area. The unconsolidated 
deposits are divided into three stratigraphic units: continental deposits, older alluvium and younger 
alluvium. 
 
In the subsurface, the younger alluvium interfingers and/or grades laterally into the flood-basin deposits 
and into alluvium, undifferentiated. The older alluvium and continental deposits interfinger and/or grade 
laterally into the lacustrine and marsh deposits or into alluvium. In the subsurface, the older alluvium and 
continental deposits are also further subdivided into oxidized and reduced deposits on the basis of 
environment of deposition. 
 
Unconsolidated deposits, which locally crop out at the IRWMP east boundary and extend beneath the 
valley floor, were eroded from the adjacent mountains, then transported by streams and mudflows and 
deposited in lakes, bogs, swamps or on alluvial fans. The lithologic and water-bearing characteristics of 
the deposits are dependent upon several controlling factors, which include 1) environment of deposition, 
2) the type of rock in the source area and 3) competence (or energy) of the streams. 
 
According to Davis et al. (1957), oxidized deposits generally represent subaerial deposition and reduced 
deposits generally represent subaqueous deposition. Oxidized deposits are red, yellow and brown, consist 
of gravel, sand, silt and clay and generally have well-developed soil profiles. Reduced deposits are blue, 
green or gray, calcareous, and generally are finer grained than oxidized deposits and commonly have a 
higher organic content than the oxidized deposits. In some cases, the separation between the oxidized 
and reduced deposits can be identified on well logs based on lithologic color. Such delineation can of 
course be highly subjective. The coarsest grained reduced deposits were laid down in a flood plan or 
deltaic environment bordering lakes and swamps. Because of a high water-table in some parts of the east 
side of the IRWMP planning area, the sediments have not been exposed to subaerial weathering agents. 
The finest grained reduced deposits were mapped as flood basin, lacustrine and marsh deposits. 
 
The oxidized deposits underlie the older and younger alluvium and throughout most of the DCTRA, the 
oxidized deposits are 200 to 500 feet thick. Based on work by Croft (1968), a structural contour map of 
the approximate base of the oxidized deposits has been prepared and published. 
 
The oxidized deposits consist mainly of deeply weathered, reddish brown, calcareous sandy slit and clay 
and can, in most well completion reports, be readily identified when present. Beds of coarse sand and 
gravel are rare, but where present, they commonly contain significant silt and clay. The highly oxidized 
character of the deposits is the result of deep and prolonged weathering. Many of the easily weathered 
minerals presumably have altered to clay and, as such, are poorly permeable. 
 
 
C.5.4 Lacustrine and Marsh Deposits 
 
The lacustrine and marsh deposits of Pliocene and Pleistocene age consist of bluegreen or gray gypsiferous 
silt, clay and fine sand that underlie the flood-basin deposits and conformably overlie the marine rocks of 
late Pliocene age. In the subsurface beneath parts of Tulare Lake bed, these beds extend to about 3,000 
feet below land surface. Where the equivalent beds crop out in the Kettleman Hills on the west side of 
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the valley, they were named the Tulare Formation by Anderson (1905, p. 181). The lacustrine beds and 
fossils of the Tulare Formation were mapped and described in detail by Woodring et 
al. (1940, p. 13-26) who considered the top of the Tulare Formation to be the uppermost deformed bed. 
Therefore, by this definition, all the deformed unconsolidated deposits would form the Tulare Formation. 
 
In the subsurface around the margins of the Tulare Lake bed, the lacustrine and marsh deposits form 
several clay zones that interfinger with more permeable beds of the continental deposits, alluvium, 
undifferentiated and older alluvium. Because of contained fossils and stratigraphic relations to adjacent 
deposits, these clays are considered to be principally of lacustrine origin. Clay zones are generally 
indicated by characteristic curves on electric logs and thereby facilitate some areal correlations between 
adjacent logs as shown in hydrogeologic cross sections. Although as many as six (6) laterally continuous 
clay zones have locally been defined in the southern San Joaquin Valley, only the most prominent of these 
clay zones, known as the “E” Clay (or Corcoran Clay member) of the Tulare Formation, is found within the 
IRWMP boundaries. Clay deposits are nearly impermeable and yield little water to wells and that which is 
obtained is generally of poor chemical quality. 
 
The E Clay is one of the largest confining bodies in the area and underlies about 1,000 square miles west 
of U.S. Highway 99. The beds were deposited in a lake that occupied the San Joaquin Valley trough and 
which varied from 10 to 40 miles in width and was more than 200 miles in length (Davis et al., 1957). The 
first wide-scale correlation of the Corcoran Clay was made by Frink and Kues (1954). 
 
The E Clay extends from Tulare Lake bed to U.S. Highway 99. It is about 140 feet thick near Corcoran and 
the average thickness is about 75 feet. The deposits near Corcoran are probably the thickest section in 
the San Joaquin Valley. 
 
 
C.5.5 Reduced Older Alluvium 
 
As previously mentioned, the reduced older alluvium is a moderately permeable arkosic deposit that is 
not exposed in the IRWMP planning area. It overlies the continental deposits, interfingers with lacustrine 
and marsh deposits beneath Tulare Lake bed and interfingers with alluvium, undifferentiated, north of 
the Tulare Lake bed. Around the margin of Tulare Lake bed, the reduced older alluvium interfingers with 
lacustrine deposits. 
 
The reduced older alluvium consists mainly of fine to coarse sand, silty sands and clays that were probably 
deposited in a flood plain or deltaic environment. Gravel that occurs in the oxidized older alluvium is 
generally absent. The deposits are sporadically cemented with calcium carbonate, according to logs of 
core holes made by geologists of the Bureau of Reclamation. Those descriptions imply, however, that the 
calcium carbonate is probably less abundant than in the underlying reduced continental deposits. 
 
 
C.5.6 Oxidized Older Alluvium 
 
The oxidized older alluvium unconformably overlies the continental deposits. The beds consist of fine to 
very coarse sand, gravel, silt and clay derived for the most part from granitic rocks of the Sierra Nevada. 
Beneath the channels of the Kaweah, Tule and Kings Rivers, electric logs indicate that the beds are very 
coarse. In the interfan areas, metamorphic rocks and older sedimentary units locally contributed to the 
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deposits and, in those areas, the beds are probably not as coarse as the beds beneath the Kaweah, Tule 
and Kings Rivers. Fine-grained deposits occur in the channel of Elk Bayou. 
 
East of U.S. Highway 99, the contact of the older alluvium with the underlying oxidized continental 
deposits is well defined in electric logs. Structure contours, based on electric log data, show the altitude 
above or below sea level of the base of the unit. The older alluvium thickens irregularly from east to west 
and probably has filled gorges cut by the ancient Tule River in the underlying oxidized continental deposits 
near Porterville. The base of the deposits occurs 195 feet below land surface near Poplar and declines to 
430 feet below land surface near Tipton. 
 
 
C.5.7 Younger Alluvium 
 
Younger alluvium consists of gravelly sand, silty sand, silt and clay deposited along stream channels and 
laterally away from the channels in the westerly portion of the DCTRA. Younger alluvium is relatively thin 
locally, reaching a maximum depth below ground surface of perhaps 100 feet. Except in the extreme 
easterly portion of the IRWMP area, it is generally above the water table and does not constitute a major 
water-bearing unit. 
 
Soils developed on younger alluvium show little or no profile development and are generally free of 
underlying clay subsoil or hardpan. Because percolation rates through the younger alluvium are moderate 
to high, this deposit serves as a permeable conveyance system for recharge to underlying water-bearing 
materials. 
 
 
C.5.8 Geohydrology  
 
In cooperation with the DWR, the member units of DCTRA measure, tabulate and publish water level data 
for hundreds of water wells. Records for some wells extend back to the 1920s with most records for wells 
included in the DCTRA’s groundwater monitoring program beginning in the 1950s. The quality of the data 
is considered excellent. From these data, changes in groundwater and storage can be estimated along 
with an analysis of water level conditions and trends within the DCTRA IRWM planning 
area. 
 
A GIS database has been constructed, principally to be utilized in the operation of the DCTRA numeric 
groundwater model wherein calculations of storage changes and groundwater flow can be accomplished 
by integrating groundwater level elevation contour maps with specific yield data, aquifer properties and 
specific surface water delivery information by hydrologic unit area. The DCTRA IRWMP benefits from a 
long-term water level measurement program of key wells in the IRWM planning area. Information from 
the DCTRA participating agencies monitoring program is provided to DWR for use in preparation of spring, 
unconfined aquifer system contour maps which are a routine DWR publication. 
DCTRA maps are produced from the information, as well, including comparative data between selected 
years. 
 
The water level database is posted both on the DWR DCTRA websites and allows downloading of compiled 
hydrographs of key wells in the DCTRA IRWMP area for purposes of graphical display and analysis 
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C.6 Existing Water Management Systems 
 
The following Table C-1 and Figure C-3 summarize the existing internal boundaries through which water 
management occurs in the IRWM planning area. These components are discussed in more detail below.  
 

Table C-1. Existing Internal Boundaries  

Watershed 
(8-Digit HUC) Water District 

Local 
Governments / 
Communities 

Potable Water Suppliers 

Upper Deer-
Upper White 

Ducor Irrigation District Ducor • Ducor Community Services District 

Pixely Irrigation District 
Teviston • Teviston Community Services District 
Pixley • Pixley Public Utility District 

Terra Bella Irrigation District Terra Bella • Friends RV Park 
Rancho Terra Bella   

Vandalia Irrigation District 
City of Porterville Service 
Area 
Teapot Dome Irrigation 
District 

City of 
Porterville 
East Porterville 

• Porterville Developmental Center 
• Akin Water Company 
• Beverly Grand Mutual Water Company 
• Big Stump Trailer Park 
• Central Mutual Water Company 
• East Plano Mutual Water Company 
• East Vandalia Water Company 
• Grandview Gardens Mutual Water 

Company 
• Golden Key Apartments 
• Mullen Water Company 
• Porterville Trailer Park 
• Shady Grove Mobile Home Park 
• Shiloh Water Company 
• Sierra Mutual Water Company 
• Spiegelberg Water Company 
• Sunny Acres Water System 
• Tea Pot Dome Water Company 
• Alta Vista Mobile Home Park 
• California Water Service Company 
• Fairway Tract Mutual Water Company 
• LA Homeowners Water System 
• Lakeside Trailer Park 
• Mt. View Duplexes 

Upper Tule 

Pioneer Water Company 
Porterville Irrigation District 

Lower Tule River Irrigation 
District 

Woodville • Woodville Farm Labor Center 
• Woodville Public Utility District 

Tipton • Tipton Community Services District 

Tulare-Buena 
Vista Lakes 

Poplar • Poplar Community Services District 
• Williams Mutual Water Company 

Angolia Water District   

Alpaugh Irrigation District Alpaugh • Alpaugh Community Services District 
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C.6.1 Major Infrastructure 
 
This Section describes the major infrastructure that provides water throughout the Tule River Basin IRWM 
Plan Region. Many of the projects covered in this section have been presented above. Provided herein is 
a short description of the larger regional water-related infrastructure, their purpose, and capacity. 
 
 
Lake Success 

 
Success Reservoir is located on the Tule River about 6 miles east of the City of Porterville. Success Dam, 
completed in 1961 by the U.S. Army Corps of Engineers (USACOE), provides flood protection and irrigation 
water storage for downstream water rights holders. The earth fill dam is 142 feet high and has a gross 
pool elevation of 652.5 feet mean sea level (m.s.l.), originally providing 85,400 acre-feet of storage 
capacity. Success Reservoir inundated approximately 2,406 acres at gross pool, flooded nearly 3.5 miles 
of river and had a spillway design flood pool of 202,800 acre-feet. 
 
The Southern California Edison Company and the Pacific Gas and Electric Company each owns and 
operates a small hydroelectric plant upstream from Success Dam. In addition, the Lower Tule River 
Irrigation District operates a 1.4-kilowatt hydroelectric power plant which was retrofitted to Success Dam 
in 1989. 
 
Success Dam was authorized by the 1944 Flood Control Act. The total gross reservoir capacity at 
construction was 85,440 acre-feet with 700 acre-feet of dead storage 5,000 acre-feet to store sediment. 
When constructed, the spillway design inflow peak of Success Dam was 200,000 cfs with a spillway design 
outflow peak of 126,000 cfs. 
 
Efforts have been underway for several years to increase both the flood control capability of the facility 
and the conservation storage volume. 
 
The principal storage facility available to water rights holders within the DCTRA IRWMP area is Lake 
Success. Impounded by Success Dam, this facility allows for conservation storage beginning with a ramp 
up period in March of each year and extending to full storage by May 1. The entire reservoir storage is 
available for conservation purposes from that date until November 1 of each year. Beginning November 
1, the flood control diagram goes into effect and storage operations are at the direction of the U.S. Army 
Corps of Engineers. Significant coordination exists between said entity and the water rights holders, along 
with officials representing the City of Porterville and landowners in the Tulare Lake bed. 
 
 
Central Valley Project (CVP), Friant Division 

 
In 1933-34, when the State of California could not find enough takers to buy revenue bonds to complete 
the California Central Valley Project Act, it went to Washington seeking assistance. The passage of the 
Rivers and Harbors Act of 1935 by the Congress put funding under Federal direction and construction 
under the USACOE. By order of the President, $20 million was transferred from the Emergency Relief Act 
Fund to the Department of the Interior, Bureau of Reclamation (Reclamation), for construction of Friant 
Dam and other initial features on September 10, 1935. The President signed the Act later that year. 
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Between 1935 and 1940, the population of the San Joaquin Valley exploded: Tulare County increased by 
38.4 percent, Kings County by 38.5 percent and Kern County by 63.6 percent. Reacting to a wartime 
demand, cotton became California’s outstanding crop by the mid- 1940s, displacing citrus. The lands of 
the Friant Division were no different, as cultivating and picking cotton drove each of the four counties’ 
economies. Almost a half-century later, by the 1990s, approximately 15,000 small farms, averaging 63 
acres each, were spread throughout the Friant Division. 
 
Estimated cost of the Friant Dam and Reservoir came in at $14 million, the Friant-Kern Canal came in at 
$26 million and the Madera Canal was $3 million. The Water Project Authority represented the State of 
California in negotiations with the Federal Government. In March, 1936, the Authority signed a 
cooperative agreement with the United States creating three (3) divisions, including Friant, for the Central 
Valley Project. Six (6) months later, the Authority approved Reclamation’s prospective location of the 
Friant Dam and the Bureau’s design of the dam and canals. Central Valley Project legislation was 
reauthorized as the Rivers and Harbors Act of 1937. Along with Friant Dam and the Friant-Kern and 
Madera Canals, initial major features authorized were Shasta and Keswick Dams, the Tracy Pumping Plant 
and the Delta-Mendota Canal. The amendment transferred a $12 million authorization from the 1935 
Rivers and Harbors Act earmarked for flood control and navigation to Department of the Interior. More 
importantly, the 1937 Act placed the CVP under Reclamation law. Additional funding under the Rivers and 
Harbors Act of 1940 allowed for improvement of certain rivers and harbors in the interest of national 
defense. 
 
To capture and control the San Joaquin River, Reclamation, in the mid- 1930s, designed a straight, 319-
foot high concrete gravity dam that would have impounded a half-million acre-feet of flows from the 
River. The first surveys for the Friant Dam commenced in November 1935 and studies of where to 
excavate for two (2) delivery canals followed in early 1936.  
 
Because of the dual complexities of moving water from one watershed to another and diverting the 
natural flow of the San Joaquin, a number of water rights claims had to be settled before construction 
progressed. California water law provides for riparian rights entitling a land owner on a stream to the full 
beneficial use of the stream’s natural flow. Reclamation could not divert water away from a stream until 
it settled the question of downstream water rights. Reclamation settled negotiations with the holders of 
the largest water rights claims on the San Joaquin in the spring of 1939. 
 
Friant Dam was located on the San Joaquin River, 25 miles northeast of Fresno, California. Completed in 
1942, the dam is a concrete gravity structure, 319 feet high, with a crest length of 3,488 feet. The dam 
controls the San Joaquin River flows, provides downstream releases to meet requirements above 
Mendota Pool and provides flood control, conservation storage and diversion into the Madera and Friant-
Kern Canals. It allows for delivery of water to a million acres of agricultural land in Fresno, Kern, Madera 
and Tulare Counties in the San Joaquin Valley. The reservoir, Millerton Lake, first stored water on February 
21, 1944. It has a total capacity of 520,528 acre-feet, a surface area of 4,900 acres and the River is 
inundated at full storage for approximately 15 miles long. The amount of flood control storage space is 
dictated by a USACOE Reservoir Regulation Manual. 
 
In the Friant Division, there are three (3) separate river and canal outlets: the river outlet works, the Friant-
Kern Canal and the Madera Canal. The river outlet works consist of four (4) 110-inch-diameter steel pipes 
through Friant Dam that are controlled by four (4) 96-inch-diameter hollow-jet valves at the outlet ends. 
The valves release water down a chute and into a stilling basin, which dissipates the water’s energy. The 
capacity of the four (4) hollow-jet valves is 16,400 cfs, however, prior to discharge of Settlement Flows, 
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the flow through the valves seldom exceeded 100 cfs. Small releases to the River flow through two (2) 24-
inch-diameter steel pipes branching from Penstocks 3 and 4. Releases are controlled by two (2) 18-inch-
diameter needle valves at the outlet ends. 
 
The Friant-Kern Canal carries water over 151.8 miles in a southerly direction from Millerton Lake to the 
Kern River, four (4) miles west of Bakersfield. The water is used for supplemental and new irrigation 
supplies in Fresno, Tulare and Kern Counties. Construction of the canal began in 1945 and was completed 
in 1951. The canal has an initial capacity of 5,000 cubic feet per second that gradually decreases to 2,000 
cubic feet per second at its terminus in the Kern River. 
 
More than 350 overhead and underground telephone lines, telegraph lines, power lines, and oil and gas 
lines were moved to higher elevations or relocated during construction of the Friant Kern Canal. Heavy 
crawler tractors and bulldozers that were equipped with attachments to cut roots below the surface 
burrowed through vineyards and orchards. Along a 113-mile reach between the dam and the White River, 
more than 500 different structures, including overchutes, drainage inlets, irrigation crossings and turnouts 
were built. During construction, placement of concrete lining was aided by the use of a traveling gantry. 
Almost 85 percent of the canal is concrete-lined. In those sections, the canal’s maximum top width is 128 
feet, decreasing to a bottom width of 24 feet, with water depth dropping from 19.9 to 11 feet. In the 
earth-lined sections, water depth varies and the canal bottom width ranges from 64 to 40 feet. 
 
 
State Water Project (SWP) 
 
The California State Water Project, commonly known as the SWP, is a state water management project 
under the supervision of the California Department of Water Resources (DWR). The SWP is the world’s 
largest publicly built and operated water and power development and conveyance system. It provides 
water for drinking purposes to more than 23 million people and generates an average of 6.5 MWh of 
hydroelectricity annually. It is also the largest single consumer of power in the State with a net usage of 
5.1 MWh. 
 
Although no facilities of the SWP are located within the boundaries of the IRWMP, they are still of 
significant importance to the DCTRA IRWMP area. The nearest SWP facilities are on the west-side of the 
San Joaquin Valley. The nearest distribution system facilities are those of the Tulare Lake Basin Water 
Storage District. These facilities offset the need to pump groundwater by providing the conveyance 
mechanism to import water from the Feather River to the west-side of the Central Valley.  
 
Approximately 70 percent of the water provided by the SWP is used for urban areas and industry in the 
Southern California and the San Francisco Bay areas. The remaining 30 percent is used for irrigation in the 
Central Valley and the Central Coastal Range. The SWP shares several facilities with the Federal CVP. 
Water is often interchanged between SWP and CVP facilities, as needed, to meet peak requirements for 
the separate project constituents. 
 
With construction beginning in 1960, the SWP required the construction of 21 dams and more than 700 
miles of canals, pipelines and tunnels. To date, the SWP has only delivered an average of 2.4 million acre-
feet annually, as compared to total contractual entitlements of 4.23 million acre-feet. Environmental 
concerns caused by the dry-season removal of water from the Sacramento-San Joaquin Rivers Delta have 
often led to further reductions in water delivery declarations. 
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In development for a number of years, ground was broken for Oroville Dam in 1961 and, in 1963, work 
began on the California Aqueduct and San Luis Reservoir. First deliveries to the South Bay area were made 
in 1962 with irrigation deliveries to the San Joaquin Valley by 1968. In 1973, the pumps and East and West 
branches of the California Aqueduct were completed and the first water delivered to Southern California. 
A Peripheral Canal which would have carried SWP water around the Sacramento-San Joaquin Rivers Delta, 
was rejected in 1982 by voters due to a combination of environmental and economic concerns. The 
Coastal branch was completed in 1997. 
 
 
Reduce Reliance on Sacramento-San Juaquin Delta Supply 
 
In compliance with 2016 IRWM Guidelines, this IRWMP identifies ways in which the region can reduce 
dependence on the Sacramento-San Joaquin Delta.  Reducing the region’s dependence on the 
Sacramento-San Joaquin Delta water supply requires a combination of efforts to decrease water demand 
and increase water supply. These efforts are represented in several sections throughout this IRWMP.   
 
Objective 13 (See Section Section E – Goals and Objectives) specifically seeks to decrease the region’s 
water demand by increasing water use efficiency and promoting conservation and recycling of water 
resources. Additionally, several Resource Management Strategies discussed in Section F seek to reduce 
water demand, increase water use efficiency, and increase drought resiliency. These include: 
 

• Agricultural Water Use Efficiency  
• Urban Water Use Efficiency 
• Crop Idling for Water Transfers 
• Conjunctive Management and Groundwater Storage 
• Recycled Municipal Water 
• Precipitation Enhancement 

 
Section P – Water Management Opportunities identifies plans to reduce reliance on the delta through 
groundwater banking programs. This would allow water districts within the IRWMP region to store water 
during wet years for use during drought periods, thereby increasing the region’s water independence and 
drought resilience.  
 
 
C.6.2 Wastewater Service Providers 
 
City Wastewater System 

 
In a different fashion than a provision of domestic, commercial and industrial water supplies, the 
wastewater treatment and disposal facilities serving the City of Porterville located within the IRWMP area, 
are operated by the City. In some cases, additional permits have been issued by the RWQCB for 
reclamation of treated effluent by individual parties acting under contract with the City for acceptance of 
treated wastewater for reclamation purposes. As detailed in Chapter 5 related to the history of 
wastewater systems development within the IRWMP area, these facilities are under regulation of the 
RWQCB and are of the advanced secondary treatment type. In the City’s case, the collection system 
serving is also owned by the City and operated and maintained by their permanent staff. 
 



Tule River Basin Integrated Regional Water Management Plan 
Section C – Region Description 

 

March 2019 C-16 

Rural Wastewater Systems 
 
Several wastewater collection, treatment and disposal systems exist within the IRWMP area. The Pixley 
Public Utility District, Poplar Community Service District, Strathmore Public Utility District, Woodville 
Public Utility District and the Woodville Farm Labor Camp facility of the Tulare County Housing Authority 
are the principal systems in this category. In many cases, areas outside of the principal service 
areas have been tied in with municipal systems based on multiple considerations, including economic and 
staffing considerations. These areas include the East Porterville area served by the Porter Vista Public 
Utility District and the Porterville Developmental Center. The balance of the areas are on individual 
treatment and disposal systems, for the most part in the form of septic tanks and leach fields. 
 
 
County-operated Wastewater Systems 
 
The County of Tulare operates a number of collection, treatment and disposal systems within the County. 
Among these systems, the system serving the community of Terra Bella, in the form of the Terra Bella 
Sewer Maintenance District, is administered by the County. Financial and day-to-day administrative duties 
are performed by County personnel, while field operations are performed under contract by a for-profit 
licensed operator. 
 
 
C.6.3 Flood Control Districts 
 
The Tulare County Flood Control District plays a fundamental role in Regional Water Management 
Planning. The Tulare County Flood Control District, is responsible for the management of flood channels 
within the Tule River Basin boundaries and has defined roles relative to conservation space within Success 
Reservoir, which is principally a flood control facility.  
 
In addition to the Tulare County Flood Control District, the City of Porterville plays a role in flood 
management and is responsible for the management of flood channels within the city limits. Regional 
flood zones are shown in Figure C-4.  
 
 
 
 
 
 

 



Tule River Basin Integrated Regional Water Management Plan 
Section C – Region Description 

 

March 2019 C-17 

 



Tule River Basin Integrated Regional Water Management Plan 
Section C – Region Description 

 

March 2019 C-18 

C.7 Land Use Agencies 
 
There are a number of land use agencies that have jurisdiction within the IRWM planning area. These 
agencies include Tulare County, the incorporated City of Porterville, and several unincorporated 
communities. Cooperation with land use agencies is essential to effective water management. These 
agencies are summarized below in Table C-2.  
 
 

Table C-2. Land Use Agencies 
 

Name Type Location in IRWM planning 
area 

Population 
(2010 Census) 

Tulare County County 
The IRWM planning area is 
located within the Tulare 

County boundary 
 

City of Porterville Incorporated City North-east quarter of the 
IRWM planning area 55,466* 

East Porterville 
 

Census Designated 
Unincorporated 

Community 

North-east quarter of the 
IRWM planning area, east of 

the City of Porterville 
7,331 

Terra Bella 
 

Census Designated 
Unincorporated 

Community 

South-east corner of the 
IRWM planning area, south of 

the city of Porterville 
3,310 

Tipton 
Census Designated 

Unincorporated 
Community 

North-west quarter of the 
IRWM planning area 2,543 

Pixley 
Census Designated 

Unincorporated 
Community 

South-west quarter of the 
IRWM planning area, south of 

Tipton 
3,310 

Woodville 
Census Designated 

Unincorporated 
Community 

Northern half of the IRWM 
planning area, in-between 

Porterville in Tipton 
1,740 

Poplar 
Census Designated 

Unincorporated 
Community 

Center of the IRWM planning 
area, north of Terra Bella and 

south of Porterville 
2,470 

Allensworth 
Census Designated 

Unincorporated 
Community 

South-west quarter of the 
IRWM planning area, south of 
the DCTRA southern boundary 

471 
 

Teviston 
Census Designated 

Unincorporated 
Community 

southern half of the IRWM 
planning area between Pixley 

and Terra Bella 
1,214 

*Population in 2014 
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Figure C-5. Land Use Agencies 

 
C.8 Water Quality 
 
This section describes current water quality conditions for surface and groundwater within the Tule River 
Basin IRWMP region and the potential sources of Contamination. Additionally, this section will identify 
and describe instances of nitrates, arsenic, perchlorate, and hexavalent chromium contamination and 
provide a discussion of how this plan addresses the contamination. 
 
 
C.8.1 Groundwater Quality 
 
Groundwater quality within the Deer Creek and Tule River Authority (DCTRA) Integrated Regional Water 
Management Plan (IRWMP) area is generally considered in two (2) different contexts. The first of these is 
agriculture with the second being municipal and industrial. Of principal concern in the municipal and 
industrial category, the capability of the supply to satisfy State and Federal drinking water standards and, 
for industrial users, the capability to satisfy requirements for manufacturing and processing 
of related products. 
 
Historically, pursuit of the evaluation of the quality capability of groundwater in a particular area to satisfy 
agricultural related needs has been left to individual landowners/growers. Several of the member districts 
of DCTRA extract groundwater for delivery to their landowners/growers, including Vandalia Water 
District, Tea Pot Dome Water District and Terra Bella Irrigation District. Sampling and testing to determine 
suitability for agricultural purposes has typically been undertaken by the landowner/grower. In the case 
of the Terra Bella Irrigation District, as their wells are utilized for residential consumption to augment the 
Friant-Kern Canal source, said wells are tested on a routine basis. 
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As a result of the pursuit of quality related information on an individual basis, a very minor amount of 
information exists in the public arena as to the general water quality of the area. Older studies by the U.S. 
Geological Survey provide some insight as to water quality parameters, however, many of the 
investigations performed by said agency were specifically targeted to either problem areas or problem 
constituents, such as Boron and Arsenic. 
 
This trend is being reversed as the RWQCB Irrigated Lands Regulatory Program (ILRP) General Order has 
been adopted and brings with it a new groundwater water quality investigation and evaluation 
component. Very controversial in its nature, parties have applied to represent landowners within the 
RWQCB’s jurisdiction and that is the case within the DCTRA IRWMP area. The Tule Basin Water Quality 
Coalition has been recognized by the RWQCB as the third-party representative of growers in the Tule 
Basin. Initial steps required under the General Order include an initial Groundwater Assessment Report 
which was prepared with principal emphasis on the vulnerability of the groundwater reservoir to impacts 
from irrigated agricultural related discharges. Of particular importance, nutrient related impacts and 
pesticide related impacts are of high significance. 
 
In the current agricultural arena, efforts associated with the Dairy Industry General Order, also adopted 
by the RWQCB, has been in place for several years. The groundwater component associated with said 
order is specifically related to the private wells located on dairies and monitor wells designed and 
constructed in locations adjacent to sumps containing dairy waste prior to land application. A substantial 
amount of information is currently in inventory and, while significant in nature, is restricted to those areas 
where dairies exist. 
 
In contrast to the agricultural areas, characterization of groundwater supplied for municipal and industrial 
and rural drinking water purposes has generated a significant quantity of information related to its quality 
related parameters. This data is available from the individual purveyors and is lodged, by electronic 
transmittal, by testing laboratories directly to the SWRCB Division of Drinking Water database. Public 
access to this database is available electronically, with the exception of well log information. For each 
agency to whom the Division of Drinking Water has issued a water supply permit, they are required to 
issue, no later than July 1 of each year to each customer, a Consumer Confidence Report (CCR). Identified 
as the CCR, this document must meet specific format requirements and is designed to not only provide 
the drinking water customer with specific information with regard to the numeric test results related to 
their drinking water, but also is to provide information with respect to allowable limits and potential 
health effects of certain contaminants. In some cases within the IRWMP area, this CCR is provided in a 
bilingual format. 
 
 
C.8.2 Surface Water Quality 

 
In diametric opposition to groundwater quality, significant information exists with respect to surface 
water quality in the agricultural regions of the IRWMP area, with little information related to water quality 
associated with the urban and rural developed areas. What storm water related water quality testing 
takes place, the data is frequently in concert with the agricultural related water quality program seeking 
to identify principally, any introduced contaminants which may be identified as having agricultural origins. 
 
The ILRP program of the RWQCB, prior to the recently adopted General Order, required a surface water 
quality oriented program for each watershed within its jurisdiction. For the Tule Basin, this program was 
undertaken by the Deer Creek and Tule River Authority. Information related to surface water quality under 
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this program was developed over a period of time in excess of a decade. The data from this program is 
reported by each watershed to the RWQCB with test result information specifically transmitted to the 
State Water Resources Control Board database, which is electronically accessible to the public. Formatting 
requirements for information submittal have been changed from time-to-time related to this database 
and when those changes have been made, conversion requirements have existed to reformat prior 
information to satisfy the new format requirements. 
 
In addition to submittal of the information to the SWRCB database, annual reports are prepared for each 
watershed which contain the specific test result information generated over the prior year along with 
responses to observed water quality failures. 
 
Specific to the Tule River Basin IRWMP area, the Coalition has identified core monitoring locations of the 
natural waterways for sampling which are presented in Appendix D (TBWQC Surface Sampling Locations). 
The core sampling locations are identified by a legend driven system. Sampling and testing at these 
monitoring sites have been consistent with the orders issued by the RWQCB since the inception of testing. 
Additional sites have been added over time based on either identified water quality concerns or seeking 
out clarity on whether or not contamination exists at those locations. For the most part, surface water 
quality within the IRWMP area is of very high quality.  
 
Where contamination has been shown to exist, steps have been taken to identify the source of the 
contamination and where found, to work with the landowner/grower(s) to initiate actions to bring about 
a change in the discharge or eliminate the adverse contaminant in the discharge. 
 
Where water quality problems have been discovered and have not been quickly resolved, Management 
Plans have been generated to deal with the specific area where contamination was found and the specific 
contaminant. In some cases, where Management Plans have been developed, it has still not been 
determined if the contaminant source is from irrigated agriculture, household use of pesticides and 
herbicides, or commercial spraying operations such as those associated with State highways and county 
roads. In some cases, discovery of contamination has been found to be associated with activities other 
than irrigated agriculture. 
 
The conduct of this surface water program has transitioned to the newly formed Tule Basin Water Quality 
Coalition based on acceptance of said entity by the RWQCB. As the new General Order contains both a 
surface water element and a groundwater element, it was determined by the Deer Creek and Tule River 
Authority that they did not desire to directly conduct the groundwater portion of the program as required 
by the new General Order. 
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C.8.3 Arsenic 
 
Arsenic pollution can be caused by natural deposits in the earth or by industrial and agricultural pollution.  
In 2001, the EPA adopted a new standard of 10 ppb for arsenic in drinking water. Exceedances of this 
threshold are considered unsafe and ingestion can pose both chronic (long-term) and acute (short term) 
health risks. The potential health effects following long term arsenic ingestion include skin damage, 
problems with the circulatory system, and an increased risk of cancer.  
 
As seen below in Figure C-6, arsenic levels vary greatly throughout the region. The majority of the region 
is below the maximum contaminant level threshold. Samples were collected from water districts 
throughout the IRWMP region intermittently from 2008 to 2016. More consistent sampling is needed to 
adequately measure and manage arsenic contamination.  
 
It is likely that instances of arsenic contamination in IRWMP area are due to natural deposits which are 
common to the region. The sediments in these areas exhibit soil redox conditions which can cause some 
medals, including arsenic, to become soluble. Water then transports the contaminant into waterbodies 
through natural processes.  
 
The Pixley Public Utility District exceeds the maximum contaminant level threshold, however arsenic 
levels in this district have declined since 2012 as programs were put in place to treat contaminated wells.  
Additional programs to address and remediate arsenic contamination are included in the 2015 Pixley 
Community Plan.  
 
Although the majority of the region is below the maximum contaminant level threshold for arsenic 
concentration, arsenic levels should continue to be monitored regularly throughout the region and 
managed as needed. More information regarding the sampling and data analysis methods can be found 
in Section J – Data Management. Tables showing all data used can be found in Appendix E. 
 

 
 

Figure C-6. Arsenic levels detected in IRWMP region (Data source: DCTRA water quality monitoring program) 
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C.8.4 Nitrate 
 
Nitrate is one of the most common groundwater contaminants in rural areas and can be the result of 
fertilizer runoff, sewage, or erosion of natural deposits. The California Water Resources Control Board 
established a 45 ppm maximum contaminant level for nitrates to minimize health and environmental 
imapcts associated with nitrate contamination. Although nitrate concentrations at this level are rarely 
harmful to adults, it can be fatal to infants. Additionally, nitrates in waterbodies can lead to algal blooms 
and eutrophication.  
 
As seen in figure C-7, exceedances of the maximum contaminant level threshold were not detected in the 
region. The districts should continue to be sampled and analyzed annually to ensure that nitrate levels 
remain below the 45 ppm threshold.   
 
More information regarding the sampling and data analysis methods can be found in Section J – Data 
Management. Tables showing all data used can be found in Appendix E. 
 
 
 
 
 
 

 
 

Figure C-7. Nitrate levels detected in IRWMP region (Data source: DCTRA water quality monitoring program) 
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C.8.5 Perchlorate  
 
Perchlorates are a common name for a family of salts which include ammonium, potassium, magnesium 
and sodium perchlorate. Perchlorate is not found naturally in California and contamination of water 
resources is almost certainly anthropogenic and caused by perchlorate salts used in industrial and military 
applications. Approximately 90% of the locations where perchlorate has been detected were associated 
with the manufacturing or testing of rocket fuels. Perchlorates are highly soluble and travel easily into 
groundwater supplies. It is a relatively stable molecule that is resistant to degradation. 
 
The California Department of Public Health has adopted a maximum contaminant level for perchlorate of 
6 μg/L to address the health risks associated with perchlorate consumption. Perchlorates can cause harm 
to human health by limiting uptake of iodine by the thyroid gland. This can decrease production of thyroid 
hormone, which is needed for prenatal growth and development, as well as for normal metabolic and 
mental function in adults.   
 
Perchlorate concentration data is not grouped by district. Figure C-8 displays the regional average 
perchlorate concentration and highest observed perchlorate concentration for each year, in comparison 
to the MCL. The highest observed concentration of 2008 is not shown in the graph because the recorded 
concentration is an extreme outlier in comparison to the other data.  Percolate levels exceeding the MCL 
were observed in the IRWMP region from 2001 to 2011, however all water samples were below the 
threshold from 2012 to 2017. This improvement in water quality is most likely due to improvements in 
state water quality legislation, as well as increased public awareness of perchlorate as a harmful 
contaminant. Wells within the region should continue to be sampled and analyzed annually to ensure that 
perchlorate concentrations remain below 6 ug/L.   
 
More information regarding the sampling and data analysis methods can be found in Section L – Technical 
Analysis. Tables showing all data used can be found in Appendix E. 
 

 

 
 

Figure C-8. Perchlorate levels detected in IRWMP region (Data source: National Water Quality Monitoring Council) 

0

5

10

15

20

25

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Pe
rc

hl
or

at
e 

Co
nc

en
tr

at
io

n 
(u

g/
L)

Perchlorate Levels Detected

Average Perchlorate Concentration Highest Concentration Observed

Maximum Contaminant Level



Tule River Basin Integrated Regional Water Management Plan 
Section C – Region Description 

 

March 2019 C-25 

C.8.6 Hexavalent Chromium 
 
Hexavalent Chromium is a naturally occurring heavy metal that can cause harm to the respiratory system, 
kidneys, liver, skin, and eyes.  Hexavalent chromium enters water bodies through discharges of dye, wood 
preservatives, chrome plating wastes, and leeching from hazardous waste sites.  
 
Much debate is currently under way with regards to establishing an MCL for Hexavalent Chromium. Prior 
to May of 2017, a 10 ug/L MCL for Hexavalent Chromium was enforced by the California Department of 
Public Health, who was responsible for the drinking water program before it was transferred to the State 
Water Board. In May of 2017, the Superior Court of Sacramento County issued a judgement to delete the 
hexavalent chromium MCL from the California Code of Regulations. At present, hexavalent chromium is 
regulated under the 50 ug/L primary drinking water standard for total chromium. Most scientists think 
this limit is insufficient for chemical’s toxicity so the State Water Resources Control Board is expected to 
reestablish a 10 ug/L MCL.  
 
Figure C-9 displays annual regional average hexavalent chromium concentrations and the highest 
concentration observed each year in comparison to the anticipated 10 ug/L MCL. All samples within the 
IRWMP region were tested below this threshold, however monitoring should continue on an annual basis 
to ensure hexavalent chromium concentrations do not exceed water safety standards.  
 
More information regarding the sampling and data analysis methods can be found in Section L – Technical 
Analysis. Tables showing all data used can be found in Appendix E. 
 

 
 

 

 
 

Figure C-9. Hexavalent chromium levels detected in IRWMP region (Data source: National Water Quality Monitoring Council) 
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C.8.7 Potential Sources of Contamination 
 
Several potential sources of contamination exist within the IRWMP area. For some of these potential 
sources, such as irrigated agriculture, programs are in place to not only identify contaminants and the 
source of contaminants and to work on cessation of discharge of such contaminants, but also have 
structured regulatory requirements associated with the efforts. For others, such as septic tanks and 
subterranean leach field systems, requirements exist in some areas for monitoring of the condition of the 
systems and remedying identified problems, while in other areas, such regulation is totally absent. In some 
of the potential contaminant arenas, such as abandoned wells, there is only now a County of Tulare based 
program to abate the problems associated with the abandoned facilities. The following is a discussion of 
each of the current identified potential sources of contamination within the DCTRA IRWMP area. 
 
 
Failing Septic Systems 
 
In certain areas of the IRWMP, the RWQCB has issued a specific order to deal with design, inspection and 
operational considerations related to septic tank systems. An identified organization, typically a 
homeowners association, is required to report information from each homeowner related to the 
frequency of their septic tank pumping and, where dual leach field systems are required, the frequency 
of rotation between those systems. 
 
The design of a new septic tank system is under the jurisdiction of the County of Tulare with soil 
percolation tests often required to accompany the design to ensure proper performance of the 
subterranean disposal system. Once installed, however, unless adverse conditions are noticed by an 
agency of jurisdiction, or complaints are received by same, no oversight exists with respect to these 
systems. In no cases within the IRWMP area have there been or are there studies related to the specific 
impacts of septic tank and subterranean disposal systems on the accumulation of contaminants to 
groundwater. Septic tanks are designed as biological reactors to reduce the pollution strength of certain 
contaminants within the waste stream delivered to the disposal system. They are not, however, designed 
to reduce nutrient loads, such as nitrates, which is a task often left to the soil structure which exists from 
the disposal area to first encountered groundwater. The adequacy of the soils to accomplish any degree 
of nitrate reduction is not an initial design consideration, nor are the programs to determine the efficiency 
of the systems in this regard. Thus, these systems have been identified as potential sources of 
contamination. 
 
 
Abandoned Wells 
 
Recent attention has been given to the issue of lack of destruction of abandoned wells within the Tule 
River Basin IRWMP by the County of Tulare. A current active project of the County within the KDWCD 
IRWMP, being conducted under a grant to the KDWCD and allocated to the County of Tulare, is a pilot 
program of identification of areas where abandoned wells exist which place in jeopardy existing water 
production facilities and to identify and implement steps to properly destroy those wells in concert with 
applicable State and County ordinance requirements. 
 
While the State and the County have standards and ordinances related to well destruction, the standards 
are related to the abandonment procedure strictly and not to the identification of the location of these 
wells or conditions under which wells must be properly destroyed. Any number of circumstances can be 
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referenced in which abandoned wells have been discovered in locations where proper destruction should 
have taken place, but did not. In addition, there is no identified program at any level of government to 
routinely seek out these locations and effect abandonment. For these reasons, abandoned wells have 
been identified as a potential source of contamination. These wells are of particular concern as they are 
drilled across water-bearing strata and act as a conduit to draw water from one aquifer to another, 
transporting with this water contaminants from one aquifer to another. 
 
 
Landfills 
 
Historically, dump operations were located with transport distance from the source to the repository 
being the principal locating factor. Dump closure, including landfill closures, were often conducted 
without consideration to downslope groundwater contamination. Brought about by regulatory change, 
investigations began to occur wherein it was required of dump and landfill owners to identify whether or 
not the subject facility was contributing to groundwater contamination. Where identified to be the case, 
clean-up operations were undertaken and continue to be undertaken to abate any further contribution 
to the groundwater reservoir of contaminants from the subject facilities. Of particular concern has been 
the migration from these facilities materials for which the soil mantle lacks the capability to provide 
reduction of the harmful effects of the material. In this family are materials such as pharmaceuticals and 
petroleum wastes, coupled with the household disposal of unwanted pesticide and herbicide materials. 
Disposal of these materials has led to Vadose Zone contamination downslope of the disposal facilities. 
Frequently observed at both closed sites and operating sites are extraction facilities designed to abate the 
effects of these contaminants. As considerable oversight exists from local, State and Federal regulatory 
levels, the DCTRA IRWMP does not call for an increased level of scrutiny and oversight with respect to this 
source of contamination. 
 
 
Leaking Underground Fuel Tank (LUFT) 
 
In a similar fashion to the landfill category, the program to abate the effects of leaking underground fuel 
storage tanks is well developed. A state-wide program, covered by a per-gallon fuel tax, collected at the 
pump, has been utilized successfully for several years in cleaning up and abating the effects of leaking 
underground fuel storage facilities. In addition to this successful program, new standards have been 
brought to bear for tank installations requiring double-walled tanks, sensors located between the tank 
walls to sense leaking from the first storage facility, elimination of underground tanks and movement to 
above-ground tanks and toward total containment systems wherein a leak is totally confined to a 
secondary area upon failure of the first. In many cases, these new regulations have eliminated the number 
of tanks which existed with farmsteads and individuals who previously had tanks for their use eliminating 
the option and fueling at commercial locations. 
 
Based on the current State clean-up program and the current requirements related to new facility 
installation, this IRWMP does not call for additional oversight consideration related to fuel storage tanks. 
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Irrigated Agriculture 
 
Considerable attention has been given for some time to the potential contamination of groundwater and 
surface waters from sources identified as being associated with irrigated agriculture. As programs are in 
place, in addition to regulatory and statutory requirements, it is accepted by this IRWMP that irrigated 
agriculture is a potential source of contamination. Efforts will continue to be expended to track the results 
of the ongoing programs, particularly as any adverse water quality occurrences may affect not only the 
beneficial use of available surface water and groundwater sources available to the IRWMP area, but may 
also affect land uses and land use planning. 
 
 
Confined Animal Facilities 
 
On a similar, but earlier pathway to the ILRP, the RWQCB identified confined animal facilities as potential 
sources of contamination affecting both surface water and groundwater. As a result, the RWQCB has 
placed confined animal facilities in a category to be regulated specific to certain findings of the RWQCB 
and with dedicated staff associated with oversight on the orders issued by the RWQCB. Unlike the General 
Order related to irrigated lands, the General Order related to confined animal facilities does not address 
representation by a third-party. Each individual operator has to respond to the General Order and while 
some monitoring is conducted on an area-wide or region-wide basis, reporting is still accomplished on a 
by-operator basis. 
 
In addition to State oversight and regulation, the County of Tulare requires Conditional Use Permits for 
confined animal facilities. The process of issuing these permits involves a significant degree of scrutiny 
and oversight often requiring an in-depth and extensive environmental document which first must be 
considered, prior to any permit-related action.  
 
As with the ILRP, it is a practice of the IRWMP process to track RWQCB actions related to confined animal 
facilities, County actions with regard to same and monitoring for trends from the reported outcomes of 
groundwater sampling and testing. These activities of the IRWM are envisioned to continue with the same, 
or increased, oversight by DCTRA. 
 
 
Publicly Owned Treatment Works 
 
Wastewater treatment and disposal systems serving urban and rural areas are subject to the Waste 
Discharge Requirements process of the RWQCB. Discharges to surface water require not only that action, 
but an additional action of the issuance of a permit under the National Pollution Discharge Elimination 
System (NPDES) which, in California, allows for primacy to be exercised by the SWRCB under agreement 
with the Federal Environmental Protection Agency. As a part of adopted and issued permit processes for 
both Waste Discharge Requirements and NPDES permits, a substantial monitoring and reporting program 
is a part. In addition, the RWQCB has instituted a spill notification program associated with sanitary sewer 
collection systems which require monthly reporting at a minimum and short-term reporting of any spill 
incident. In addition to written reports being required to be submitted to the RWQCB, monthly test result 
information is required to be submitted to the SWRCB database, which is accessible to the public 
electronically. 
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The siting of treatment and disposal facilities is a land use issue, not only for each of the counties of 
jurisdiction within the IRWMP, but also for the applicable Local Agency Formation Commissions. Issues 
related to spheres of influence, boundary expansions and types of development are given consideration 
in the County arena and by the Local Agency Formation Commission. A part of any of the major facility 
permit requirements is a Groundwater Monitoring Plan, with its separate requirements. Data from these 
programs is often required to be submitted monthly and at most quarterly, in order to allow for any 
adverse trends to be identified quickly and steps taken to identify and correct any adverse condition. At 
the current time, this information is not tracked, nor analyzed as a part of the IRWMP process. 
 
 
Storm Water Runoff 
 
Storm water runoff is generated from a number of sources including native pasture and irrigated lands, 
county and state highway systems, developed rural and urban areas and isolated commercial and 
industrial processing facilities, including packing sheds and cold storage facilities. For areas subject to 
structurally intense development procedures, County permit requirements typically mandate retention 
basins be developed as a part of the development package. The design characteristics associated with 
these facilities are such that they address retention of storms to a defined frequency in the onsite facilities. 
 
In a similar fashion, rural concentrated development and urban development is accompanied with the 
design and construction of storm water collection and detention facilities designed to what has been 
identified as a level where, for most precipitation conditions within the IRWMP area, are considered to 
be the dominant pattern. In some cases, storm water systems discharge to public district and ditch 
company facilities by agreement and to natural stream systems in order to eliminate the need for the 
acquisition and development of land for the purpose of retention of the developed waters. With very few 
exceptions, mostly associated with the ILRP, testing of the quality of these waters is not accomplished, 
certainly not on a schedule driven basis. The water quality test results associated with storm water 
discharges incorporated into the ILRP are monitored by the DCTRA IRWMP as a normal activity of staff of 
DCTRA member units and their consultants. As noted, beyond the ILRP efforts and the aged efforts of the 
U.S. Geological Survey, water quality information associated with storm water discharges is virtually non-
existent. 
 
 
C.9 Cultural, Social, and Economic Profile 
 
A region’s social and cultural makeup is a key consideration in integrated regional water management 
planning. The U.S. EPA’s guide “Community Culture and the Environment: A Guide to Understanding a 
Sense of Place” recommends a variety of ways to define a community in order to better understand the 
community’s sense of place and cultural values.  
 
The following information was assessed to develop and understanding of the Region’s Cultural, Social, 
and Economic Profile: 
 

• Local Organizations and Associations 
• Local Traditions and Community Events 
• Demographic Information 
• Economic Conditions 
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C.9.1 Local Organizations and Associations 
 
Local organizations and associations play an active role within the Tule River Basin region. These 
organizations serve to protect and enhance the societal segments for which they were created. 
Examples of such community groups are listed below in Table C-3. These organizations provide an 
opportunity for community members to become involved in a variety of social facets throughout the 
region.  
 

Table C-3. Local Organizations and Associations 
 

Societal Segments Examples of Local Organizations and Associations 

Agriculture 

Tulare County Farm Bureau  
Tulare County Dairy Herd Improvement Association 
Porterville FFA 
Almond Board of California 

Business, Transportation, and 
Housing 

Tulare County Chamber of Commerce 
Tulare County Association of Realtors 
Home Builders Association of Tulare 
Tulare County Bar Association 

Cultural 

Tulare County Historical Society 
Native American Heritage Commission  
Porterville Art Association 
Tulare-Kings Hispanic Chamber of Commerce  
Tulare County Hispanic Leadership Network 

Education 

Tulare-Kings Music Educators Association 
Tulare County School Boards Association 
Tulare County Association of Educators 
Porterville Educators Association 

Environmental 

Tulare Counmty Citizens for Responsible Growth 
WildPlaces 
Tulare Basin Wildlife Partners 
Tulare County Audubon Society  

Health and Community Welfare 

Tulare County Medical Society 
Foodlink for Tulare County Inc. 
Habitat for Humanity of Tulare/Kings Counties 
Kings/Tulare Homeless Alliance 

Local Government 

Tulare County 
City of Porterville 
Community Service Districts 
Tulare County Association of Governments 

Religion 

Churches and Religious Organizations 
Porterville Christian Women’s Club 
Tulare-Kings County’s Youth for Christ 
Catholic Professional and Business Club of Tulare-Kings 

Tourism and Recreation 
Tulare County Trap Club 
Southern Tulare County Sportsman’s Association 
Sequoia Tourism Council 
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C.9.2 Local Traditions and Community Events 
 
Local traditions and community events bring community members together and highlight commonly held 
community values. The following list describes the most notable community events and traditions within 
the IRWM region. These activities celebrate the region’s history, cultural influences, and values.  
 

• Tule River Powwow: The Tule River Powwow is a national event that takes place every September 
in Porterville. The event brings Native Americans from throughout North America to compete in 
various Tribal drumming and dancing contests. The Tule River Powwow event is open to the public 
and visitors can enjoy a variety of demonstrations in Native American art, basket weaving, and 
language.  
 

• Porterville Fair & Junior Livestock Show: The Porterville Fair was first established in 1948 and is 
considered a community tradition. The event highlights the region’s agricultural prosperity 
through a variety of Livestock shows, including exhibits from local 4-H and FFA chapters.  

 
• Iris Festival: The Iris Festival takes place at Sutton’s Iris Garden in Porterville. As the world’s largest 

distributor of reblooming Iris, the City of Porterville declared the Purple Iris its official flower in 
1963 and celebrates the flower at its annual Iris Festival each April, during blooming season. 
Visitors can enjoy walking through fields of blooming Iris flowers as well as an annual Chili Cookoff.  

 
• Juneteenth: Allensworth is a community founded in 1908 by a former slave who sought to create 

a community where African Americans could self-govern and thrive without racial discrimination. 
The Juneteenth celebration in Allensworth honors this history by commemorating June 19, 1865, 
the day considered to be the effective end of slavery in the United States. The event includes 
guest speakers, historic building tours, and a variety of food and beverage options.  

 
• Allensworth Old Time Jubilee: The Allensworth Old Time Jubilee is a family-friendly event takes 

place every year in May and celebrates the time of year when the carnival would come to the 
historic town. Visitors can enjoy a variety of games, live entertainment, and demonstrations of 
early 20th century activities. 

 
C.9.3 Demographic Information 
 
Census information provides a basic profile of the current social characteristics of the communities within 
the IRWM boundary. Figures C-10 through C-16 provide a visual summary of census information 
describing the following demographic information: 
 

• Median Age 
• Educational Attainment  
• Ethnicity  
• Language 

 
Median Age: As shown in Figure C-10 below, the population within the IRWM planning area is relatively 
young in comparison to the State’s population. The median age of most communities within the region is 
between 20 and 30. The high number of individuals between the ages of 20 and 30 suggests significant 
potential for population growth at an increased rate compared to the State.  
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Figure C-10. Median age of residents within the IRWMP region. (Data source: Census Bureau ACS 5-year estimate) 
 

Educational Attainment: Levels of educational attainment within the IRWM planning area are relatively 
low in comparison to the State as a whole. The primary variations in educational attainment between the 
IRWM planning area and the State are high school graduation rates and rates of bachelors or higher 
degree attainment.  As shown below, the IRWM planning area has a far higher proportion of residents 
who have not obtained a high school diploma or equivalency as compared to the State. The State has a 
much higher proportion of individuals who have obtained a bachelor’s degree or higher in comparison to 
the IRWM planning area. The State and IRWM planning area have relatively similar proportions of 
individuals whose highest educational attainment is a high school diploma (or equivalency), some college 
(no degree) or an associate’s degree.  
 

 
 

Figure C-11. Highest level of educational attainment of residents within the IRWMP region.  
(Data source: Census Bureau ACS 5-year estimate) 
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Ethnicity and Language: As shown in figures C-12 to C-14 below, the IRWMP area contains higher 
proportions of Hispanic and Native American individuals in comparison to the state as a whole. 
Approximately 80% of residents within the IRWM planning area over the age of 5 speak Spanish in the 
home, and more than half of Spanish-speaking residents describe their ability to speak English as less than 
“very well.” These findings suggest that all public outreach materials for projects within the scope of this 
IRWMP must be provided in both English and Spanish, in order to better allow non-English speaking 
participants to participate in important water management decisions.  

 

 
 

Figure C-12. Ethnic Diversity within the IRWMP region. (Data source: Census Bureau ACS 5-year estimate) 
 
 

 
 

Figure C-13. Language spoken at home of population 5-years and over within the IRWMP region. 
(Data source: Census Bureau ACS 5-year estimate) 
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Figure C-14. Percent of Non-English language users ability to speak English.  
(Data source: Census Bureau ACS 5-year estimate) 

 
C.9.4 Projected Population Growth 
  
Tulare county is projected to grow to over 1,000,000 residents by 2050.  The 2010 Tulare County General 
Plan Background Report identifies a 1.3% projected annual growth rate for unincorporated areas of Tulare 
County. The City of Porterville General Plan predicts that the city’s population will grow by an average 
3.7% annually. These values were used to project the population growth within the IRWMP region through 
2040. As shown in Figure C-10, the IRWMP region’s population is project to grow from 76,554 to 194,080 
between 2010 and 2040. This growth will lead to increasing demand for water in the future. The region’s 
ability to meet these demands will depend on effective water management and is a primary goal for this 
IRWMP.   
 

 
 

Figure C-15. Predicted urban population growth.  
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C.9.5 Economic Conditions and Trends 
 
The California Central Valley is one of the most productive regions on earth and produces 8% of the 
nation’s total agricultural output. As such, agriculture is the primary economic driver in the IRWMP region. 
The nation’s dependence on crops grown within the IRWMP region makes it is extremely likely that the 
industry will continue to flourish and that agriculture will continue to be the primary economic driver into 
the future. 
 
The IRWMP region is also distinguished economically by the large presence of disadvantaged 
communities. Almost all of the communities in the IRWM planning area meet the state definition of a 
disadvantaged community (DAC), meaning that the median household income is less than 80% of the 
statewide average. As such, DACs play a critical role in the IRWM planning process. While most small DACs 
are not signatory to the Plan MOU, many do participate on the same basis as signatory parties. Special 
efforts have been made to educate and engage DACs within the planning area, and DAC issues are central 
to the development of IRWMP objectives and projects. 
 

 
 

Figure C-16. Median household income within the IRWM planning area. 
(Data source: Census Bureau ACS 5-year estimate) 
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C.10 Key Region Wide and Watershed Specific Issues 
 
There are a number of key issues related to water management within the IRWM Planning Area. These 
include issues related to groundwater conditions, water quality, and disadvantaged communities.  
Correcting these issues is a primary focus of the IRWM Plan and possible solutions are addressed 
throughout the document.  
 
Declining groundwater conditions of the Tule Sub basin is a principal issue in the region. Extensive over 
drafting has escalated the price of groundwater extraction and created potential conflicts between 
agricultural water users, who have rights to the majority of surface water, and rural/urban water users, 
whose sole source of supply is groundwater. Although these stakeholder groups currently consider 
themselves to have common interests, tension will likely form as water availability declines.   
 
Impacts of land use decisions on water quality is another source of contention in the region. An 
inadequate level of communication exists between land use planners and those responsible for water 
management. This is exemplified through land use planners’ approval of land uses that require water 
quality compliant with state and federal drinking water standards in areas in areas where compliant water 
sources are unavailable. This ultimately results in the unavailability of compliant water quality sources to 
end users. This issue can be seen in both legacy and current land use practices. 
 
 
C.10.1 Tribal Community Water Challenges  
 
The Tule River Tribal Reservation is located upstream of the IRWM planning area along the South Fork of 
the Tule River. Securing adequate water resources is a primary challenge for the Tribe, particularly during 
drought periods. The Tribe has a consumptive right to water in the amount of 5,828 acre-feet per year, 
however, infrastructure to store that water for beneficial use does not yet exist.  
 
Active negotiations between the Tule River Tribe, South Tule Independent Ditch Company, and the Tule 
River Association regarding the Tribe’s water needs began in 1998. A settlement agreement (The Tule 
River Tribe Reserved Water Rights Settlement Agreement) was finally reached in 2007. This agreement 
seeks to settle damage claims against the United States and provide adequate and reliable water and land 
to support a sustainable homeland for the Tribe and its members.  
 
The Tribe proposes to construct a dam, which would impound a 5,000-acre-foot reservoir, as well as a 
new or expanded water treatment plant and water conveyance pipeline. This project is supported by the 
City of Porterville, Tulare County, the Tule River Association, the South Tule Independent Ditch Company 
and a variety of other local and federal interest groups. A Water Settlement Technical Report was 
conducted in June 2013 to provide a technical foundation for project construction.  
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Section D – Water Supply, Demand, and Water Budget 
 
 
The Tule River Basin IRWM planning area is approximately 673 square miles and is situated within The 
Tule Subbasin of the San Juaquin Valley Groundwater Basin. The region supports both urban and 
agricultural water demands. A balance between water supply and water demand is necessary for 
economic and ecologic sustainability. 
 
 
D.1 Introduction 
 
This section of the Tule River Basin IRWMP provides a discussion and analysis of the current and projected 
water supply and demand for the Tule River Basin IRWM planning area from 2020-2040. The section 
begins with a discussion of surface water supplies and water demand for each water management district. 
This is followed by an analysis of groundwater supply, which is discussed at a regional level due to the 
shared nature of groundwater resources. The section concludes with a summary of the region’s water 
supply demand balance, and a discussion of future impacts on the water budget.  
 
 
D.1.1 Use of IRWM Plan for Determining Adequacy of Water Supplies Under Senate Bill 610 and 221  
 

 
This section does not make any conclusions on the adequacy of water supplies to meet water demands, 
but does discuss likely deficiencies and probable actions. The rigor of analysis required as part of the 
required study of sustainable water supplies under Senate Bills 610 and 221 for new developments should 
be done as a separate evaluation supported by the latest local UWMPs and groundwater management 
plans. 
 
 
D.2 Water Management Districts 
 
D.2.1 Lower Tule River Irrigation District  
 
The Lower Tule River Irrigation District is one of the largest irrigation districts in the State of California. 
The district is bordered by the Pixley Irrigation District to the south, the Porterville Irrigation District to 
the East, and the Saucelito Irrigation District on the southeast corner. As of 2010, the Tule River Irrigation 
District is comprised 103,086 acres, 84,169 of which are under irrigated agricultural use. The following 

Senate Bill 221 
SB 221 requires all cities and counties to include, as a condition in their approval of a 
tentative subdivision map for a large residential subdivision, that a sufficient water 
supply must be available. 

Senate Bill 610 
SB 610 expanded the requirement for public water systems to prepare water supply 
assessments for development projects. Specifically, the bill increases the number of 
projects subject to a water supply assessment and compliance with SB 221.   
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water supply and demand data was taken from the 2012 Lower Tule River Irrigation District Water 
Management Plan and the 2017 Central Valley Project Operations Report.  
 
 
Surface Water Supply 
 
The majority of surface water supply within the district is derived from water diversions from the Friant-
Kern Canal under two separate long term surface water contracts (Class 1 and Class 2) with the U.S. Bureau 
of Reclamation via the Central Valley Project. The district has a maximum entitlement of 61,200 AF/Year 
under the class 1 Contract and 238,000 AF/Year under the Class 2 Contract. The amount of water delivered 
varies significantly depending on total water availability. In a normal water year, CVP typically delivers 
much less than the maximum contracted amount. For example, from 2001-2010, the average amount of 
water supplied per year to the District through Class 1 and 2 Contracts was 120,166 AF. This supply dipped 
to zero at the peak of the California drought (2015) but increased to the full contract allocation in 2017.  
 
In addition to Federal Agricultural Water entitlements, the District has Tule River Rights based on pre-
1914 water rights. The water received from Lake Success is associated with the District’s Tule River Rights. 
The average annual yield of those combined rights is approximately 70,000 AF per year. However, these 
water rights are currently impaired by limited storage conditions behind Success Dam which are limited 
by the Army Corps of Engineers due to concerns about the safety of the dam. The actual average supply 
from this source from 2001-2010 was 57,891 AF/Year, however supply varies greatly from year to year.   
 
 

Table D-1. Lower Tule River Irrigation District Surface Water Supplies 
 

Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Federal Agricultural Water  171,428 120,166 
Local Surface Water  89,215 57,891 
Transferred Water 8,100 8,100* 

Total 268,743 178,057 
 
 
Demand 
 
Because there are no urban water users within the District, 100% of water demand is due to agriculture. 
There are 209 farms and 610 total delivery points within the district. Corn is the most dominant crop 
cultivated by farms within the district and has an average evapotranspiration rate of 3.4 acre-feet per 
acre. Distribution losses are almost entirely due to seepage, which is when water percolates from canals 
and other conveyance systems into the surrounding soil.  
 
 

Table D-2. Lower Tule River Irrigation District Water Demand (2010 Data) 
 

Demand Source AF/Year (2010 Data) 
Applied Crop Water Use 367,038 
Distribution Losses 105,259 

Total 472,297 
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D.2.2 Pixley Irrigation District  
 
The Pixley Irrigation District was formed in 1958 to promote flood control and secure supplemental 
irrigation water supply from the Federal Central Valley Project and other agencies. Pixley Irrigation district 
is bordered by the Lower Tule River Irrigation District to the north and Saucelito Irrigation District to the 
east. The district covers 69,571 acres, 59,283 of which are under irrigated agricultural uses. 
 
The following water supply and demand data was taken from the 2012 Lower Tule River Irrigation District 
Water Management Plan and the 2017 Central Valley Project Operations Report. 
 
 
Surface Water Supply 

 
The Pixley Irrigation District contains very limited surface water supplies, Water transfers from the Lower 
Tule River and Porterville Irrigation Districts are the primary source of surface water supply in the Pixley 
district. Combined, these districts supplied 30,296 AF of water in 2010.  
 
In addition to water transfers from other districts, Deer Creek, a local surface water resource, provides a 
small contribution to the districts water supply. Local surface water from Deer Creek supplied an average 
of 2,156 AF/Year between 2001 and 2010.  
 
The Pixley Irrigation District documents a maximum annual entitlement of 31,102 AF/Year with the U.S. 
Bureau of Reclamation via the Central Valley Project in its 2012 Water Management Plan. However, the 
plan records zero delivery from this source between 2001 and 2010.  
 

Table D-3: Pixley Irrigation District Surface Water Supplies 
 

Surface Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Water Transfers 30,296 30,2961 
Local Surface Water 1,000 2,165 

Total 31,296 32,4611 
*2010 water transfer data is used as 2001-2010 average in calculation of total due to data availability. 

 
 
Demand 
 
As an irrigation district, water demands are entirely related to agriculture. The district contains 59,283 
irrigated acres with a total of 94 separate farms and 166 water delivery points. Corn is the most dominant 
crop cultivated by farms within the district and has an average evapotranspiration rate of 3.4 acre-feet 
per acre. Distribution losses contribute to water demand within the district. Distribution losses are almost 
entirely due to seepage, which is when water percolates from canals and other conveyance systems into 
the surrounding soil.  
 

Table D-4. Pixley Irrigation District Water Demand (2010 Data) 
 

Demand Source AF/Year 
Applied Crop Water Use 182,746 
Distribution Losses 11,503 

Total 194,249 
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D.2.3 Porterville Irrigation District  
 
The Porterville Irrigation District was formed in 1949 to establish a water supply contract from the Central 
Valley Project. The district is located west of the City of Porterville, east of the Lower Tule River Irrigation 
District, and north of the Saucelito Irrigation District. The district covers approximately 16,900 acres, 
12,672 of which are under irrigated agricultural uses. The following water supply and demand data was 
taken from the 2012 Porterville Irrigation District Agricultural Water Management Plan.   
 
 
Surface Water Supply 
 
The majority of surface water supply within the district is derived from water diversions from the Friant-
Kern Canal under two separate long-term surface water contracts (Class 1 and Class 2) with the U.S. 
Bureau of Reclamation via the Central Valley Project. The district has a maximum entitlement of 16,000 
AF/Year under the class 1 Contract and 30,000 AF/Year under the Class 2 Contract. 
 
The amount of water delivered varies significantly depending on total water availability. In a normal water 
year, CVP typically delivers much less than the maximum contracted amount. For example, from 2001-
2010, the average amount of water supplied per year to the District through Class 1 and 2 Contracts was 
19,856 acre-feet. This supply dipped to zero at the peak of the California drought (2015) but increased to 
the full contract allocation in 2017. Recirculated water from the Central Valley Project provided a small 
contribution to total water supply in 2010.  
 
In addition to Federal Agricultural Water entitlements, the District has Tule River Rights based on pre-
1914 water rights. The district is contracted 10,000 acre-feet per year, however these water rights are 
currently impaired by limited storage conditions behind Success Dam which are limited by the Army Corps 
of Engineers due to concerns about the safety of the dam. Thus, actual supply varies greatly from year to 
year. This source supplied an average of 6,682 acre-feet per year between 2001 and 2010.  
 
 

Table D-5: Porterville Irrigation District Surface Water Supply 
 

Surface Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Federal Agricultural Water 12,814 19,856 
Local Surface Water 
(Tule River) 

6,978 6,682 

Other* (Recirculation Water) 941 94 
Total 20,733 26,631 

*“Other” water was CVP recirculation water that was delivered to the District during the months of August 2010 and 
September 2010. 

 
 
Demand 
 
Because there are no urban water users within the Irrigation District, 100% of water demand is due to 
agriculture. There are 91 farms and 138 total delivery points within the district. Walnuts are the most 
dominant crop cultivated by farms within the district and have an average evapotranspiration rate of 2.7 
acre-feet per acre. 
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Water transfers to the Pixley Irrigation District are a significant contributor to water demand within the 
district. Water transfers are used to support agricultural production in the neighboring district and 
totaled 17,004 acre-feet in 2010.  
 
Distribution losses also contribute to total water demand within the district. Water loss during 
distribution is entirely due to seepage, which is when water percolates from canals and other 
conveyance systems into the surrounding soil. The Porterville Irrigation District Water Management Plan 
estimates seepage loss using average flow measurements throughout the distribution system.  
 
 

Table D-6: Porterville Irrigation District Water Demand 
 

Demand Source AF/Year (2010 Data) 
Applied Crop Water Use 44,466 
Transfers (To Pixley Irrigation 
District) 

17,004 

Distribution Losses 5,529 
Total 66,999 

 
 
D.2.4 Saucelito Irrigation District  
 
The Saucelito Irrigation District was formed in 1941 to supply agricultural water to district lands. The 
district is located east of the Pixley Irrigation District, south of the Porterville and Lower Tule River 
Irrigation Districts and covers approximately 19,737 acres. The Saucelito Irrigation District is entirely 
composed of agricultural users. The following water supply and demand data was taken from the 2012 
Saucelito Irrigation District Agricultural Water Management Plan.   
 
 
Surface Water Supply 
 
The majority of surface water supply within the district is derived from water diversions from the Friant-
Kern Canal under two separate long-term surface water contracts (Class 1 and Class 2) with the U.S. 
Bureau of Reclamation via the Central Valley Project. The district has a maximum entitlement of 21,200 
AF/Year under the class 1 Contract and 32,800 AF/Year under the Class 2 Contract. 
 
The amount of water delivered varies significantly depending on total water availability. In a normal water 
year, CVP typically delivers much less than the maximum contracted amount. For example, from 2001-
2010, the average amount of water supplied per year to the District through Class 1 and 2 Contracts was 
29,734 AF. This supply dipped to zero at the peak of the California drought (2015) but increased to the full 
contract allocation in 2017. Local Surface Water also provides a small annual contribution to the District’s 
water supply.   
 
In 2010, irregular water supplies totaling 5,202 acre-feet were created through recovered water systems 
and transfers from other districts. 
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Table D-7: Saucelito Irrigation District Surface Water Supplies 
 

Surface Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Federal Agricultural Water 36,934 29,734 
Local Surface Water 413 338 
Other* 5,202 520 

Total 42,549 30,592 
 
*“Other water” was transfers in in the amounts of 3,034 acre-feet and 1,200 acre-feet and Recovered Water Account supplies 
in the amounts of 516 AF and 452 AF. 
 
 
Demand 
 
Because there are no urban water users within the District, 100% of water demand is due to agriculture. 
There are 88 farms and 215 total delivery points within the district. Grapes are the most dominant crop 
cultivated within the district. Grapes have an average evapotranspiration rate of 2.7 acre-feet per acre 
and account for 3,476 acres within the district. 
 
Distribution losses are entirely due to seepage, which is when water percolates from canals and other 
conveyance systems into the surrounding soil. The Saucelito Irrigation District Water Management Plan 
acknowledges that seepage does occur, but identifies it as a source of groundwater replenishment. 
 
 

Table D-8: Saucelito Irrigation District Water Demand 
 

Demand Source AF/Year (2010 Data) 
Applied Crop Water Use 52,727 

Distribution losses 372 
Total  53,099 

 
 
D.2.5 Tea Pot Dome Water District  
 
The Tea Pot Dome Water District was formed in 1954 and is located south of the City of Porterville and 
North of the Terra Bella Irrigation District. The district covers approximately 3,481 acres, 3,282 of which 
are under irrigated agricultural use. All water use within the district is designated as agricultural.   
 
The following water supply and demand data was taken from the 2011 Tea Pot Dome Water District Water 
Management Plan.   
 
 
Surface Water Supply 
 
All surface water is supplied to the district through water diversions from the Friant-Kern Canal under long 
term surface water contracts with the U.S. Bureau of Reclamation via the Central Valley Project. The 
district has a maximum entitlement of 7,500 AF/Year under this contract, however actual water deliveries 
are usually lower than the maximum entitlement and dependent on water availability. For example, the 
district received an average of 6,120 acre-feet per year between 2001 and 2011. Federal agricultural 
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surface water supplies were not delivered at the peak of the California drought (2015), however deliveries 
increased to the full contract allocation in 2017.  
 
 

Table D-9: Tea Pot Dome Surface Water Supply 
 

Surface Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Federal Agricultural Water 5,944 6,128 

Total 5,944 6,128 
 
 
Demand 
 
Because there are no urban water users within the District, 100% of water demand is due to agriculture. 
There are 65 farms and 125 total delivery points within the district. Citrus is the most dominant crop 
cultivated within the district. Citrus has an average evapotranspiration rate of 3.4 acre-feet per acre and 
accounts for 2,997 acres within the district. 
 
Distribution losses are entirely due to seepage, which is when water percolates from canals and other 
conveyance systems into the surrounding soil. The Tea Pot Dome Water District Water Management Plan 
estimates a 2% loss from seepage for every 100 feet of pipe. 
 
 

Table D-10. Tea Pot Dome Water Management District Water Demand 
 

Demand Source AF/Year (2010 Data) 
Applied Crop Water Use 8,038 
Distribution losses 23 

Total 8,061 
 
 
D.2.6 Terra Bella Irrigation District  
 
The Terra Bella Irrigation District was formed in 1915 to obtain agricultural water for district lands. The 
district is located in the south-east corner of the IRWM planning area and covers approximately 13,962 
acres, 12,739 of which are under irrigated agricultural use. The district serves both urban and agricultural 
users. The following water supply and demand data was taken from the 2013 Terra Bella Irrigation District 
Agricultural Water Management Plan.   
 
 
Surface Water Supply 
 
Surface water supplies to the Terra Bella Irrigation District are entirely composed of water diverted from 
the Friant-Kern Canal under two separate long-term surface water contracts (Class 1 and Class 2) with the 
U.S. Bureau of Reclamation via the Central Valley Project. The district has a maximum entitlement of 
29,000 AF/Year under the class 1 Contract and 1,200 AF/Year under the Class 2 Contract. Federal urban 
deliveries are made under these contracts.  
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The amount of water delivered per year varies significantly depending on total water availability. In a 
normal water year, CVP typically delivers much less than the maximum contracted amount. For example, 
federal contracts supplied an average of 18,129 acre-feet of agricultural water and 1,044 acre-feet of 
urban water per year from 2001-2010. This supply dipped to zero at the peak of the California drought 
(2015) but increased to the full contract allocation in 2017.  
 
 

Table D-11: Terra Bella Irrigation District Surface Water Supply 
 

Surface Water Supply Source AF/Year (2010 Data) AF/Year (Average 2001-2010) 
Federal Urban Water 1,182 1,044 
Federal Agricultural Water 15,985 18,129 
Local Surface Water 
 

  

Other (Transport)* 12,980 1,298 
Total 30,147 20,472 

* “Other” water was Federal CVP contract supply. 
 
 
Demand 
 
The Terra Bella Irrigation District supports both urban and agricultural water demands.  
The majority of water demand is due to agricultural land use. The district contains 1,222 farms and 1,473 
total delivery points.  Citrus is the primary crop cultivated within the district and has an average 
evapotranspiration rate of 3.4 acre-feet per acre.  
 
In addition to agricultural water demand, urban users contribute to the district’s total water demand. 
There are 668 urban connections. All urban connections are metered, which encourages water 
conservation.  
 
The district does not quantify any distribution losses. The Districts Water Management Plan cites 
continuous maintenance and system repair as sufficient measures to reduce distribution losses to less 
than significant levels. 
 
 

Table D-12: Terra Bella Irrigation District Water Demand 
 

Demand Source AF/Year (2010 Data) 
Applied Crop Water Use 30,475 
Urban Use (Single Family-
Residential) 

1,182 

Total  31,657 
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D.2.7 Porterville (2015 Urban Water Management Plan) 
 
The City of Porterville is the only incorporated city within the IRWMP region. The Porterville Urban Water 
Management Plan was adopted in 2010 and updated in 2014. The Porterville Urban Planning area covers 
36,341 acres and includes the city as well as unincorporated areas outside the city that are of interest for 
long-term planning. The following water supply and demand data was taken from the 2015 City of 
Porterville Urban Water Management Plan.  
 
 
Surface Water Supply 
 
The City of Porterville Urban Water Management Planning Area does not receive any supplies from 
surface water and depends entirely on groundwater. However, the City anticipates purchasing surface 
water from Porterville Irrigation District and receiving surface water transfers in the future.  
 
 
Demand 
 
The City of Porterville Urban Water Management Planning Area supports a variety of urban water uses. 
Future demand was projected based on general plan land uses, projected growth rates, and historic 
demands. 
 
 

Table D-13: City of Porterville Water Demand 
 

Demand Source AF/Year (2010 Data) 
Single Family 7,051 
Multi-Family 1,788 
Commercial/Institutional 2,007 
Industrial 78 
Landscape Irrigation 410 
Other 427 
Agricultural Irrigation 0 
System Losses 619 

Total 12,380 
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D.2.8 Unincorporated Urban Community Service Districts 
 
There are eight unincorporated urban communities within the IRWMP region. Unincorporated 
communities cover 50 square miles within the IRWM planning area and make up 30% or the region’s total 
population. Local Community Service Districts own and operate private wells which are used to provide 
water for residential, commercial, and industrial uses. The unincorporated communities located within 
the IRWMP region are as follows:  
 

• East Porterville 
• Terra Bella 
• Tipton 
• Pixley 

• Woodville 
• Poplar 
• Allensworth 
• Teviston

 
Surface Water Supply  
 
Unincorporated urban communities within the IRWMP region do not receive any surface water supplies 
because surface water is used to meet agricultural water demands. Instead, these communities derive 
water resources entirely from the Tule Sub Basin.  
 
 
Demand 
 
Water demand for unincorporated communities within the IRWMP region is difficult to quantify because 
most water hookups are unmetered and well production is generally unmeasured. This makes it 
impossible to accurately determine the community’s water use. Additionally, water use data that is 
available is out of date and based on much smaller populations. For this reason, water demand was 
estimated for each community district by multiplying the average water use per capita per day as 
identified in Tulare County General Plan (160 gallons per capita per day) with the community’s 2010 
population.  
 
 

Table D-14: Urban water demand in unincorporated communities within the IRWMP region. 
 

Urban Water Demand 

Community Population 
(2010) 

Per Capita Water Use 
 (Gallons Per Day) 

Community 
Water Use 
(Gallons Per Day) 

Community Water Use  
(Gallons Per Year) 

Community 
Water Use  
(Ac-Ft Per Year) 

East Porterville 7331 160 1172960 428130400 1314 
Terra Bella 3310 160 529600 193304000 593 
Tipton 2543 160 406880 148511200 456 
Pixley 3310 160 529600 193304000 593 
Woodville 1740 160 278400 101616000 312 
Poplar 2470 160 395200 144248000 443 
Allensworth 471 160 75360 27506400 84 
Teviston 1214 160 194240 70897600 218 

 Total 30926   3582240 1307517600 4013 
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D.3 Groundwater Supply: The Tule Sub Basin 
 
All Water Management Districts within the IRWM planning area receive groundwater supplies from the 
Tule Basin, a Subbasin of the San Joaquin Valley Groundwater Basin. Because the Sub basin is shared by 
IRWMP member districts, groundwater supply will be discussed with regard to the IRWMP region as a 
whole.  
 
The basin is composed of two extensive and usable groundwater aquifers. The upper aquifer is unconfined 
and highly receptive to recharge from locations throughout the District extending east into the foothills 
of the Sierra Nevada Mountains. The lower aquifer is confined under the Corcoran Clay layer and can be 
effectively recharged from areas east of Highway 99.  
 
The Tule River is the primary source of groundwater replenishment within the Lower Tule River Irrigation 
District. Recharge is accomplished primarily by seepage from the Tule River channels and from distribution 
canals, by deep percolation from irrigation, and by artificial percolation from spreading basins. 
 
Total groundwater supply was determined using safe yield. The safe yield of a groundwater basin is the 
rate at which groundwater can be extracted without causing long-term water level decline. Safe yield is 
generally considered equal to the average replenishment rate of the basin from natural and artificial 
recharge. Using safe yield, rather than actual yield, to determine average annual groundwater supply will 
result in a responsible water budget that can be used to develop sustainable groundwater management 
practices.  
 
A Water Supply Evaluation Report was prepared in 2009 for the Tulare County General Plan 2030 update. 
This report estimates the basin’s natural recharge at 34,400 acre-feet per year and applied water recharge 
at 201,000 acre-feet per year. These values were used to estimate the basin’s safe yield at 235,400 acre-
feet per year.  

 
 

Figure D-1. Lines of Equal Elevation of Water in Wells, Unconfined Aquifer (Spring 2010) 
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 D.4 Regional Supply and Demand Balance  
 
The difference between supply and demand is demonstrative of demand exceeding supply. This finding 
is confirmed by the declining groundwater table within the DCTRA IRWMP area. Although water 
management districts within the IRWMP region have been able to meet their water demands using 
groundwater thus far, they will not be able to do so indefinitely at the current rate of groundwater 
extraction.  
 
 

Table D-15. Table summarizing of the region’s water supply and demand balance. 
 

Water Supply-Demand Balance 

  Average 
Surface 
Water 

Supplies 
(2001-
2010) 

Groundwater 
Supply 

(Based on 
Tule Basin 
Safe Yield, 
AF/Year)* 

Groundwater 
Demand 
(District 

Demand - 
District 
Surface 
Supply) 

% of Total 
Groundwater 

Demand 

Total 
Water 

Demand 
(2010 
Data, 

AF/Year) 

Water 
Supply 

Demand 
Balance 

(AF/Year) 

Lower Tule River ID 178,057 126,299 294,240 53.65% 472,297 -167,941 

Pixley ID 32,461 69,446 161,788 29.50% 194,249 -92,342 
Porterville ID 26,631 17,327 40,368 7.36% 66,999 -23,041 
Saucelito ID 30,592 9,661 22,507 4.10% 53,099 -12,846 
Tea Pot Dome WD 6,128 830 1,933 0.35% 8,061 -1,103 
Terra Bella ID 20,472 4,801 11,185 2.04% 31,657 -6,384 
City of Porterville 0 5,314 12,380 2.26% 12,380 -7,066 
East Porterville 0 564 1,314 0.24% 1,314 -750 
Terra Bella 0 255 593 0.11% 593 -338 
Tipton 0 196 456 0.08% 456 -260 
Pixley  0 255 593 0.11% 593  -338 
Woodville 0 134 312 0.06% 312 -178 
Poplar 0 190 443 0.08% 443 -253 
Allensworth 0 36 84 0.02% 84 -48 
Teviston 0 94 218 0.04% 218 -124 

IRWMP Region 294,341 235,400 548,414   100.00% 842,755 -313,014 

 
 
*Each district’s groundwater supply values are based on the district’s percentage of total groundwater 
demand in relationship with the Tule Basin’s safe yield and was calculated using the following equation: 
 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐺𝐺𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐷𝐷𝐺𝐺𝐷𝐷 𝑆𝑆𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐺𝐺𝐷𝐷𝐺𝐺𝐷𝐷 𝐷𝐷𝐺𝐺𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝐺𝐺𝐷𝐷𝑆𝑆𝐺𝐺𝐷𝐷𝐺𝐺 𝑆𝑆𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝐺𝐺𝐷𝐷
𝑅𝑅𝐺𝐺𝑅𝑅𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆 𝑊𝑊𝐺𝐺𝐷𝐷𝐺𝐺𝐷𝐷 𝐷𝐷𝐺𝐺𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺 − 𝑅𝑅𝐺𝐺𝑅𝑅𝐷𝐷𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆 𝑆𝑆𝐺𝐺𝐷𝐷𝑆𝑆𝐺𝐺𝐷𝐷𝐺𝐺 𝑆𝑆𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝐺𝐺𝐷𝐷  𝑥𝑥 𝑇𝑇𝐺𝐺𝑆𝑆𝐺𝐺 𝐵𝐵𝐺𝐺𝐷𝐷𝐷𝐷𝐺𝐺 𝑆𝑆𝐺𝐺𝑆𝑆𝐺𝐺 𝑌𝑌𝐷𝐷𝐺𝐺𝑆𝑆𝐺𝐺 

 
** Tule Sub Basin safe yield, as identified in the 2009 Water Supply Evaluation Report prepared for the 
2030 Tulare County General Plan. 
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D.5 Water Supplies and Demand Through 2040 
 
Ensuring water availability into the future is a primary objective of this IRWMP. By evaluating the factors 
that influence water use, it is possible to predict future water supply and demand. Although all water 
supply and demand predictions are inherently uncertain and based on assumptions, the practice of 
evaluating future water supply and demand encourages water resource managers to make decisions 
based on their long-term benefits. This section was developed to satisfy the 2016 IRWMP Guideline 
requirement to develop a water budget with a 20 year planning horizon. The section is organized in the 
following order: 
 

• Projected Urban Water Demand 
• Projected Agriculture Demand 
• Predicted Changes to Regional Water Supply 
• Plan to Reduce Dependence on the San Joaquin Delta Supply 

 
 
D.5.1 Projected Urban Water Demand  
 
There is one incorporated and nine unincorporated urban areas within the IRWM planning area. Future 
water demand for these areas is based on assumed growth rate and per capita water use. Average per 
capita water use values were assumed based on the Tulare County General Plan, which identifies an 
average of 160 gallons per capita per day as the average per capita water use within the county. 
Predicted growth rates are based off information provided in the Tulare County and City of Porterville 
General Plans. The average annual growth rate for unincorporated communities used in this analysis 
was taken from the 2010 Tulare County General Plan Background Report, which identifies a 1.3% 
projected annual growth rate for unincorporated areas of Tulare County. The average annual growth 
rate for the City of Porterville was provided by the City of Porterville General Plan, which predicts that 
the city’s population will grow by 3.7% annually. 
 
Based on these annual average growth rates, the IRWMP region’s population is expected to grow from 
76,554 to 194,080 between 2010 and 2040.  As shown in figure D-2, this increase in population will have 
large impact on urban water demand. To ensure adequate water supplies to support future population 
growth, water availability should be taken into account when considering new urban development 
projects within the IRWMP region.  
 
 
 
 
 
 
 
 
 
 
 
 

 



Tule River Basin Integrated Regional Water Management Plan 
Section D – Water Supply, Demand, and Water Budget 

 
 

March 2019 D-14 

Table D-16: Projected Urban water demand in Acre-Feet / year through 2040. 
 

Projected Urban Water Demand (Acre-Feet/Year) 

Year 2010 2015 2020 2025 2030 2035 2040 

Porterville 9,708 11,641 13,960 16,741 20,076 24,076 28,872 

East 
Porterville 

1,314 1,402 1,495 1,595 1,701 1,815 1,936 

Terra Bella 593 633 675 720 768 819 874 

Tipton 456 486 519 553 590 629 671 

Pixley 593 633 675 720 768 819 874 

Woodville 312 333 355 379 404 431 459 

Poplar 443 472 504 537 573 611 652 

Allensworth 84 90 96 102 109 117 124 

Teviston 218 232 248 264 282 301 321 

Total 13,720 15,922 18,526 21,612 25,272 29,618 34,784 

 
 
 

 

 
 
 

Figure D-2. Projected future urban water demand in Acre-Feet/year through 2040 based on expected population growth 
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D.5.2 Projected Agricultural Water Demand 
 
Unlike urban water demand, agricultural water demand is not directly related to population size. 
Instead, agricultural water demand depends on a multitude of variables, including crop type, irrigation 
efficiency, temperature, precipitation, etc. Any combination of these variables would have a different 
impact on agricultural water demand. For this reason, it is very difficult to predict future agricultural 
water demands with accuracy.  
 
There are a few factors that could decrease future agricultural water demand. Regional population 
growth would likely lead to decreased agricultural water demand as agricultural lands are converted for 
urban use. Additionally, increased irrigation efficiency resulting from technological advances would 
further reduce agricultural water demand. These variables and their impacts on agricultural water 
demand are somewhat predictable, however changes in crop type, precipitation, or temperature could 
either increase or decrease future agricultural water demand from year to year.  
 
While some factors may decrease future agricultural water demand, it is more likely that climate change 
will increase agricultural water demand while making water supply more unreliable. The following 
provides a summary of likely climate change impacts on agricultural water demand; however, a more in-
depth discussion is available in Section O – Climate Change.  
 

• Increased temperatures would result in increased evapotranspiration rates and increased crop 
water demand. This, in conjunction with extreme drought periods, would increase the amount 
of applied water needed to support crops.  

• Extreme storm events are also anticipated as a result of climate change. Although heavy rains 
could provide a temporary increase in water supply, it is more likely that large amounts of water 
would be lost from evaporation as timing would be insufficient for crops to utilize it.  

 
Agricultural water use creates the vast majority of water demand within the region. Ensuring that 
adequate supplies exist to meet this demand is a primary objective of this IRWMP. For this reason, 
changes in agricultural water demand as a result of climate change or other factors should be monitored 
closely as part of IRWMP implementation.  
 
 
D.5.3 Predicted Changes to Regional Water Supply 
 
As previously discussed, climate change is anticipated to have significant impacts on regional water 
supply. The following provides a summary of likely climate change impacts on regional water supply; 
however, a more in-depth discussion is available in Section O – Climate Change.  
 

• Reduced snow melt would result in further reduction of water supply during warmer months 
and limit the reliability of water flow from the Tule River and Deer Creek. This would increase 
reliance on groundwater resources, which are already in overdraft to support crops.  

• Extended drought events could create severe water shortages for both agricultural and urban 
water users.  

• Extreme storm events as a result of climate change could bring heavy rains that temporarily 
increase water supply. However, it is likely that large amounts of water would be lost from 
evaporation as timing would be insufficient for groundwater recharge to occur. 
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• Salt water intrusion into the San Joaquin Delta as a result of sea level rise could lead to 
reductions in federally contracted water supplies.  

 
 
D.5.4 Plan to Reduce Dependence on the Sacramento-San Joaquin Delta Supply 
 
As shown in figure D-3, water that is federally contracted from the Sacramento-San Joaquin Delta 
addresses approximately 24% of the region’s total water demand. Decreasing dependence on the delta 
will promote sustainable water use and increase regional and state resilience to climate change impacts. 
Increasing groundwater and local surface water supplies while decreasing water demands will lead to 
decreased dependence on the delta.  
 
 

 
 

Figure D-3: Water supply sources 
 
 
Groundwater supplies can be increased through conjunctive use of local surface and groundwater 
resources. Conjunctive use programs involve the maximum utilization of water resources by using excess 
surface water to replenish groundwater in wet years, which can then be used to supplement water 
supplies in dry years. Increasing groundwater recharge opportunities will increase the Tule Sub basin’s 
safe yield while also reducing dependence on the Sacramento-San Joaquin Delta. Existing policies 
promote IRWMP member districts to preserve and enhance conjunctive use opportunities by developing 
water banking arrangements with other agencies and utilizing available groundwater storage capacity 
during wet years.  
 
While local surface water supplies are mostly dependent on precipitation and snowmelt, there are a few 
ways in which they can be optimized. Increasing surface water storage, particularly during wet years, 
could increase water supply availability and decrease dependence on the delta. One opportunity for this 
is the expansion of Success Reservoir. Success Dam is used to control the flow of the Tule River, which is 
a primary local surface water supply. Increasing the capacity of Success Reservoir could allow for larger 
surface water distributions downstream. Surface water could also be increased using precipitation 
enhancement techniques such as cloud seeding to increase precipitation. This would increase surface 
water supplies while also adding to groundwater recharge.  

Federal 
Water
24%

Local 
Surface 
Water

8%Groundwate
r

68%

REGIONAL WATER SUPPLIES



Tule River Basin Integrated Regional Water Management Plan 
Section D – Water Supply, Demand, and Water Budget 

 
 

March 2019 D-17 

 
Water demand is the component of the water budget that can be most influenced through 
infrastructure and policy. Decreasing water demand would directly decrease dependence on the San 
Joaquin Delta water supply. Major ways to reduce regional water demand could include the installation 
of meters to all water hookups in unincorporated communities and requiring private well owners to 
measure their well production. Presently, water meters are only required for new development projects 
or transfer of ownership. Increasingly efficient water delivery systems as a result of technological 
advances will also reduce regional water demand and dependence on the delta.  
 
It should be said, however, that agriculture makes up a large majority of the region’s total water 
demand, and the region produces far more agriculture than it consumes. The central valley produces 8% 
of the nation’s total agricultural output and accounts for only 0.47% of the nation’s land area. For this 
reason, it is unlikely that the region will be completely self-sufficient with regard to water while it is a 
primary supplier of food for areas outside the region. However, efforts to increase local water supplies 
will be supported.  
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Section E – Goals and Objectives  
 
 
E.1 Introduction 
 
This section identifies the Tule River Basin IRWM Plan’s Vision, Goals, and Objectives. The intent of this 
section is to establish the intent of the Tule River Basin Integrated Regional Water Management Plan 
(IRWMP), and to demonstrate which regional water management issues the IRWMP is designed to 
address.  
 
The IRWMP goals and objectives provide a basis for decision making and are used to evaluate project 
benefits of IRWMP Projects and Programs. The goals and objectives are based on input and from the 
Regional Water Management Group (RWMG), the Deer Creek and Tule River Authority (DCTRA), and other 
Interested Stakeholders. The Goals and Objectives: 
 

• Focus the IRWM Plan  
• Provide a basis for determining the most appropriate resource management strategies for the 

Region  
• Are used to evaluate project benefits  
• Guide development and implementation of IRWM project/program  

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

E.2 Process and Determination of IRWM Plan Goals and Objectives 
 
The goals and objectives for the IRWMP were formulated in the multiple meetings of the Tule River Basin 
IRWMP Stakeholders Advisory Group meetings. These objectives have been ratified by the Board of 
Directors of the Tule River Basin IRWM Governing Board, acting as the lead initial role in preparing the 
Tule River IRWMP, based on further recommendation of its Advisory Committee.  
 
 
 
 

 
IRWM Vision: 

Sustain Agricultural, Urban and 
Ecological Viability through Effective 

Water Management  
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E.2.1 Stakeholder Input: Identifying Critical Water Issues 
 
The Tule River Basin IRWM Advisory Committee met several times to identify key issues that would assist 
in the development of the IRWMP goals and objectives. The Advisory Committee involved in this process 
are those representatives from the public agencies, water districts, communities, and the County within 
the Tule River Basin. The 3 most critical issues identified by the Advisory Committee were: 
 

• Storm water Management 
• Declining groundwater levels 
• Groundwater quality  

 
E.2.2 Consistency with Applicable Resource Documents and Management Plans 
 
With the stakeholder-identified critical water resource issues in mind, the 2017 IRWM Plan utilizes a 
number of resource and guidance documents to develop the Goals and Objectives. Additionally, the IRWM 
Plan considers and/or seeks consistency with the following: 
 

• DWR IRWM Guidelines (July 2016) 
• Groundwater Quality Control Plan for The Tule River Basin (September 2016) 
• Tulare Basin Groundwater Management Plan (July 2012) 
• California Water Action Plan (Updated 2016) 
• California Water Code 

 
The 2016 guidelines specifically require that all IRWM Plans consider overarching goals of the Tule Basin 
Basin Water Quality Coalition Plans, the California Water Code, and those of the state led-documents are 
briefly described below.  
 
DWR IRWM Guidelines (July 2016) 
 
Release of the 2016 IRWM Program Guidelines provided the lead document for the approach and content 
required for the Region’s IRWM Plan. The Guidelines reflect current legislation impacting what should be 
included in, and funded under, IRWM Plans throughout the state of California. The 2016 IRWM Program 
Guidelines discuss specific elements that must be included in an IRWM Plan.  
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Table E-1. How IRWM Plan meets requirements for objectives set by the 2016 DWR IRWM Guidelines. 
 

2016 DWR IRWM Guidelines Requirements for Objectives How the IRWM Plan Addresses the 
Requirement 

IRWM Plan must clearly present Plan Objectives and 
describe the process used to develop the objectives. 

Section E clearly describes the process by which 
IRWMP Objectives were developed. 

Plan objectives must address major water related issues 
and conflicts of the region. 

Section E describes how major water related 
issues and conflicts in the region were identified 

RWMG’s must consider the objectives in the appropriate 
basin plan or plans and strategies to meet applicable 
water quality standards, Water Code  §10541.(e)(2). 

Tables E-2 through E-4 describe how objectives 
in other relevant regional plans were used to 
shape IRWMP projects and programs. 

Objectives must be measurable by some practical means 
so achievement of objectives can be monitored. 

Table E-5 provides the intended qualitative and 
quantitative metrics, as appropriate and 
practical, for each objective. 

Objectives may be prioritized for the Region and must 
contain an explanation of the prioritization or reason why 

objectives are prioritized. 

Section E provides an explanation as to why 
objective prioritization was not utilized in this 
IRWMP. 

Address adapting to changes in the amount, intensity, 
timing, quality and variability of runoff and recharge. 

Objectives 10, 11, and 12 seek to increase 
understanding of regional climate change 
impacts and develop strategies to adapt to these 
impacts.  

Consider the effects of sea level rise (SLR) on water supply 
conditions and identify suitable adaptation measures. 

Objectives 10 and 11 seek to increase 
understanding of climate change impacts and 
develop strategies to adapt to these impacts. 

Reduce energy consumption, especially the energy 
embedded in water use, and ultimately reducing GHG 

emissions. 

Objective 12 seeks to limit GHG emissions 
through implementation of hydroelectric energy 
generation facilities. Objectives 13, 14, 15 seek 
to reduce energy consumption by reducing 
water demand and increasing efficiency of water 
use. 

Consider, where practical, the strategies adopted by 
California Air Resources Board (CARB) in its AB 32 Scoping 
Plan, when evaluating different ways to meet IRWM plan 

objectives. 

Objective 12 seeks to limit GHG emissions 
through implementation of hydroelectric energy 
generation facilities. Objectives 13, 14, 15 seek 
to reduce energy consumption by reducing 
water demand and increasing efficiency of water 
use. 

Consider options for carbon sequestration and using 
renewable energy where such options are integrally tied 

to supporting IRWM Plan objectives. 

Objectives 1 and 2 seek to protect, restore, and 
regenerate aquatic, riparian, and native habitats 
in the region, which would result in increased 
carbon sequestration. Objective 12 seeks to 
increase renewable energy options through 
implementation of hydroelectric energy 
generation facilities. 
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Deer Creek and Tule River Authority Groundwater Management Plan (2012) 
 
The DCTRA Groundwater Management Plan was first established by member agencies of the Deer Creek 
and Tule River Authority (DCTRA) in 1995 to collectively monitor, manage, and implement groundwater 
activities by the participants of the DCTRA. The latest update to the Tule Basin Groundwater Management 
Plan occurred in 2012. The objectives of the 2012 Tule Basin Groundwater Management Plan are: 
 

• To promote and realize groundwater resource protection 
• To facilitate groundwater resource sustainability 
• To develop groundwater resource understanding 
• To develop groundwater basin understanding 
• To promote and facilitate information dissemination regarding the groundwater resource 

 
Table E-2. How IRWMP Meets 2012 Tule Basin Groundwater Management Plan Objectives 
 

2012 Tule Basin Groundwater Management Plan 
Objectives How the IRWM Plan Meets the Objectives 

To promote and realize groundwater resource 
protection 

Objectives 6, 7, 8 and 9 seek to limit groundwater 
contamination.  

To facilitate groundwater resource sustainability 

Objectives 13, 14 and 15 seek to implement strategies 
to reduce water demand and increase water use 
efficiency. These strategies are critical to achieving 
groundwater sustainability.  

To develop groundwater resource understanding 

Objective 14 seeks to increase knowledge and 
understanding of all groundwater related conditions. 

To develop groundwater basin understanding 

To promote and facilitate information dissemination 
regarding the groundwater resource 

 
 
California Water Code 

 
The California Water Code is the primary legislation pertaining to water management in California. 
However, other California legislation relevant to IRWMP guideline compliance were also considered in the 
development of IRWMP goals and objectives. The laws necessary to comply with IRWMP guidelines are 
summarized below and description of how the IRWMP objectives comply with the California Water Code 
is presented in Table E-3.   
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Table E-3. Summary of California Water Codes 
 

20x2020: In February 2008, Governor Schwarzenegger set a goal of a 20 percent reduction in per 
capita urban water use by the year 2020 (20x2020). Actions toward the 20x2020 goal were furthered 
by the passage of Senate Bill SBx7-7 in November 2009, which amended the CWC to contain 
provisions not only to improve urban water use efficiency, but to improve agricultural water use 
efficiency as well.  

California Water Code §10540 (c): In September 2011, the senate passed §10540 (c). §10540 (c) 
states that, at minimum, all IRWM Plans shall address the CWC requirements listed in Table E-4 

AB 685: AB 685 Establishes State Policy that every human being has that right to safe, clean, 
affordable, and accessible water adequate for human consumption, cooking, and sanitary purposes. 

California Water Code §10541: California Water Code §10541 was passed in September 2014 and 
requires that IRWM regions with nitrate, arsenic, perchlorate, or hexavalent chromium 
contamination to include specific information. Additionally, this legislation requires the evaluation of 
the adaptability of water management systems in a region to climate change in all IRWM Plans.  

California Water Code §10562: SB 985 (Pavley, Chapter 555, Statues 2014) – Water Code §10562 – 
requires the development of a stormwater resource plan and compliance with these provisions to 
receive grants for stormwater and dry weather runoff capture projects from a bond act approved by 
voters after January 1, 2014 

AB 1739, SB 1168, SB 1319: AB 1739, SB 1168, and SB 1319 are collectively referred to as the 
Sustainable Groundwater Management Act (SGMA). SGMA allows local agencies to customize 
groundwater sustainability plans to their regional economic and environmental needs. SGMA creates 
a framework for sustainable, local groundwater management by requiring local agencies to establish 
a new governance structure, known as Groundwater Sustainability Agencies, prior to developing 
groundwater sustainability plans for groundwater basins or sub-basins. 

Water Code §10551: SB 208 (Lara, Chapter 675, Statues 2015) – Water Code §10551 – requires a 
Resource Water Management Group (RWMG), within 90 days of notice that a grant has been 
awarded, to provide DWR with a list of projects that benefit a DAC or where the project proponent is 
a nonprofit organization or a DAC. Within 60 days of receiving the project information, DWR is to 
provide advanced payment of 50% of the grant award 

AB 52: AB 52 (Gatto, Chapter 532, Statutes of 2014) – Public Resources Code §21080.3.1 – requires 
the California Environmental Quality Act (CEQA) lead agency to consider project effects on Tribal 
cultural resources and to conduct consultation with California Native American Tribes 

Executive Order B-29-15: Executive Order B-29-15 requires agricultural water suppliers that supply 
water to more than 25,000 acres to include in their required 2015 Agricultural Water Management 
Plans (AWMP) a detailed drought Proposition 1 2016 IRWM Program Guidelines Page 7 management 
plan that describes the actions and measures the supplier will take to manage water demand during 
drought. 
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Table E-4. How RWMP plan addresses applicable California Water Code Requirements. 
 

California Water Code Requirement How the IRWM Plan Addresses the Requirement 

Protection and improvement of water supply 
reliability, including identification of feasible 
agricultural and urban water use efficiency 

strategies. 

Objectives 13, 15, and 15 seek to maintain or improve 
water supply quantity and reliability for all use sectors. 

Identification and consideration of the drinking 
water quality of communities within the area of 

the Plan. 

Objective 6, 7, 8, and 9 seek to maintain and improve 
the water quality of water resources for all uses, 
including drinking water 

Protection and improvement of water quality 
within the area of the Plan consistent with 

relevant basin plan. 

Objectives 6, 7, 8, and 9 seek to protect and improve 
water quality within the IRWM planning area. 

Identification of any significant threats to 
groundwater resources from over drafting. 

Objectives 13, 14, and 15 seek to limit over drafting of 
groundwater resources by increasing water use 
efficiency and increasing public awareness of 
groundwater issues. 

Protection, restoration, and improvement of 
stewardship of aquatic, riparian, and watershed 

resources within the region. 

Objectives 1 and 2 seek to protect, restore, and 
regenerate aquatic, riparian, and native habitats in the 
region. 

Protection of groundwater resources from 
contamination. 

Objectives 6, 7, 8, and 9 seek to protect and improve 
water quality within the IRWM planning area, including 
groundwater. Objective 14 seeks to increase awareness 
of groundwater resource issues, including 
contamination. 

Identification and consideration of water-related 
needs of disadvantaged communities in the area 

within the boundaries of the Plan. 

Objectives 12, 13, and 14 seek to maintain or improve 
water supply quantity and reliability for all use sectors. 

 
 
E.2.3 Regional Priorities  
 
Within the Tule River Basin IRWMP process, short-term priorities, which can be implemented within a 
five-year time frame, have been identified.  These priorities fall into three focused areas. The first of is 
addressing drinking water quality issues throughout the IRWMP area. This includes urban suppliers, rural 
water suppliers and individual rural water systems. The second group priorities fall into the category of 
water supply reliability for agricultural, municipal, and industrial suppliers.  The third category is related 
to improved water management, including stormwater management and optimization of surface water 
systems. These priorities include new control systems, replacement of older and deteriorated distribution 
facilities, recharge basins, pipeline projects, and pumping facilities. 
 
Additional priorities for the five-year term include completing the updates to the Groundwater 
Management Plan of the DCTRA, along with annual updates, further defining the role of urban water 
suppliers utilizing groundwater in the Tule River Basin groundwater management activities and 
completing the update to this IRWMP as contractually will be required by DWR IRWMP approval.  
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Table E-5.  How IRWMP objectives address regional priorities. 

Tule River Basin Regional Priority How IRMP objectives address regional priorities 

Address drinking water quality issues. 
Objectives 6, 7, 8 and 9 seek to maintain and improve water 
quality for all uses, including drinking water. Objective 5 aims 
to better coordinate land use with water quality availability. 

Promote water supply reliability. 

Objectives 13, 14. And 15 seek to balance water supply and 
demand by decreasing water demand and increasing water use 
efficiency. Objective 4 seeks to improve conveyance 
infrastructure. This would promote basin to basin transfers 
which would increase the reliability of water supply. Objective 
15 specifically seeks to encourage basin to basin transfers. 

Improve and update infrastructure. Objective 4 seeks to improve diversion and conveyance 
infrastructure. 

Improve stakeholder coordination and 
communication. 

Objectives 3, 7, 8, and14 seek to improve communication 
between water managers and land use planners, water users, 
and tribal communities. 

Update DCTRA groundwater management 
plan. 

Objective 14 seeks to increase knowledge regarding 
groundwater management. This includes updating the DCTRA 
Groundwater Management Plan. 

E.3 Adopting the IRWM Goals and Objectives

The adoption of the IRWM Objectives was done in a manner to ensure adequate consideration of the 
diverse regional water management issues had by multiple stakeholder groups. The steps taken to adopt 
the final IRWMP Objectives were as follows:

1. Identify primary water resources issues through stakeholder advisory group meetings
2. Compare stakeholder-identified water issues to the various requirements listed above.
3. Draft IRWMP Goals to address identified water resource issues
4. Develop Objectives intended to achieve Goals
5. Submit to the Governing Board for Ratification
6. Revise draft IRWM Goals and Objectives after consideration of comments received
7. Submit final draft IRWM Goals and Objectives to RWMG for review and approval
8. The Final Goals and Objectives of the 2018 IRWMP were approved.
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E.4 IRWM Goals and Objectives 
 
 
 
    
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure E-1. IRWM Vision, Goals, and Objectives 

 
 

Sustain Agricultural, 
Urban, and Ecological 

Viability through 
Effective Water 
Management

Maintain or Improve 
the Health of 

Ecosystems within 
the Region

1. Conserve, Enhance and Regenerate Riparian Habitats

2. Conserve and Restore Native Species and Related 
Habitats

3. Protect Water Resources that are critical to Native 
American Tribal Communities

Protection of Life, 
Structure, 

Equipment, and 
Property from 

Flooding

4. Evaluate and Modify Water Diversion and Conveyance 
Infrastructure

5. Protect and Improve Water Resources through Land 
Use Practices

Reduction of 
Contamination of 

Surface and 
Groundwater 

Resources

6. Meet Applicable Regional Water Quality Control Board 
Basin Plan Objectives

7. Management of Recreational Activities to Minimize 
Impacts on Water Resources

8. Promote City, Community and Regional Storm Water 
Management Plans

9. Evaluate and promote strategies to reduce arsenic, 
nitrate, and perchlorate contamination to levels below 
maximum contaminant level

Expand Regional 
Response to Climate 

Change through 
Mitigation and 

Adaption Strategies

10. Increase Monitoring and Promote Research Programs 
to Better Understand the Effects of Climate Change on 
Ecosystems in the Region

11. Plan for Potential Regional Impacts of Climate Change 
on Water Quantity and Quality

12. Identify and Promote Strategies for Hydroelectric 
Generation Facilities

Work toward 
Achievement of 

Sustainable Balanced 
Surface and 

Groundwater 
Supplies

13. Optimize Efficient Use, Conservation and Recycling of 
Water Resources

14. Increase Knowledge Regarding Groundwater Related 
Conditions and Establish Groundwater Management 
Practices

15. Reduce Impacts and Optimize Benefits from Assisting 
Other Drought-Related Areas with Basin-to Basin 
Transfers of water

Vision 

Goals Objectives 



Tule River Basin Integrated Regional Water Management Plan 
Section E – Goals and Objectives 

 
 

March 2019 E-9 

E.4.1 Maintain or Improve the Health of Ecosystems within the Region 
 

1. Conserve, Enhance and Regenerate Riparian Habitats 
 

The Work Plan documents related to both the Habitat Conservation Plan and the National 
Communities Conservation Plan and the Natural Communities Conservation Plan have yet to be 
developed, but are a long-term priority of DCTRA given the need to develop projects to address 
groundwater management, promote carbon sequestration and mitigate the effects of settlement 
of litigation related to San Joaquin River Restoration.  
 
2. Conserve and Restore Native Species and Related Habitats 

 
The established Recharge Basin objectives have three (3) principal components. These 
components build upon chosen property characteristics of being in the Tule River corridor, on 
soils with above-average to outstanding percolation characteristics and capable of diverting water 
from and returning water to the River or one of its distributaries. The components consist of the 
site functioning as a groundwater recharge site, a flood impact reduction site and a habitat 
restoration location. The flood impact reduction function is not limited to urban and/or 
transportation facility flood/flood damage reduction capabilities, but extends to agricultural 
lands. Protection of permanent crops and maintenance of the soil mantle are the primary 
objectives in this case.  
 
3. Protect Water Resources that are critical to Native American Tribal Communities 
 
Water resources have significant cultural, spiritual, and economic significance to Tribal 
communities. Although the Tule River Reservation is located outside of the IRWMP boundary, a 
dialogue exists between the DCTRA member districts and the Tule River Tribe to prevent or 
mitigate the distribution of these important resources. It is an objective of the IRWMP to protect 
water resources that are critical to Native American Tribal Communities, and to encourage open 
communication between Tribal communities and other stakeholder groups to find effective water 
management solutions. The CEQA process supports this objective by requiring a cultural resource 
analysis prior to project implementation. This process will act as a screening process during 
project approval.   

 
 
E.4.2 Protection of Life, Structure, Equipment and Property from Flooding 
 
While devastating flooding, as experienced in 1955, has a potential to be significantly reduced as the result 
of construction of both Success Dam and the groundwater recharge basins of DCTRA and individual 
member agencies within the IRWM boundary, the potential for flooding still exists. Issues related to 
flooding are damage to infrastructure, equipment and property from flood flows from uncontrolled 
channels such as Frasier Creek and Deer Creek and land and habitat alteration associated with those flood 
flows. While outside of the IRWM boundary, projects designed and managed to provide flood control for 
downstream landowners extending into the historic Tulare Lake bed, are of significance. Planning is again 
underway to address the modification of Success Dam to address improved downstream flood protection.  
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4. Evaluate and Modify Water Diversion and Conveyance Infrastructure 
 
Many of the member agencies of the DCTRA utilize natural channels for water supply conveyance 
and distribution purposes. Several of the member units, such as the LTRID and the Pixley Irrigation 
District have undertaken significant distribution system improvements over the last several years. 
The Porterville Irrigation District has recently completed a system expansion study and is in the 
process of preparing to undertake expansion related projects. It is an objective of this IRWMP to 
continue to seek out and implement such evaluation and improvement opportunities.  

 
5. Protect and Improve Water Resources through Land Use Practices 
 
The nexus between land use planning, land use practices and water management, particularly 
with respect to water quality, is evident within the Tule River Basin. The issues of surface and 
groundwater contamination, flooding, groundwater overdraft, habitat alteration and erosion are 
all issues related directly to land use and land use planning. Pursuit of the objective to protect and 
improve water resources such as flows of the Tule River, sustaining historic levels of importation 
of Friant Division, CVP supplies, storm water and flood waters management, actions contrary to 
maintenance of the quality of ground and surface waters and decisions related to the location of 
housing stock are all of paramount importance. Improved land use practices, maintenance and 
enhancement of riparian habitats and farm practices and urban runoff practices which seek to 
minimize sedimentation associated with erosion, are elevated objectives. Sound land use 
planning which avoids placement of households and locations where the drinking water supply is 
known to be marginal with respect to quantity or non-compliant with State and Federal drinking 
water standards is being highlighted as a practice which needs improvement and more diligent 
implementation. Likewise, sound land use planning involves proper placement of industrial and 
commercial land uses that recognizes that improper placement could jeopardize the viability of a 
currently compliant and viable water supply. In pursuit of this objective, land use planning policies 
have been developed and included in the recently completed Tulare County Disadvantaged 
Communities Study, an effort covering the counties of Fresno, Kings, Kern and Tulare. The report 
effort has been supported by significant citizen input including individuals in both elected and 
appointed positions involving significant interface with land use policy development and 
enforcement.  

 
E.4.3 Reduction of Contamination of Surface and Groundwater Resources 
 
Reducing contaminants throughout the Tule River Basin will depend on improved methods of materials 
application and use of pesticides and herbicides, improved treatment and reuse of domestic and industrial 
wastewater from POTW systems and land use and development practices that incorporate Best 
Management Practices to deal with issues such as disposal of wastes from septic tank treatment systems 
and urban and roadside runoff. Member agencies of DCTRA are participants in the Southern San Joaquin 
Valley Water Quality Coalition and the Tule Basin Water Quality Coalition. The principal purpose of said 
Coalitions is to identify and either reduce below a harmful level or eliminate sources of contamination 
which jeopardize beneficial uses of both surface water and groundwater resources.  
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6. Meet Applicable Regional Water Quality Control Board Basin Plan Objectives 
 
The numeric standards and the narrative objectives contained in the Basin Plan for the Tulare 
Lake Basin are currently accorded significant status in project planning within the Tule River Basin. 
While all surface water directly diverted from the Tule River is diverted for beneficial purposes for 
either agricultural purposes or groundwater recharge, water quality parameters meeting 
beneficial use criteria are sought to be protected and enhanced by the water management 
planning activities conducted within the Tule River Basin. Improving and maintaining surface 
water quality requires coordination with procedures ongoing pursuant to the Irrigated Lands 
Regulatory Program of the Regional Water Quality Control Board and the implementation of Best 
Management Practices, both as they relate to irrigation related discharges and urban and County 
and State roadway systems related discharges. In addition, coordination with the County of Tulare 
and the City of Porterville with respect to solid waste management is necessary in order to satisfy 
Basin Plan standards and objectives. 
 
7. Management of Recreational Activities to Minimize Impacts on Water Resources 
 
Recent water quality testing has demonstrated frequent, elevated and increasing occurrence of 
coliform contamination within the surface waters arriving at and coursing through the waterways 
within the IRWM planning area. While not of historic priority relative to planning activities, 
increased emphasis by regulatory agencies regarding coliform contamination is elevating the 
need to begin to address human related impacts, such as those related to recreation, on surface 
water quality. It is anticipated that future efforts related to this objective will focus on education. 
To this end, this topic has been added to the current educational outreach topics of the DCTRA.  
 
8. Promote City, Community and Regional Storm Water Management Plans 
 
In cooperation with the Tulare County Flood Control District and the incorporated City of 
Porterville, the DCTRA has as its objective the promotion of the creation and implementation of 
adequate storm water management plans. Directing agricultural, roadside and urban generated 
storm water flows to beneficial uses is an objective of this IRWMP. Planning related to evaluation 
of the impacts of pollutants carried with the storm waters is of ever increasing concern, 
particularly with respect to the potential beneficial use of the diversion of these waters for 
agricultural irrigation and also with regard to the impacts of the pollution on groundwater quality. 
It is an objective of this IRWMP to seek out reliable, cost-effective and pollution-reducing actions. 
The member agencies of DCTRA have assisted in the preparation of several stormwater 
management plans. In particular, the LTRID has contracted to receive waters from Strathmore 
and Frazier Creeks and properly manage the disposal of said waters utilizing both existing system 
elements and new additions.  
 
9. Evaluate and promote strategies to reduce arsenic, nitrate, and perchlorate contamination 

to levels below maximum contaminant level 
 
Arsenic, nitrate, and perchlorate contamination can have a wide variety of negative impacts on 
ecosystems and human health. There are areas within the IRWMP region that have unsafe 
drinking water as a result of these chemicals. It is the objective of the IRWMP to reduce the 
presence of these harmful contaminants in water resources to safe levels. Arsenic, nitrate, and 
perchlorate contamination is discussed further in Section C- Region Description. 
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Arsenic contamination is a serious threat to public health. The Pixley Public Utility District 
reported arsenic levels that exceed the maximum contaminant levels, however arsenic pollution 
in this area is due to natural arsenic deposits, which become soluble because of the area’s soil 
chemistry. Arsenic levels in the district have declined as well treatment programs were 
established. Arsenic levels will continue to be reduced through monitoring and well treatment 
programs.  
 
Nitrate can pose risk to ecological and human health. Nitrate contamination in the district is most 
likely due to agricultural runoff. Nitrate levels have remained under the maximum contaminant 
threshold, however nitrate levels will continue to be limited through public education and 
mandatory applied nitrate reporting programs.   
 
Perchlorate was detected at levels exceeding the maximum contaminate threshold within the 
IRWMP region prior to 2012, however perchlorate levels have remained under the maximum 
contaminant threshold from 2012 to 2017. Perchlorate contamination is caused by perchlorate 
salts used industrial and military applications and can lead to a variety of human health problems. 
Perchlorate levels will continue to be reduced through existing public education programs and 
state water quality legislation.  

 
E.4.4 Expand Regional Response to Climate Change through Mitigation and Adaption Strategies 
 
Climate change is predicted to have numerous impacts on water quality and availability both regionally 
and state-wide. Regional impacts include irregular water supply, reduced groundwater recharge, and 
increased runoff, erosion and flooding. State impacts include these, as well as sea level rise and saltwater 
intrusion. The magnitude of impact on the region as a result of climate change impacts is not known at 
this time. Although this IRWM plan attempts to address the most apparent climate change impacts, it is 
likely that mitigation and adaption strategies will need to be altered as new information becomes 
available. It is the objective of the IRWMP to facilitate adaptive management so that the region is prepared 
to handle both the foreseeable and unforeseeable impacts of climate change. (Climate Change impacts, 
along with potential mitigation and adaption strategies, are discussed in greater detail in Section O – 
Climate Change.)  
 

10. Increase Monitoring and Promote Research Programs to Better Understand the Effects of 
Climate Change on Ecosystems in the Region 

Although there has been significant research regarding the impacts of climate change globally and 
in specific areas, the impacts of climate change on ecosystems within the IRWM planning area is 
still unknown. Water managers play a critical role in limiting the severity of these impacts by 
developing projects and programs to increase ecosystem resiliency in response to climate change. 
It is the continuing objective of the DCTRA to increase knowledge regarding the impacts of climate 
change to ecosystems in the region in order to develop effective projects and programs to 
increase ecosystem resiliency.  
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11. Plan for Potential Regional Impacts of Climate Change on Water Quantity and Quality 

Climate is expected to have increasingly severe impacts on the quality and availability of water 
resources. Continuous evaluation and response to these impacts is essential to maintain the 
region’s urban and agricultural viability. It is the objective of the DCTRA to continuously evaluate 
changes in water quality and availability as a result of climate change and to develop projects and 
programs to respond to these impacts.  

 
12. Identify and Promote Strategies for Hydroelectric Generation Facilities 
 
The DCTRA aims to encourage renewable energy by promoting hydroelectric generation facilities. 
Hydroelectric generation facilities provide clean renewable energy which is able to offset GHG 
emissions that would have been produced through other means of power generation. 
Implementation of Hydroelectric Generation Facilities would reduce regional GHG emissions 
associated with energy production and is consistent with AB 32 Scoping Plan strategies. The Lower 
Tule River Irrigation District a member agency of DCTRA, has developed a 1.4 KW hydroelectric 
generating plant at Success Reservoir. Developed in 1989, the plant is identified as SPP1. The 
hydroelectric facility runs on the irrigation release schedules, generating electrical power based 
on the flow and head characteristics occurring on any given day. LTRID, as both an IRWM objective 
and as a partner in DCTRA, will continue to explore opportunities to enhance the production of 
hydroelectric power while protecting the beneficial use of the water employed in generating such 
power. In addition, to the extent possible, DCTRA members look to optimize power production 
through development of an enlarged Success Reservoir. It will be a continuing objective of DCTRA, 
through the implementation of the objectives contained in this IRWMP, to continue to seek those 
opportunities.  
 

E.4.5 Work toward Achievement of Sustainable Balanced Surface and Groundwater Supplies 
 
The issues of watershed conditions, water storage, water diversion, water delivery infrastructure and 
groundwater maintenance need to be addressed. As water demands are continuously evaluated, the need 
to augment naturally occurring groundwater recharge is evident and therefore additional water recharge 
capacity will be needed to meet future water demands. Existing diversion methodologies and delivery 
infrastructure will need to be as efficient as possible and balanced with conservation and recycling 
opportunities. Groundwater, the principal source of water supply for the entire Tule River Basin, is 
increasingly being pumped to meet agricultural, municipal and industrial demands. Included in this 
extraction process is that supply necessary to meet rural needs, both community and individual. 
Therefore, groundwater resources must be managed to ensure sustainability which is the expression of 
balance between extraction and recharge. As a significant step in the pursuit of this objective, the DCTRA 
has developed and implemented a groundwater management plan which is SB1938 compliant.  

 
13. Optimize Efficient Use, Conservation and Recycling of Water Resources 
 
Supporting efficient water use both increases water availability and reduces GHG emissions by 
reducing energy consumption associated with groundwater extraction. Based on its founding 
purposes, DCTRA has sought to implement policies, procedures, and projects that optimize 
efficient use of available water resources. Conservation measures include education and regular 
groundwater recharge procedures.  With respect to recycling, the DCTRA will continue to pursue 
projects and programs which encourage recycling of both treated effluent and urban storm water 
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related flow sources. Techniques such as stormwater capture, water recycling, and reuse both 
increase regional water supply and are strategies to reduce GHG emissions consistent with the AB 
32 Scoping Plan. For example, agencies within the IRWM boundary fully recycle treated 
wastewater effluent, thus reducing extraction of groundwater in storage to meet crop demand 
requirements.  
 
14. Increase Knowledge Regarding Groundwater Related Conditions and Establish 

Groundwater Management Practices 
 
The DCTRA has an adopted Groundwater Management Plan (GWMP). Both the KDWCD and the 
Tule River Basin have developed numeric groundwater models designed to offer a tool for 
management of water resources within each basin, to evaluate boundary conditions between the 
two (2) watersheds and to allow for specific impact analysis of proposed developments within the 
IRWMP boundary. It is an objective of DCTRA to work with its IRWM partners to further enhance 
understanding of groundwater and to further develop the tools necessary to improve that 
knowledge base. Ongoing activities with the City of Porterville and discussions with serving 
utilities for several unincorporated communities are examples of opportunities to further 
enhance the groundwater modeling within the area, often specific to the land use and water 
planning efforts of IRWM partners. It is an objective of DCTRA to maintain the Tule River Basin 
numeric groundwater model, its related database and to share same with water management 
partners within the Tule River Basin for the benefit of the groundwater resource.  

 
15. Reduce Impacts and Optimize Benefits from Assisting Other Drought-Related Areas with 

Basin-to Basin Transfers of water 
 
DCTRA member agencies which are signatory to the Tule River Association organization 
Agreement implement an unwritten policy related to impact reduction resulting from out-of-
basin water transfers. While it is the policy of the Board of Directors of TRA to assist other areas 
in need during times of extended drought, the member units examine transfers from the 
perspective of mitigation of impacts related to water transfers to out-of-basin entities. Adherence 
to this procedure and ensuring that adequate facilities exist to accept return transfers in above-
normal and wet conditions is and remains an objective of this IRWMP. In the prior year of extreme 
drought, dry-year transfers of water were facilitated by DCTRA member agencies. This program 
benefited several Friant Division, CVP contract entities with a dry-year supplemental supply and 
will allow for the return of a multiple of the exchanged supply in future years, providing a 
supplemental benefit to the groundwater reservoir.  
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E.4.6 Goals and Objectives Metrics 
 
 

Table E-6. Quantitative and qualitative metrics to assess IRWMP objectives. 
 

Objectives Qualitative Measurement Quantitative Measurements 

1. Conserve, Enhance and 
Regenerate Riparian 
Habitats 

 

Increasing number of acres 
preserved for ecosystem 
restoration and/or 
preservation. 
Increasing number of acres of 
healthy or improved natural 
recharge areas associated with 
riparian corridors. 

2. Conserve and Restore 
Native Species and Related 
Habitats 

 

Increasing number of acres 
preserved or restored for native 
species and their related 
habitats 

3. Protect Water Resources 
that are critical to Native 
American Tribal 
Communities 

Decreasing number of 
comments or complaints from 
tribal communities regarding 
loss, or potential loss, of quality 
or quantity of their water 
supplies. 

 

4. Evaluate and Modify Water 
Diversion and Conveyance 
Infrastructure 

Increasing improvement in 
existing water diversion and 
conveyance infrastructure 

Increasing number of studies to 
evaluate functionality and 
sustainability of existing water 
diversion and conveyance 
infrastructure. 
 
Increasing number of miles of 
water diversion and conveyance 
infrastructure 

5. Protect and Improve Water 
Resources through Land 
Use Practices 

Increasing level of management 
over land use practices to 
prevent impacts to water 
resources. 

 

6. Meet Applicable Regional 
Water Quality Control 
Board Basin Plan 
Objectives 

Increase in the overall level of 
management and governance 
through adopted Basin 
Management Plans. 

Increasing number of projects 
consistent with adopted 
Groundwater Management Plan 
Basin Management Objectives 
(BMOs) for the improvement of 
the health of a groundwater 
basin. 
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Objectives Qualitative Measurement Quantitative Measurements 
7. Management of 

Recreational Activities to 
Minimize Impacts on Water 
Resources 

Increasing number of programs 
with the intent to minimize 
recreation related water 
resource impacts 

 

8. Promote City, Community 
and Regional Storm Water 
Management Plans 

 

Decrease the number of 
communities without a Storm 
Water Management Plan 
(Objective = 0) 

9. Evaluate and promote 
strategies to reduce 
arsenic, nitrate, and 
perchlorate contamination 
to levels below maximum 
contaminant level 

 Decreasing arsenic, nitrate, and 
perchlorate levels. 

10. Increase Monitoring and 
Promote Research 
Programs to Better 
Understand the Effects of 
Climate Change on 
Ecosystems in the Region 

Increasing number of 
projects/programs to 
study/monitor the effects of 
climate change on ecosystems 
in the region 

 

11. Plan for Potential Regional 
Impacts of Climate Change 
on Water Quantity and 
Quality 

Increasing number of 
projects/programs intended to 
increase regional resiliency with 
regard to climate change 
impacts on water quantity and 
water quality 

 

12. Identify and Promote 
Strategies for Hydroelectric 
Generation Facilities 

 
Increase the number of 
Hydroelectric generation 
facilities within the Region 

13. Optimize Efficient Use, 
Conservation and Recycling 
of Water Resources 

Increase number of 
projects/programs related to 
water conservation and 
recycling 

 

14. Increase Knowledge 
Regarding Groundwater 
Related Conditions and 
Establish Groundwater 
Management Practices 

Existence of public education 
programs for groundwater 
management efforts to 
promote them 

 

15. Reduce Impacts and 
Optimize Benefits from 
Assisting Other Drought-
Related Areas with Basin-to 
Basin Transfers of water 

Existence of adequate facilities 
to give and accept basin-to-
basin transfers of water. 
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E.5 Prioritization of IRWM Goals and Objectives 
 
The objectives have not been established in any priority sequence, as flexibility has been demonstrated 
to exist between these items and issues based on either acknowledged current need for specific 
implementation of an element or a unique opportunity existing related to a particular objective such as 
a partnership opportunity or funding opportunity.  
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Section F – Resource Management Strategies  
 
 
F.1 Introduction 
 
A variety of Resource Management Strategies (RMS) are provided by the California Water Plan to help 
local agencies and governments manage their water resources. RMS should be selected based on regional 
needs, project objectives, and cohesivity with existing water systems. RMS are grouped into 8 
management objectives.  
 

1. Reduce Water Demand 
2. Improve Flood Management 
3. Improve Operational Efficiency and Transfers 
4. Increase Water Supply 
5. Improve Water Quality 
6. Practice Resource Stewardship 
7. Other 

 
In Compliance with the 2016 IRWMP Guidelines, this section will discuss a range of RMS considered to 
meet the IRWM objectives and identify the process in which RMS were incorporated into the IRWM Plan. 
Additionally, the effects of climate change will be assessed in consideration of RMS. 
 
 
F.2 Resource Management Strategies 
  
The 2013 California Water Plan Update describes 32 different RMS. It is not anticipated that all strategies 
are applicable to every region of the State, but encouragement is given to foster and implement as many 
strategies as practical to diversify water management efforts. This section evaluates all 32 strategies 
contained in the 2013 California Water Plan Update and considers the following: 
 

1. Description of the RMS 
2. Discussion of the current applicability to the Tule River Basin 
3. Evaluation of the current use of the strategies to the Tule River Basin 
4. Discussion of constraints to implementation or constraints to enhancement 
5. Discussion of potential impacts of climate change on the strategy 
6. Ability of the strategy to help adapt to climate change impacts.  
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F.2.1 Agricultural Water Use Efficiency 
 
The agricultural water use efficiency strategy aims to use scientific processes to reduce agricultural water 
demand while maintaining or increasing total agricultural output. Agricultural water use efficiency is 
expressed in terms of crop yield for a given unit amount of water. As mentioned in previous sections, 
agriculture accounts for a large majority of total water use within the IRWMP region. As such, this resource 
management strategy is highly applicable to water management in the region. The 2009 California Water 
Plan Update lists 16 Efficient Water Management Practices (EWMPs). These are as follows: 
 
Critical EWMPs  

 
1. Measure the volume of water delivered to customers with sufficient accuracy to comply with 

subdivision (a) of California Water Code Section 531.10 and to implement EWMP #2.  
2. Adopt a pricing structure for water customers based at least in part on quantity delivered.  

 
Other EWMPs  

 
3. Facilitate alternative land use for lands with exceptionally high-water duties or whose irrigation 

contributes to significant problems including drainage.  
4. Facilitate use of available recycled water that otherwise would not be used beneficially, meet all 

health and safety criteria, and do not harm crops or soils.  
5. Facilitate the financing of capital improvements for on-farm irrigation systems.  
6. Implement an incentive pricing structure that promotes one or more of the following goals:  

• More efficient water use at the farm level.  
• Conjunctive use of groundwater.  
• Appropriate increase of groundwater recharge.  
• Reduction in problem drainage.  
• Improved management of environmental resources.  
• Effective management of all water sources throughout the year by adjusting seasonal 

pricing structures based on current conditions.  
7. Expand line or pipe distribution systems, and construct regulatory reservoirs to increase 

distribution system flexibility and capacity, decrease maintenance, and reduce seepage.  
8. Increase flexibility in water ordering by, and delivery to, water customers within operational 

limits.  
9. Construct and operate supplier spill and tailwater recovery systems.  
10. Increase planned conjunctive use of surface water and groundwater within the supplier service 

area.  
11. Automate canal control structures.  
12. Facilitate or promote customer pump testing and evaluation.  
13. Designate a water conservation coordinator who will develop and implement the water 

management plan and prepare progress reports.  
14. Provide for the availability of water management services to water users. These services may 

include, but are not limited to, all of the following:  
• On-farm irrigation and drainage system evaluations.  
• Normal year and real-time irrigation scheduling and crop evapotranspiration information. 

o Surface water, groundwater, and drainage water quantity and quality data.  
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• Agricultural water management educational programs and materials for farmers, staff, 
and the public.  

15. Evaluate the policies of agencies that provide the supplier with water to identify the potential for 
institutional changes to allow more flexible water deliveries and storage.  

16. Evaluate and improve the efficiencies of the supplier’s pumps. 
 
Most of these EWMPs are employed throughout the Tule River Basin. For example, where conveyance 
system piping occurs, it is often within an area converted to urban use where impact fees have been paid 
allowing for construction of an offsetting recharge area. In some areas where piping has been employed, 
the piping is actually laid in the prior open channel section. Only dry-year supplies are conveyed through 
the pipeline system, whereas normal and above-normal year supplies are still conveyed in the open 
channel sections, thus allowing for groundwater recharge to occur. For some of the EWMPs, 
implementation is on a Basin-wide basis. These include water management services to water users 
wherein on-farm advice is made available to growers in the entire region. 
 
Likewise, several entities within the Tule River Basin are signatory to the Memorandum of Understanding 
of the Agricultural Water Management Council. Said organization is a non-profit that promotes 
improvements in agricultural water efficiency and provides technical assistance in the preparation of plans 
which detail implementing policies, outlines the methods by which assistance is provided and documents 
efforts to implement the goals associated with EWMPs. 
 
For those areas which have surface water supply service through a contractor from the Friant Division, 
CVP, Water Management Plans meeting the requirements of the U.S. Bureau of Reclamation and the 
Agricultural Water Management Council have been prepared. Annual reports and 5-year updates to these 
plans are required by the repayment contracts associated with the allocation of CVP Project Water. 
 
The majority of the water supply entities within the Tule River Basin are public in nature, thus greatly 
reducing obstacles to EWMP implementation. However,  funding of efficiency related projects is often an 
obstacle. Local conditions such as topography, micro-climates and flood control channel maintenance 
issues also impede implementation of EWMPs. 
 
Elevated temperatures and irregular precipitation patterns resulting from climate change hasten the need 
for strategies targeted towards agricultural water use efficiency. Temperature is highly correlated with 
evapotranspiration, and increasing temperatures will lead to increased agricultural water demand. 
Increasing temperatures will also lead to a reduction in snowpack, California’s largest “reservoir.” 
Agricultural water use efficiency strategies will improve the region’s ability to adapt to these changes.  
 
Although agricultural water use efficiency projects are critical to the region’s ability to adapt to climate 
change, implementation of these projects may result in a temporary increase in GHG emissions. This 
would be offset in time, as the reduction in water demand would reduce energy use related to water 
infrastructure systems.  
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F.2.2 Urban Water Use Efficiency 
 

Principal to urban water use efficiency is the issue of behavioral improvements that lead to the decrease 
of indoor and outdoor residential, commercial, industrial and institutional water use. To a lesser degree, 
unlike agricultural water use efficiency, technological improvements are readily employed as only cash 
expenditures are required to be made, in lieu of modification of behavioral patterns. Best management 
practices (BMPs) or demand management measures (DMMs) are the measures typically set forth by 
regulatory and advisory authorities with the more common practices and measures being as follows: 
 
 

1. Water use survey programs; 
2. Residential plumbing retrofits; 
3. Water system audits; 
4. Water metering; 
5. Large landscape conservation programs; 
6. Clothes washing machine rebate programs; 
7. Public information programs; 
8. School educational programs; 
9. Conservation programs for non-residential users; 
10. Wholesale agency assistance programs; 
11. Inverse tiered conservation pricing procedures; 
12. Availability of Conservation Coordinator; 
13. Water waste prohibition ordinances; and 
14. Reduced-flow water closet replacement. 

 
Most of these BMPs and DMMs are in place within the Tule River Basin. The level of implementation and 
the practice varies, however, based principally on the implementing agency. The City of Porterville has 
extensive urban water conservation goals, policies and programs, well funded and properly administered. 
New conservation measures are constantly being examined and some, as demonstrated in current 
drought conditions, implemented with relative ease. 
 
State legislation, in the form of SBx7-7, also known as the Water Conservation Act of 2009, established a 
goal of reducing per-capita water use of 20 percent by 2020. That goal has been required to be met earlier 
by an implementing executive order related to the current drought situation, implemented principally by 
actions to require mandatory reduction in outside watering. Where landscape conversions are taking 
place in order to reduce consumption, most have the capability of being accomplished on a permanent 
basis which could result in a long-term reduction in water demand. Obstacles to implementation of urban 
efficiency measures include a lack public acceptance, inadequate public funding, and improperly 
structured water meter rates. 
 
The relationship between climate change and urban water use efficiency is similar to that of climate 
change and agricultural water use efficiency. Increased temperatures will increase evapotranspiration, 
which will increase the amount of water demand for landscaping. Irregular precipitation will make water 
resources less dependable. Improving urban water use efficiency will increase the region’s ability to adapt 
to these changes. 
 
As with agricultural water use efficiency projects, urban water use efficiency projects would likely result 
in a temporary increase in GHG emissions as a result of project construction. However, this would 
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eventually be offset as the reduction in water demand would lead to reduced energy use related to water 
infrastructure systems.  
  
 
F.2.3 Crop Idling for Water Transfers 
 
Crop idling is practiced within some private stock ditch companies within the IRWM boundaries. In some 
cases, public agencies allow growers to fallow land for a season and transfer water to another grower 
within the same entity boundaries. Crop idling is typically an extreme measure within the Tule River Basin 
in response principally to drought conditions. As such, it does not exist on a large scale basis. As previously 
referenced under the transfers discussion of this chapter, procedures and agreements are already in place 
to deal with the transfer of entitlement generated from crop idling (single-year land retirement) related 
activities. It is acknowledge that there are a number of social and economic impacts associated with crop 
idling which have not been significant, to date, on the limited basis for which these retirement procedures 
have occurred. Expanding such activities to a larger basis will require examination of the social and 
economic impacts to determine if they must be addressed in the future. 
 
 
F.2.4 Irrigated Land Retirement 
 
The U.S. Bureau of Reclamation, in conjunction with the Bureau of Land Management has retired a 
significant number of acres in the southwest portion of Tulare County, outside the boundaries of the 
IRWM. No such land retirement steps have been taken within the IRWM boundaries, nor are there any 
currently under discussion. As drainage impaired lands do not exist within the IRWM Planning Area, 
funding for such land retirement steps does not currently exist.  
 
As the objective of irrigated land retirement is the removal of farm land from irrigated agricultural 
production to provide water supplies elsewhere, or to take unproductive land out of production, 
examination has to be made of the value of the lands within the IRWM boundaries for the productive 
differential between lands within the boundaries as compared to other lands where the water supply 
resulting from land retirement would be made available. As the lands within the IRWM boundaries are all 
high-value, high-soil class and microclimate lands, it is unlikely that lands within the Tule River Basin would 
be a replacement target for lands external to the subject boundaries. As some of the most significant 
agricultural land in the world exists within the IRWM boundaries and as the gross farm gate receipts are 
reflective of one of the top counties in the nation, it is not likely that the area will be the subject target 
for this program in the short-term or long-term. The land parcels which have been identified to be 
marginal with respect to agricultural production have been the primary targets for acquisition for 
groundwater recharge areas. As previously noted, the opportunities for purchase of these types of land 
to enhance the groundwater recharge basin inventory have significantly diminished over time. As the 
opportunity nonetheless exists for retirement potential, this strategy has not been determined to be not 
applicable. It will remain on the “watch” list for future policy examination efforts related to the IRWM 
Plan. 
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F.2.5 Conveyance – Delta 
 
Conveyance through the Sacramento-San Joaquin Rivers Delta includes the management, movement and 
diversion of water from that area. Approximately 5,309 acre-feet of Delta-base supply is applicable to the 
County of Tulare, with 100 acre-feet being contracted for by the Saucelito Irrigation District and 45 acre-
feet by Styro-Tek. Four hundred acre-feet is also contracted for delivery by the Strathmore Public Utility 
District. This contract supply is not currently being employed for other than groundwater recharge 
purposes and thus a significant reliance on Delta related diversions only exists within the Tule River Basin 
by Friant Division, CVP contractors. The majority of the supply coming into the Tule River Basin which is 
of a Friant Division, CVP nature, is split between Class 1 and Class 2 supply, with the Class 2 supply 
principally from Purchased Water Contract supplies from the natural flows of the San Joaquin River, not 
connected with diversions from the Delta. 

 
 
F.2.6 Conveyance – Regional/Local 
 
Conveyance is that action to move water from its source to areas of need. Conveyance within the Tule 
River Basin consists principally of utilization of natural channels and earthen constructed facilities, many 
of which incorporate significant elements of historic natural channels. At the district and ditch company 
level, constructed facilities, such as diversion facilities and canals, exist with, as previously noted, limited 
employment of pipelines and pumping facilities. These conveyance facilities range in size from larger 
systems employing relatively high capacity earthen channels to small, local, end-user distribution systems 
that deliver water to specific landowners/growers. Urban related deliveries are only those associated with 
groundwater recharge with two surface water treatment facilities existing within the Planning Area 
serving Strathmore and Terra Bella. For the most part, larger conveyance systems utilized for delivery of 
agricultural supplies are also facilities utilized for flood control purposes and management and 
maintenance activities are principally oriented toward the flood control aspect. As a result, only during 
times of high Tule River releases from Success Reservoir are these facilities inadequate to 
convey water to areas for distribution for use and/or recharge and few problems exist distributing 
available volumes to meet peak summer demands. 
 
The same systems are utilized to convey storm waters during the winter periods and coordination efforts 
must be employed to ensure proper conveyance and disposal of storm water related flows, along with 
Tule River entitlement flows mandated to be released from Success Reservoir for flood control purposes. 
Based on the fact that improved automation and controls can increase operational flexibility, some steps 
have been made to begin to automate controls on the Tule River system and further, telemetry systems 
to monitor diversions to ensure that any losses associated with spills are reduced to as close to a zero 
level as possible. 
 
Climate change may affect this paradigm wherein demand for higher conveyance capacity may increase 
if the timing and volume of flows changes due to atmospheric warming trends. In addition, increased 
capacity may be needed to deliver water during periods of the year which are not the prime growing 
season, as well as to deliver higher volumes of water than are currently experienced for short periods of 
time. 
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F.2.7 System Reoperation 
 
System reoperation is defined as actions taken with respect to existing operational procedures related to 
reservoirs and conveyance facilities to alter water related benefits. System reoperation is typically 
examined in the context of improving the delivery of water to improve the efficiency related to existing 
uses or to impose improvement in one use over another. For instance, operation of reservoir releases for 
power production would be enhanced if releases were during a defined period of peak power use, as 
compared to running a generator on a run-of-the-river basis, where releases are dictated by agricultural 
water demands. 
 
Water rights on the Tule River are managed by the Tule River Association (Association). Agreements exist 
between all of the pre-1914 water users associated with the Tule River and the major riparian users of 
River water. These agreements define the operational policies for the member units and have proven to 
be instrumental in reducing conflicts between water users, in establishing guidelines for management of 
available supplies and ensuring compliance with State law relative to water rights priorities. 
 
Significant system reoperation procedures are felt to be limited with respect to existing systems. Storage 
limitations associated with Success Reservoir exist, particularly from November 15 to May 1 of the 
following year as the reservoir is operated exclusively for flood control purposes. The balance of the year, 
system operations are tuned to the desires of the water rights holders and the demands of stockholders 
to meet the requirements of their existing demands. Individual entities currently are experimenting with 
operational changes, some due to power generation enhancement, as compared to water use efficiency 
modifications. 
 
Changed conditions in the future could result in a basis for reoperations and, thus, the issue needs to be 
periodically evaluated. These changes could include impacts related to proposed changes in groundwater 
regulations, as well as climate change induced conditions. 
 
 
F.2.8 Water Transfers 
 
Established California legal statutes define water transfers as temporary or long-term changes in the point 
of diversion, place of use or purpose of use resulting from the transfer or exchange of water or related 
water rights. Water transfers are a recognized beneficial water management tool within the Tule River 
Basin, with specific guidelines established for both in-Basin and external Basin transfers and exchanges 
having been developed over the years. Such guidelines development has been based on the demonstrated 
capability of transfers and exchanges to accomplish the securing of new supplies, to increase supply 
reliability, to assist in maintenance of the groundwater basin and addressing droughts and associated 
overdraft conditions. Water transfers are a particularly important tool in response to climate change, 
which is anticipated to cause extreme precipitation events followed by long drought periods. In some 
cases water transfers have been used to generate revenue during certain market conditions to be 
leveraged to future water purchases during the existence of more ample water supply conditions. For 
instance, a reduced period run during dry year conditions can result in income being generated sufficient 
to allow for purchase of external Basin supplies sufficient to run for weeks in length. Foregoing a few days 
of water run and associated loss patterns, in exchange for recovery of all water lost and a multiple supply 
imported with funds generated from the initial transfer are recognized as significant water management 
tools within the Tule River Basin. 
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These transfers and exchanges are not without constraint. Many ditch companies with pre-1914 water 
rights have long established boundary restrictions for delivery of their water rights. Many adhere to an 
unwritten Basin water transfer policy which restricts the conditions under which transfers can take place 
and requires findings by the Water master and the Association Board of Directors prior to a transfer being 
approved. To a limited extent, additional constraints are imposed based on costs established for water 
being made available for transfer, Groundwater Management Plan Memorandum of Understanding 
constraints and restrictions and facility related issues. For out-of-Basin transfers, additional restrictions 
are imposed by the U.S. Bureau of Reclamation as Federal facilities are required to be utilized in out-of-
Basin transfers. Mechanisms are currently in place to allow these transfers and exchanges to take place, 
to invite proposals related to water banking and to hopefully comply with requirements associated with 
recent groundwater legislation. In exchange, obtaining tangible, measurable water supply benefits is 
fundamental to any program of this nature. 
 
 
F.2.9 Flood Risk Management 
 
The City of Porterville and the County of Tulare have been invited to become signator to the Memorandum 
of Understanding providing the basis for the IRWM Plan and and do play a role in the management 
structure. These agencies, in combination with the State and County Offices of Emergency Services, are 
those principally responsible for flood risk management. In this case, management is defined as assisting 
individuals and government infrastructure agencies and departments with assistance in and response to 
preparing for, responding to and recovering from a flood event. Solutions which are offered are both 
structural in nature and include policy issues such as land use zoning and flood plain zoning. At the current 
time, considerable dialogue is at the forefront involving the activities of the Federal Emergency 
Management Agency (FEMA) with respect to their determination of what constitutes an adequate flood 
control levee. Mitigating flood management is a crucial component of climate change adaption, as flood 
risk is expected to increase as storm events and wildfire increase in severity causing reduced infiltration 
and increased runoff. An increase in either the severity or intensity of flooding may require modifications 
to monitoring systems and improvements in flood plain protection structures. Land use planning policies 
may also need to be re-examined under this paradigm. 

 
 

F.2.10 Agricultural Lands Stewardship 
 
In cooperation with landowners/growers, the DCTRA, along with the Agricultural Commissioner of the 
County of Tulare and the University of California Extension are heavily engaged in agricultural lands 
stewardship. In this context, agricultural land stewardship involves the conservation of natural resources 
and protection of environmental features associated with agricultural lands. The joint practice of 
conducting land operations for food production while recognizing considerations such as soil 
preservation, air quality, energy conservation and threatened and endangered species habitat 
development and maintenance, are all elements of agricultural land stewardship. The accepted definition 
also extends to protection of open space characteristics, as well as the buffer zone between agricultural 
operations and rural communities. As Tule River Basin lands are fully developed, the impacts associated 
with conversion of agricultural land to urbanized land further impacts agricultural lands to accommodate 
issues such as storm water management, flood control, water conservation, carbon sequestration and 
habitat preservation. Within the Basin, preservation of the remaining examples of riparian oak forest and 
riparian oak savannah has been undertaken, as well as vernal pool preservation.  
 



Tule River Basin Integrated Regional Water Management Plan 
Section F – Resource Management Strategies 

 

March 2019 F-9 

Agricultural lands stewardship contributes to the region’s climate change mitigation efforts by promoting 
energy conservation, which reduces GHG emissions, and encouraging native vegetation, which increases 
carbon sequestration. Additionally, this management strategy increases the region’s adaptability to 
climate change through the enhancement of biodiversity, which increases ecosystem resilience to climatic 
changes.  
 
Constraints obviously exist to further implementation of these stewardship activities. Principal among 
these is funding, not just for initial purchase and maintenance, but also for security related functions. 
Illegal drug activities and steps necessary to avoid intentionally set fires compete with the desire to utilize 
the settings for public access and related educational purposes. 
 
 
F.2.11 Economic Incentives (Loans, Grants and Water Pricing) 
 
Economic incentives related to water management efforts run the gamut from policy development to 
implementation. Water marketing, water banking and water pricing policies are all driven by economic 
considerations and economic incentives play a significant role in the degree to which these activities take 
place. Direct financial assistance or water pricing, in conformance with the statutory requirements 
associated with Proposition 218, are fundamental to the offering of incentives. These criteria are typically 
deeply engrained in economic incentives associated with loans, grants and rebates. Other economic 
incentives can involve the granting of free services, timing of the use of power, availability of treated 
wastewater for reuse and costs associated with easements associated with access to sources of water 
supply. On the periphery, economic incentives can also produce benefits of an environmental or social 
type and influence the construction of new facilities through delay and/or avoidance alternative 
procedures. 
 
Particular to the IRWM Area, specific incentive examples include tiered water pricing, rebate programs 
for installing conservation devices and exchanges of treated wastewater for high quality surface water for 
recharge and/or direct reuse. Additional incentives are available to landowners/growers relative to on 
farm irrigation efficiency in the form of system conversion financial assistance. 
 
Economic incentives are the most powerful way to encourage efficient water use. As such, they are a 
useful tool to address climate change mitigation and adaption. Incentivizing water consumers to limit 
water use when water supplies are unreliable increases the region’s adaptability to climate change. The 
reduction in water demand will also reduce energy use related to water infrastructure systems, which will 
ultimately reduce GHG emissions.  
 
 
F.2.12 Ecosystem Restoration 
 
Ecosystem restoration provides numerous water management related benefits. Restored ecosystems can 
increase the quality and quantity of water supplies, which benefits urban and agricultural water users as 
well as a variety of ecosystem dependent species. Improved water quality associated with ecosystem 
restoration can reduce the energy demand and monetary costs associated with water treatment. The 
reduction of energy demand ultimately reduces the region’s GHG emissions. GHG emissions are further 
offset as native vegetation is restored, increasing the rate of carbon sequestration.  
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In addition to climate change mitigation, ecosystem restoration contributes to climate change adaption 
by increasing infiltration, which reduces the risk of flood and water quality impacts resulting from high 
runoff. Additionally, native ecosystems are adapted to natural fire and will be more resilient in response 
to the increased wildfire risk associated with climate change.  
 
A principal water management element which exists within the adjacent Kaweah River Basin IRWM 
Planning Area is the implementation of the outcomes related to the Kaweah River Corridor Study. The 
focus of this study was on the development of lands within the Basin on which could be developed projects 
which were multi-purpose in nature. The targeted purposes included groundwater recharge, storm water 
control and habitat preservation/restoration. To date, a number of examples now exist within the Kaweah 
Basin of multipurpose projects involving water management where habitat preservation, habitat 
development or a combination of both, are principal elements of project development. Under the 
leadership of the City of Visalia and the KDWCD, groundwater recharge and storm water basin design has 
left the era of the sterile engineered levee configuration for a design which accommodates re-vegetation 
of both trees and native grasses and incorporates significantly different maintenance activities than those 
associated with the sterile levee type of approach. 
 
Parallel to these efforts, the DCTRA has constructed basins with the groundwater recharge and 
environmental benefits. DCTRA has also been engaged in discussions related to restoration projects 
associated with Deer Creek sand mine sites which are now in the reclamation phase, or are anticipated to 
enter that phase in the near-term. 
 
There are a number of recognized constraints to development of ecosystem restoration projects, which 
include sufficient funds to acquire property, high costs associated with property acquisitions, impacts on 
adjacent parcels which are farmed where introduction of endangered species may be a potential, rodent 
control and weed control activities. The degree to which protection and restoration has been 
implemented within the Basin demonstrates that the majority of these obstacles can be successfully 
overcome. 

 
 

F.2.13 Forest Management 
 
There are no forests located within the IRWM Planning Area. A significant portion of the Tule River 
Watershed is, however, forested up to the high-altitude tree line. The management of these forest lands 
is split between the U.S. Forest Service and the National Park Service and a recognized Tule River Indian 
Reservation. As a result, water management entities located within the Tule River Basin have no 
governance authority over activities within these forests. Acknowledging, however, the fact that activities 
such as water management, timber management, native and invasive vegetation management, outdoor 
recreation and stock grazing occur within the forested areas, has led to an active input position to the 
agencies charged with overseeing watershed quality related issues. The input takes the shape of 
communication with the governing agencies with respect to their proposed policies and procedures and 
is anticipated to expand to include a cooperative effort in this regard with the recently formed Southern 
Sierra IRWM. 
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F.2.14 Recharge Area Protection 
 
Protection of land uses for specific purposes are enveloped in law for a number of topics. Most significant 
of these are policies related to mineral resources where lands containing identified mineral resources 
which have been determined to exist by the State are required to be protected from encroachment by 
land uses which may impede their development. To date, no such procedures exist within the IRWM 
Planning Area for candidate water management sites, even though groundwater recharge and banking 
programs may be of benefit to the urban development of lands currently in agricultural production. No 
rules currently exist which would ensure that area suitable for development for recharge purposes are 
protected from an agricultural to urban environment conversion. In addition, pollutant loads from 
urbanization are not currently subjected to the same water quality criteria as exists for agricultural areas. 
The potential thus exists for groundwater recharge areas to be subject to contamination. The topic is one 
which was discussed during development of the recent General Plan update by the County of Tulare, 
however, policies were not introduced into said update reflecting requested area protection measures. 
Based on the current lack of policy development and implementation, entities developing recharge areas 
are left to their own devices with respect to protection of prime recharge areas. 
 
This necessitates a significantly higher financial investment in land than would just basin site acquisition 
and development. Thus, the buying power of the funds associated with groundwater recharge are 
diminished as land must be purchased for protection of the recharge area from contamination, in addition 
to purchasing the recharge area itself. One of the current policy suggestions to improve this situation has 
been to begin development of mapping on which is depicted the prime recharge areas within the IRWM 
Planning Area. 

 
 
F.2.15 Sediment Management 
 
Improper sediment management can lead to poor water quality and habitat degradation. Sediment 
management, as described by the California Water Plan 2016 update, involves the assessment of the 
cumulative impacts of all past, present, and proposed human activities in predicting the impacts of 
sediment on surface waters. Sediment management in water bodies typically focuses on addressing three 
issues: 
 

1. The type and source of sediment. 
2. The systems transporting sediment.  
3. The location where sediment deposits 

 
Preventing erosion and the transport of sediment on a regional level is the preferred sediment 
management strategy in the IRWMP area. In the Tule River Basin, proper farming and urban development 
practices are required to encourage soil conservation and limit sediment pollutants. Erosion control 
through the use of low impact development techniques and vegetative or man-made ground cover to 
stabilize top soil is an effective way to prevent excess sedimentation. Source management techniques are 
enforced by the Regional Water Quality Control Board and documented in the 2015 Tule Basin Water 
Quality Coalition Sediment Discharge and Erosion Assessment Report. Parcels within the region with an 
annual soil loss risk value over 15 tons/acre/year are also required to submit a Sediment Discharge and 
Erosion Control Plan. Because the IRWM planning area is generally flat, the NRCS classifies the Erosion 
Hazard for a majority of the IRWMP region as slight.  
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When erosion occurs, sediment is transported downstream where it is eventually deposited into water 
bodies. The transport of sediment is managed by leveraging natural functions that create optimal 
sediment transport. This can include diverting sediments into settling ponds or wetlands where they can 
provide beneficial use. Measures to reduce adverse sediment transport are required in Sediment 
Discharge and Erosion Control Plans.  
 
Once deposited, sediment can have both positive and negative impacts on waterbodies and surrounding 
ecosystems. The goal of sediment deposition management is to limit the negative impacts of 
sedimentation in waterbodies while preserving positive impacts. In the Tule River Basin, high sediment 
loads can reduce the storage capacity behind Success Dam. In addition, uncontrolled stream systems 
feeding into the IRWMP area are sensitive to high volume sediment loads. The recharge capability of the 
Tule River, its distributaries, and the uncontrolled stream system beds are the principal locations where 
effective groundwater recharge occurs. Accumulation of sediments in these channels is averse to their 
effective percolation capability.  
 
Sediment extraction or dredging can be an effective way remove excess sediment once deposited, 
however this can directly affect water quality, habitat quality, and contaminant distribution by increasing 
turbidity and suspended solids. This method is best used in limited areas where an excessive amount of 
sediment is deposited. 
 
Climate Change would have adverse effects on sedimentation. Increased risk of wildfire and drought could 
limit vegetative cover and increase erosion. A severe storm event following the loss of vegetative cover 
would further exacerbate erosion and result in high sediment loads, which could then impact water 
quality, water storage capacity, and groundwater recharge. As a result, stricter regional sediment 
management strategies may need to be enforced. Additionally, sediment extraction or dredging may be 
required where excess sediment is deposited to preserve water resources. 
 
 
F.2.16 Outreach and Engagement 
 
The use of outreach and engagement in water management is intended to educate on and encourage 
good water management to enable the public and various industries to make good water management 
decisions. Outreach and engagement efforts range from informing and educating the public to 
empowering the public to take an active role in their local water management. As identified by the 
California Water Plan 2016 Update, a successful outreach and engagement strategy must be: 
 

• Relevant – Contributes to the missions, goals, and objectives of partner organizations. 
• Focused – Establishes goals that are measurable, achievable, and targeted toward improving 

social, economic, environmental, or civic conditions. 
• Scale-appropriate – Creates designs at local, state, multi-state, or national scales that effectively 

address the program’s focus. 
• Innovative – Integrates research findings and collegial knowledge and experience. 
• Collaborative – Cultivates and nurtures authentic and appropriately diverse partnerships.  
• Factually and Scientifically Sound — bases strategy on integrated or incorporated knowledge and 

methods derived from research, and brings together the relevant components of the knowledge 
system (i.e., research, education, and application) around the problem or issue at stake.  



Tule River Basin Integrated Regional Water Management Plan 
Section F – Resource Management Strategies 

 

March 2019 F-13 

• Adaptive – develops and implements continuous feedback and improvement strategies that 
include strong program planning and evaluation components, and exchanges information about 
processes, outputs, and outcomes with colleagues at local, state, multi-state, and national levels.  

• Visible – Interprets processes, outputs, and outcomes in a format that is understandable and 
accessible to partners and decision-makers.  

• Effective – Achieves outcomes that meet intended and unanticipated program objectives.  
• Sustainable – Develops and implements mechanisms to sustain the production of impacts over 

time, as appropriate to the duration and priority of a public need.  
• Measurable – Creates a difference that can be tracked and measured 

 
In the Tule River Basin, collaboration between the agricultural community, policy makers, and the public 
is especially critical when making decisions related to water resources. Currently, multi-disciplinary 
outreach and engagement takes place in the development of water resource plans and water 
management projects through public meetings, focus groups, workshops and advisory groups.  
 
Climate change increases the urgency for successful outreach and engagement strategies to manage 
water resources. Adapting to climate change requires a multi-disciplinary approach to be successful. 
However, the polarizing nature of climate change makes multi-disciplinary collaboration a challenge. 
Additionally, miss-information about climate change can lead the public to see climate change as a global, 
rather than local, issue. Increasing efforts to educate the public on the local impacts of climate change will 
increase public understanding and encourage multi-disciplinary collaboration. 
 
Although cost, opposing stakeholder viewpoints, and a general lack of understanding of water 
management can challenge outreach and engagement activities, public outreach and engagement should 
continue to play a significant role in Water Management within the Tule River Basin IRWMP area.  

 
 

F.2.17 Conjunctive Management and Groundwater Storage 
 
Due to the variable nature of supply within the Tule River Basin, conjunctive use is the fundamental water 
management strategy which is employed. By definition, conjunctive use is the coordinated and planned 
management of both surface and groundwater sources of water supply in order to most efficiently use 
both supplies. Conjunctive Management entails replenishing groundwater resources with excess surface 
water during wet years for use during dry years, which increases the reliability of water supplies from year 
to year. This strategy is an important climate change adaption too by increasing the region’s resiliency to 
drought.  
 
Conjunctive management is the device utilized to maximize water supply reliability, to reduce the impacts 
on the groundwater reservoir, to avoid subsidence associated with overdraft and to manage water quality 
related issues. Each of these issues involves the potential for conflicts. Managing supplies to optimize 
reliability can vary by crop type and soil type. Timing of delivery of available surface water supplies may 
be optimum for one landowner/grower, while not providing the same benefit to another. Timing of 
deliveries to lands on the east side of the Tule River Basin, where citrus crops are dominant, is often 
different than exists in the center of the Basin and even different yet for uses associated with the westerly 
lands within the Basin. Timing of deliveries to lands in the west portion of the Basin are critical with respect 
to dealing with overdraft and resulting subsidence impact issues. Reasons for management for water 
quality related purposes can range from reducing impacts of adverse conditions by virtue of quantity of 
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flows available for dilution purposes and for purposes of managing salt accumulations below the root 
zone of permanent plantings. 
 
In practice, conjunctive use involves numerous procedures and facilities, allowing for recharge during 
times of available surface water supplies, followed by groundwater extraction, either during times of 
reduced groundwater deliveries to supplement same, or as the entire supply during periods of time when 
surface water is unavailable for delivery. 
 
Monitoring of groundwater conditions is a critical component to a properly conducted conjunctive use 
program. Specifically, monitoring of groundwater levels, accumulation of knowledge related to area 
lithology and performance runs of groundwater models are all required to provide a proper basis for 
groundwater management to occur. The need for adequate funds to conduct these programs is also of 
significance. 
 
In an area such as the Tule River Basin, groundwater balance can only be achieved through the 
employment of proper conjunctive use procedures. Increasing storage in groundwater during times of 
available surface supplies, in excess of then current demands, is the only mechanism available to offset 
withdrawals during periods of time when insufficient surface water flows are available to meet demands. 
 
Entities within the Tule River Basin have caused the creation of a groundwater model to assist in the 
monitoring effort. A model exists for the entire basin with the capability to build a smaller cell size model 
for use in urban areas. These models allow for changes in land use and crop types to be introduced into 
the input side of the models and variable supply inputs to be employed to determine the impact on the 
volume of groundwater in storage as a result of land use or cropping pattern change. 
 
Friant Division, CVP contractors have also engaged in a process to perform an overall examination and 
inventory related to water resources, identified as their Water Management Plans. Approximate 5-year 
updates have currently been mandated by the federal government, thus allowing for the most current 
information technology to be employed. Efforts to improve the basis for the groundwater resource 
inventory are anticipated to continue in the future based on policy and budget instructions provided by 
the DCTRA governing board. 
 
To assist in the system balance efforts, DCTRA and its member units have currently in inventory, several 
hundreds of acres of groundwater recharge basins. This acreage is in addition to the natural channel 
acreage which is continuously employed as a recharge vehicle. Not satisfied with this level of facilities, 
DCTRA member units have in development additional areas with funds budgeted, accompanied by outside 
grant funds and input from other participants in the form of land and/or funding to further augment 
recharge capabilities. 
 
Currently the water management efforts within the Tule River Basin must allow for management of flows 
resulting from flood year events such as 1969 and 1983 and provide groundwater benefits in the driest of 
years. The extent to which climate change may affect the adequacy of the current facilities to deal with 
the variable nature of runoff, from both timing and volume of flow perspective is a challenge that the local 
water management entities feel they are up to. Active participation in response to hydrologic and 
regulatory change exists. 
 
Notwithstanding the success of implementation of conjunctive use operations within the Planning Area, 
constraints do exist to development of additional conjunctive use facilities. Most obviously amongst these 
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constraints is the availability of land on which to place recharge facilities. Historic efforts have oriented 
this effort toward lands which are marginal for agricultural purposes due to the quality of the soils or the 
high-water requirement associated with same. As a significant portion of these lands have already been 
developed to recharge areas, additional effort must be undertaken to both identify additional areas and 
to examine incorporation of same into the existing development program without adverse impacts on the 
agricultural community. Issues associated with additional land purchases continue to rise in significance 
as land purchase prices have increased dramatically in the last several years and fuel, equipment and labor 
costs associated with construction of, or improvement to, conveyance facilities to bring water to recharge 
facilities have also escalated. In addition, power costs related to recovery of recharged water have 
significantly increased and risk continues to escalate that recharged water flows westerly to areas outside 
of the target area for benefit. This is principally as a result of significantly decreased entitlement 
allocations of the Central Valley Project and the State Water Project to contract holders. Declining 
groundwater conditions, to a significant degree based on reduction of outflows to the west, are again 
returning and where groundwater balance was thought to be achievable a decade ago based on existing 
cropping patterns and water supply availability programs it is now starting to diminish based on the drastic 
changes in opportunity to pump project supplies from the Sacramento-San Joaquin Rivers Delta. While 
deliveries of supply from the Delta are not made to any significant degree for the benefit of landowners 
specifically within the Tule River Basin, outside of Friant Division, CVP exchange supplies, the withdrawal 
of deliveries from lands to the west has historically had a significant impact on groundwater conditions 
within the Basin and it appears that a return to those pre- westside project conditions is returning. 
 
Additional constraints to recharge related programs include recognition of third-party impacts in any 
planning process and increased participants from local agencies and landowners/growers. Discussions are 
ongoing with local domestic water purveying entities with respect to altering their historic 
nonparticipation in groundwater recharge related efforts due to the quantity/quality impacts on their 
current supply. Principal among those impacts is the movement of contaminants from one area to another 
based on groundwater gradients introduced as a result of differential pumping based on available surface 
water supplies. 
 
 
F.2.18 Desalination 
 
The treatment process for water involving the removal of salts is identified as desalination. This practice 
involves treating a source of water high in salts to remove said salts and to have as a result, usable water. 
Within the Tule River Basin, neither sea water nor brackish water from groundwater exists. There 
currently is, therefore, no available source for desalination within the IRWMP Planning Area. The ability 
of this method to be a source of water supply is, therefore, not applicable. 
 
 
F.2.19 Precipitation Enhancement 
 
Weather modification in the form of precipitation enhancement, commonly called “cloud seeding”, has 
been utilized successfully within the Kings River and the Kaweah River Basin for decades. Utilizing this 
technology, clouds are artificially stimulated to produce more rainfall or snowfall than they would 
normally yield over a specific land mass. The technology employed with this enhancement methodology 
occurs by injecting particles which act as a nucleus into clouds, thereby seeding the clouds with a nucleus 
around which water molecules can form to enable snowflakes and/or raindrops to form. While cloud 
seeding has been employed within the adjacent watersheds for decades, it has limited use in dry periods 
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as storm containing water particles are absent and, in years of extreme precipitation, additional 
precipitation would only augment potential flood damaging flows. For the intervening weather 
conditions, however, contracted weather modification services involving aircraft seeding storms as they 
approach the foothills east of the Basin, upwind of the target are available. These aircraft efforts can be 
augmented by ground-level generators located in foothill and low elevation mountain locations. The 
primary target is usually the available low-altitude super cooled liquid water that develops in cloud on the 
east side of the foothill and mountain slopes, those being the windward and upslope areas associated 
with foothill and mountain barriers. Current estimates of long-term additional runoff are in the 
neighborhood of five (5) percent. 
 
Of all of the current water supply augmentation steps, climate change could affect the weather 
modification program to the greatest degree. Disruption of the historic weather patterns around which 
cloud seeding activities are centered could be significant, thus destroying the forecasting base which has 
been established and further leading to changes in seeding conditions, the results of which are currently 
unknown. Of significant impact is the fact that the current nucleus forming agents which are utilized may 
no longer be applicable if high-altitude temperature patterns change. Nucleus forming agents which 
operate at temperature conditions well below freezing would be rendered ineffective if these 
temperature conditions cease to exist or diminished in their frequency. 
 
 
F.2.20 Recycled Municipal Water 
 
At the current time and for some time, discharges from municipally owned wastewater treatment works 
have been completely recycled into the environment. For the most part, these supplies are utilized in 
substitution of groundwater pumping for agricultural purposes and little opportunity has been seen to 
further enhance the reuse paradigm as it has been complete. Recently, modifications to discharge 
requirements, particularly to natural streams, have changed such that discharges to natural channels have 
changed to the extent that such discharges are in a phase of planned obsolescence. They are being 
replaced with either discharge patterns to adjacent lands where waters of the State are not involved or, 
in the alternate, discharges are being upgraded to a tertiary level and their use then directed toward new 
beneficiaries to the exclusion, for the most part, of the traditional pathways. 
 
Significant in the Tule River Basin in this changed paradigm is the availability of a program wherein 
reclaimed wastewater can be discharged to irrigation canals for direct reuse on a year-round basis. In 
exchange, entitlement waters of a local irrigation entity, which is the recipient of the treated water, can 
be rerouted and recharged upstream of a domestic groundwater contractor is a contract position which 
has not historically existed. While the Tule River Basin, as a whole, would remain in the same balance, the 
shifting of available surface supplies within the Basin can be altered with the benefits redirected to 
defined areas within the Basin. The extent to which withdrawal of the treated effluent will have on the 
historic place of use remains to be seen. In addition, the extent to which such programs will be pursued 
in the future by discharging entities remains to be seen. 
 
 
F.2.21 Surface Storage – CALFED 
 
The CALFED Bay-Delta Program, identified as CALFED, was a department within the government structure 
of the State of California that was focused on Sacramento-San Joaquin Rivers Delta water problems, both 
in-Delta as well as export based. In 2009, CALFED was replaced by the Delta Stewardship Council. “CALFED 
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Surface Storage” is a legacy title for a RMS designed to improve surface storage while improving 
conditions in the Delta on a parallel basis. The CALFED Surface Storage strategy includes five (5) potential 
surface storage reservoirs in California. It is not anticipated that any of these efforts will have a significant 
impact on the Tule River Basin and potentially only an incidental impact on Friant Division-CVP contractors 
peripheral to the Tule River Basin. It has been determined that this element is not applicable to the subject 
IRWM Plan. 
 
 
F.2.22 Surface Storage – Regional/Local 
 
The Tule River Basin seeks to be the recipient of a modification to its surface storage capabilities. Spillway 
modifications associated with Success Dam would result in an overall increase in storage in the reservoir, 
along with additional yield development. The reservoir now provides improved downstream flood 
protection benefits, principally to the City of Porterville and the Tulare Lakebed areas. Additional storage 
opportunities have been evaluated on Deer Creek and White River, said studies resulting in a lack of 
feasibility due to environmental constraints and/or economic constraints. While an off-stream storage 
site was initially investigated as a part of the East-Side Division-CVP, no additional feasibility studies have 
been initiated, nor are there any likely significant storage opportunities existing within the Tule River 
Basin. The water rights on the Tule River are fully appropriated, based on action by the State Water 
Resources Control Board and, as a result, additional storage may result in some reregulation capability, 
but little to no additional yield capability. 
 
From a climate change perspective, a change in precipitation and/or runoff patterns may result in reduced 
snow pack and alteration of winter runoff. These changes would require a re- examination of the 
development of surface storage for water supply purposes during peak growing months and flood control 
purposes could also change. This would require a re- examination of potential sites, few of which exist 
based on examinations which have been undertaken to date. 
 
 
F.2.23 Drinking Water Treatment and Distribution 
 
Principal in Tule River Basin IRWM planning activities is that related to the provision of potable drinking 
water. Significant participation by both disadvantaged community and environmental justice 
representatives in the Stakeholder Advisory Committee structure has resulted in identification of drinking 
water problems and pursuit of solutions to these problems utilizing the IRWM structure as a potential 
solution vehicle. Within the Tule River Basin, groundwater related treatment facilities currently exist for 
the unincorporated community of Terra Bella and numerous services of the Terra Bella Irrigation District. 
 
Historic efforts have been related to water quality associated with discharges from agricultural uses, with 
that program having been memorialized in the Irrigated Lands Regulatory Program of the Regional Water 
Quality Control Board. The local orientation has the potential to change to examining those opportunities 
which exist for construction of surface water treatment 
facilities in identified areas with poor groundwater quality characteristics and potential dedication of 
portions of agricultural surface water supplies to those facilities. These efforts are in the infant stages and 
are being supplemented by efforts of the County of Tulare related specifically to the unincorporated area 
of East Porterville. 
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Primary constraints to pursuit of this method of altering the landscape of domestic water quality include 
the development of water treatment and distribution systems to serve any candidate areas, elevated 
operation and maintenance costs, opposition to higher water rates, or in this case, the payment of a water 
rate at all and the lack of qualified water treatment plant operators.  
 
Factored into the surface water treatment plant equation will have to be impacts of climate change on 
mineralization and increased turbidity. In addition, if storage of water is required, elevated water 
temperatures, both as an aesthetic issue, as well as an adverse plant growth inducement cause, will be 
factors to be dealt with. 
 
Based on experiences currently being generated through similar examinations in out-of- Basin areas, these 
facilities are felt to be economic to an acceptable degree only if they are regional in nature and resolve 
many of the identified adverse problems, such as operations problems on a collective basis. 
 
 
F.2.24 Groundwater Remediation/Aquifer Remediation 
 
Groundwater remediation takes place in specific and infrequent locations within the Tule River Basin. 
Virtually all of these locations are associated with a vadose zone consisting of a specific plume of 
contamination caused by a prior surface related activity such as a leaking underground fuel storage tank. 
This contamination has traveled to free groundwater in the soil profile and requires extracting the 
contaminated groundwater from an aquifer, or multiple aquifers, treating it and then discharging to an 
approved location. These discharge locations vary from adjacent water courses, to re-injecting to the 
ground, to reuse for a beneficial purpose. Remediation does not provide for a new quantity of water, but 
does provide for a source of water from a previously contaminated source. While a remediated supply is 
made available, the principal purpose is to prevent the further spread of the specific contaminant, thus 
rendering additional supply unusable. 

 
 
F.2.25 Land Use Planning and Management 
 
Historically, land use planning has been conducted by different agencies, on different time schedules and 
was based on differing policy directives from governing bodies. To a significant extent, this remains the 
case. Attempts to integrate water management related concerns into land use planning is based on a 
recognition that there is a direct relationship to water supply and water quality, flood and storm water 
management and impacts on agricultural water conveyance facilities where urbanized development is 
involved. While history has proven that many of these relationships are contentious and do not always 
result in agreement with regard to policy development, the interface nonetheless exists. The principal 
tool utilized in the Tule River Basin to overcome these differences is education. Coupled with an attitude 
inviting cooperation, successes have been achieved which overcome the previously predominant 
aggressively opinionated and argumentative processes. Development of water management related tools 
such as the numeric groundwater model has offered a new forum for interface between water 
management agencies and land use planners. In addition, the IRWM forum is being opened to the 
governmental agencies who carry the charge of land use planning as one of their principal purposes and 
their involvement, to date, in the IRWM process has led to improved relationships between the 
participants. 
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Also assisting in the barrier reduction efforts has been the requirement of State and local agencies 
associated with water supply planning related to land developments to reflect adequacy of supply. This 
requirement has caused an improvement in relationships between the water management entities and 
the land development participants as certification of adequacy of water supply is now statutorily required 
as part of the land development process. 
 
The IRWM process offers a unique forum for this relationship to be further improved. The Stakeholder 
Advisory Group currently includes individuals responsible for land use planning policy development and 
implementation , as well as representatives of Disadvantaged Communities, where improvement is 
needed in the relationship between water managers and land use planners. The types of projects which 
have been developed and pursued through the IRWM process demonstrate the success of this 
cooperative approach. 

 
 
 

 
F.2.26 Matching Quality to Use 
 
The strategy of matching water quality to specific beneficial use has little application in the Tule River 
Basin. Typically, the strategy is to avoid utilizing a higher quality of water for a beneficial use than is 
required by that beneficial use. As agricultural is the major consumer of water within the Basin, the surface 
water and groundwater currently available within the Basin are both suitable for agricultural use. Treated 
wastewater is directed toward lands which meet the requirements for reuse of said supply and surface 
waters are of very high quality, only requiring treatment for removal of turbidity and bacteriological 
contamination if utilized for human consumption. If such supplies were to become available in a 
recognized usable quantity, issues of acceptance of using a lower quality water than otherwise available 
and the matching of the location of use to the location of availability would become major issues to be 
evaluated. 
 
 
F.2.27 Pollution Prevention 
 
Current and applicable water quality guidelines, including Basin Plan criteria, are driven by avoidance of 
contamination as the principal objective. Reliance on treatment following contamination or pretreating 
water to allow for “space” to introduce contaminants are, for the most part, discouraged. Where pollution 
is unavoidable, such as the case with certain municipal and industrial related discharges, regulatory 
programs exist for removal or reduction of contaminants to an acceptable level based on the beneficial 
use objectives in existence related to the specific discharge. Current activities related to pollution 
prevention have started to extend up into the contributory watershed based on drinking water 
requirements and introduction of flood flows into facilities such as the Friant-Kern Canal, waters in which 
are utilized for human consumption, following conventional treatment. Extension of efforts into the upper 
parts of the watershed allows for avoidance of pollutants being introduced into the runoff, further 
avoiding any significant level of treatment being required. 
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F.2.28 Salt and Salinity Management 
 
Importation of surface water into the Tule River Basin, domestic discharges such as those associated with 
home water softening units and certain agricultural practices result in additional salts being discharged, 
principally to groundwater. High salinity in surface water, soil, or groundwater can have significant 
negative impact on critical organisms and agricultural productivity.  
 
Options to manage salt and salinity include on-farm drainage management, which involves the placement 
of crops based on their salt tolerance in conjunction with existing drainage patterns, as well as methods 
to treat or store salt deposits.  
 
The DCTRA is engaged in several arenas designed to address salinity management. In particular, the 
DCTRA is engaged in the CV Salts Program and in activities related to Basin Plan Modifications related to 
the salt topic. The position of the Association with respect to the Irrigated Lands Regulatory Program (ILRP) 
has recently been handed over to the newly-formed Tule Basin Water Quality Association. Salts 
management is an issue within the structure of the ILRP to be addressed by the third-party coalition 
groups covering the irrigated lands within the jurisdiction of the Central Valley Regional Water Quality 
Control Board. 
 
 
F.2.29 Urban Runoff Management 
 
Runoff from urban areas is handled within the single incorporated city within the Planning Area by the 
governing municipality and in unincorporated areas by the County of Tulare. While in all cases, irrigation 
water conveyance facilities play a major role in conveyance to disposal facilities of urban runoff, it is 
nevertheless the responsibility of the urban entity to properly address disposal of urban runoff. Urban 
runoff within the Planning Area typically is comprised of two different sources. The first, and most obvious, 
is that of storm water runoff comprised principally of rainfall falling on impervious surfaces within the 
municipality and gathering of that runoff in facilities designed for that purpose with most disposal actions 
contributing to groundwater recharge.  
 
The second form of water to be managed is that related to nuisance discharges during dry weather 
periods. These flows are placed in the nuisance category for three (3) principal reasons. The first of these 
is that they have to be managed during a period of time when facilities utilized for irrigation purposes 
need the available capacity or occur at a time when maintenance activities need to be conducted and the 
nuisance flows interfere with such activities. The second issue related to these flows is that many accrue 
to local storm water facilities where they pond in a shallow depth configuration and pose vector breeding 
problems which have to be managed at a significant cost, in comparison to the water involved with the 
discharge activity. The third issue is that related to contamination. While the volume of these flows is low, 
discharges from urban landscape have been demonstrated to carry significant elevations of contaminants 
and activities where water is washed into urban gutters carries with it petroleum and petroleum 
byproducts contamination which often accrues to groundwater.  
 
While principal actions are directed at preventing groundwater contamination, most actions, under 
current conditions, are limited in nature and, for the most part, ineffective as compared to the total 
contamination picture. Land conversion based on increased development further exacerbates this 
condition, less specifically addressed in the new development as compared to the previous agricultural 
use. 
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F.2.30 Water-Dependent Recreation 
 
As the Tule River and its distributaries flow for only a portion of a given calendar year, little water-
dependent recreational opportunity exists. The sole exception is tubing and rafting excursions on a 
portion of the Tule River during irrigation release periods. Points of ingress and egress for these 
recreational opportunities are typically associated with public road rights-of way, as little or no access is 
available through private lands. 
 
With the exception of impacts of climate change which may modify this paradigm in the future, the 
opportunity is factually limited due to the limited quantity of surface water existing within the Basin. 
Future updates to the IRWM Plan will need to consider examination of this issue and a determination of 
whether or not opportunity events have changed to the point where the inclusion of this objective into 
IRWM Planning needs to be accomplished. 
 
 
F.2.31 Watershed Management 
 
The watershed feeding Success Reservoir and forming the Tule River exists completely outside of the 
IRWM Planning Area. As previously noted under the forest related section, planning in this area is almost 
exclusively under the control of the U.S. Forest Service, U.S. Park Service and the Tule River Indian 
Reservation. 
 
Normal watershed management functions of evaluating policies, land use planning, management of land 
and resources and fire prevention and fire suppression efforts are all outside the purview of any 
participating entity in the IRWM process. Input with respect to watershed management from the 
standpoint of watershed management is virtually nonexistent. Vegetative management, controlled burns 
and water quality related impacts are dealt with by the agencies of jurisdiction with entities involved in 
the IRWM process only allowed input in a public forum approach. In most cases, responsible agency status 
is not invited, nor accepted when requested. The IRWM process is designed to continue to seek input with 
respect to the programs of the governing agencies and opportunities to coordinate efforts, when 
appropriate. 

 
 

F.2.32 Water and Culture  
 
This resource management strategy refers to the consideration of culture when developing and 
implementing water management strategies, and encourages collaboration with local communities, 
groups, and Native American tribes to manage water in a way that protects and enhances cultural 
resources.The Tule River Basin IRWMP area is home to historical and tribal resources. The Tule River Tribe 
is the most notable cultural entity within the Tule River Basin. The Tule River Tribe has ancient ties to 
water within the IRWMP area and can provide traditional knowledge to better sustain and integrate water 
management practices. Native American Tribes must be included in the water management decision 
process to create sustainability and continue the passage of traditional practices and knowledge to future 
generations.  
 
A variety of factors can lead to the disruption of cultural resources. In the Tule River Basin, private land 
owner considerations and a lack of information regarding cultural resources can be major implementation 
issues when protecting culturally sensitive water resources.  
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Climate change is projected to have a significant impact on water and water dependent resources. Fire, 
flooding, habitat degradation, and drought resulting from climate change all have the potential to 
significantly impact cultural resources and the ability of tribal communities to continue their traditional 
practices. Including tribal communities, such as the Tule River Tribe, in discussions related to climate 
change adaption and mitigation will contribute to the development of culturally sensitive and sustainable 
water management practices.  
 
 
F.3 Resource Management Strategy Review 
 
The RWMG considered the DWR Resource management strategies to expand and diversify the Tule 
River Basin water management portfolio. RMS were reviewed and selected for incorporation into the 
IRWM Plan based on their applicability to the region, potential to address climate change impacts, and 
ability to meet at least one of the IRWMP objectives. If an RMS was not relevant to the region or did not 
support IRWMP Objectives, a decision was made to not include the RMS into the IRWM Planning 
process.  
 
 
Through this process, the following were discluded from the IRWM Planning process.  
 

• Conveyance – Delta 
• System Reoperation 
• Desalination 
• Surface Storage – CALFED 
• Forest Management 

 
As shown in Table F-1, the RMS that were selected for incorporation into the IRWMP are interrelated, 
and each contribute to a variety of IRWMP objectives.  
 
 
 
 
 
 

 
 

Figure F-1. RMS Review Process 
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Table F-1. Tule River Basin Objectives Satisfied by the State Resource Management Strategies 
 

                 
                State Resource 
                   Management 
                         Strategies 
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Conserve, Enhance and 
Regenerate Riparian Habitats        X  X  X X  X    X X  X X X X X X 

Conserve and Restore Native 
Species and Related Habitats        X  X  X X  X     X  X X X X X X 

Protect Water Resources that 
are critical to Native American 
Tribal Communities 

      X X  X  X X     X X   X X X X X X 

Evaluate and Modify Water 
Diversion and Conveyance 
Infrastructure 

X  X X X X X        X  X    X   X  X  

Meet Applicable Regional 
Water Quality Control Board 
Basin Plan Objectives 

X  X    X X X  X X  X X X X X X X   X X X X X 

Management of Recreational 
Activities to Minimize Impacts 
on Water Resources 

           X X     X  X  X  X X  X 

Promote City, Community and 
Regional Storm Water 
Management Plans 

 X     X    X X X   X    X X X  X   X 

Evaluate and promote 
strategies to reduce arsenic, 
nitrate, and perchlorate 
contamination to levels below 
maximum contaminant level 

       X    X      X X X  X  X  X X 

Increase Monitoring and 
Promote Research Programs to 
Better Understand the Effects 
of Climate Change on 
Ecosystems in the Region 

       x  x            x    x  

Plan for Potential Regional 
Impacts of Climate Change on 
Water Quality and Quantity 

  x x  x x    x   x x x x         x  

Identify and Promote 
Strategies for Hydroelectric 
Generation Facilities 

    X                     X  

Protect and Improve Water 
Resources through Land Use 
Practices 

 X     X X  X X  X       X  X  X  X X 

Optimize Efficient Use, 
Conservation and Recycling of 
Water Resources 

X X  X X X  X X  X  X X  X X    X   X  X X 

Increase Knowledge Regarding 
Groundwater Related 
Conditions and Establish 
Groundwater Management 
Practices 

       X X  X X X X    X X   X   X X X 

Reduce Impacts and Optimize 
Benefits from Assisting Other 
Drought-Related Areas with 
Basin-to Basin Transfers of 
water 

X   X X X        X   X           
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Section G – Project Solicitation, Selection, and Prioritization  
 
 
G.1 Introduction 
 
This section documents the project review process and contains the following components taken from 
the 2016 DWR Guidelines (State Guidelines): 
 

1. Procedures for submitting a project to the RWMG 
2. Procedures for review of projects considered for inclusion into the IRWM Plan. 
3. Climate change considerations 
4. Procedures for displaying the list(s) of approved projects 

 
Evaluation of projects/programs in the context of IRWM planning differs from the evaluation of a project 
by itself. Projects are selected for incorporation into the Final Project List based on their ability to meet 
IRWMP goals and objectives, compatibility with State Resource Management Strategies, and readiness to 
proceed. The steps taken to create the Final Project List are broken into 3 phases. These phases are 
explained in the following sections and summarized below. 
 
 

 
Figure G-1. Project Solicitation, Scoring, and Selection Process 
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G.2 Phase 1: Project Solicitation and Acceptance of Abstract Forms 
 

The solicitation of projects is sought from potential participating parties within the IRWMP area on a 
periodic basis prior to the announcement of any funding opportunity. Project solicitation entails sending 
out a notice of intent to update the IRWM project list and informing potential project proponents that 
Phase 1 Abstract forms will be accepted.  
 
Phase 1 Abstract forms (See Appendix H) are intended to solicit sponsors for all relevant projects and 
programs currently being considered throughout the Tule River Basin IRWMP region. Abstract forms 
collect a wide variety of information on the projects/programs and provide a pass or fail screening to 
capture only the projects/programs that meet the following conditions: 
 

Condition 1: The project/program must be relevant to Integrated Regional Water Management. (Must 
satisfy one or more of the questions below) 
 

1. Is it regional? Does the abstract describe the project/program’s purpose and benefit to the 
region? 

2. Is it sponsored or developed by multiple agencies? Does the abstract provide evidence of the 
project having multiple-agency support or funding? 

3. Does the project/program provide cumulative benefit? Does the abstract describe reciprocal 
benefit with other projects or programs, and/or does the project result in meeting multiple 
objectives of the IRWMP? 

4. Does the project/program support a critical water supply or water quality need within a 
Disadvantaged Community (DAC) boundary? 

 
Condition 2: The project/program must meet at least one of the IRWM Objectives (See Section E – 
Goals and Objectives) 
 
Condition 3: The project/program must be related to a resource management strategy selected for 
use in the IRWM Plan.  

 
The proponents of projects and programs that pass this screening process are contacted and asked to 
complete the second phase of the solicitation process.  
 
 
G.3 Phase 2: Project/Program Evaluation and Scoring 
 
Projects and programs that pass Phase 1 screening continue to Phase 2. In Phase 2, project proponents 
submit an Objectives Worksheet, which is used to assess the project/program’s alignment with IRWMP 
Goals and Objectives, and a Readiness to Proceed (RTP) Questionnaire, which is used to gauge how far 
along the project/program is in the planning process. At this level, scoring is based on how many IRWMP 
objectives the project/program satisfies and how likely the project/program is to be implemented in the 
near future. 
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G.3.1 Objectives Worksheet 
 
The Objectives Worksheet (See Appendix H) is used to assess the number of IRWMP objectives the 
project/program satisfies and how well the project/program corresponds with IRWM Goals and 
Objectives. In order to give each IRWM Objective equal weight in this scoring process, each Objective is 
given a total score of 6.25 points.  

 
 

Table G-1. Objectives Worksheet Scoring 
 

Goal Objectives Points 

Maintain or improve the 
health of ecosystems 

within the region. 

Conserve, Enhance and Regenerate Riparian Habitats 6.25 

18.75 
Conserve and Restore Native Species and Related 
Habitats 6.25 

Protect Water Resources that are critical to Native 
American Tribal Communities 6.25 

Protection of life, 
structure, equipment, and 

property from flooding. 

Evaluate and Modify Water Diversion and Conveyance 
Infrastructure 6.25 

12.50 
Protect and Improve Water Resources through Land 
Use Practices 6.25 

Reduction of 
contamination of surface 

and groundwater 
resources 

Meet Applicable Regional Water Quality Control Board 
Basin Plan Objectives 6.25 

25 

Management of Recreational Activities to Minimize 
Impacts on Water Resources 6.25 

Promote City, Community and Regional Storm Water 
Management Plans 6.25 

Evaluate and promote strategies to reduce arsenic, 
nitrate, and perchlorate contamination to levels below 
maximum contaminant level 

6.25 

Expand regional response 
to climate change through 
mitigation and adaption 

strategies 

Increase Monitoring and Promote Research Programs 
to Better Understand the Effects of Climate Change on 
Ecosystems in the Region 

6.25 

18.75 Plan for Potential Regional Impacts of Climate Change 
on Water Quantity and Quality 6.25 

Identify and Promote Strategies for Hydroelectric 
Generation Facilities 6.25 

Work toward achievement 
of sustainable balanced 

surface and groundwater 
supplies. 

Protect and improve water resources through land use 
practices. 6.25 

25 

Optimize efficient use, conservation, and recycling of 
water resources.  6.25 

Increase knowledge regarding groundwater related 
conditions and establish groundwater management 
practices. 

6.25 

Reduce impacts and optimize benefits from assisting in 
other drought-related areas with basin-to-basin 
transfers of water 

6.25 

Total Objective Points Possible 100 
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G.3.2 Readiness to Proceed (RTP) Questionnaire  
 
As the name suggests, the RTP Questionnaire (located in Appendix H) is intended to evaluate a 
project/program’s readiness to proceed and gauge how far along the project/program is in the planning 
process. The RTP is based on five questions that each have a maximum score of five points. These 
questions and respective scoring are shown below in Table G-2.  

 
 

Table G-2. RTP Questionnaire Scoring 
 

RTP Factor Question Considered Scoring Points 

Timeliness 

How soon can the 
project/program be 
implemented without 
additional funding or 
new agreements? 

<1 year 5 
1-3 years 3 
3-6 years 1 
>6 years 0 

Technical 
Feasibility 

Does technical 
documentation exist to 
evaluate the technical 
feasibility of the 
project? 

Project has detailed documentation, including 
feasibility studies and completed engineering designs.  5 

Project is partially documented and has 
reconnaissance and/or feasibility studies but 
incomplete or partial designs.  

3 

The project is not well documented, no feasibility 
studies have been completed and the project has not 
been designed.  

0 

Environmental 
Compliance 

Does the 
project/program have 
the necessary 
environmental 
documentation? 

Environmental documentation is complete. 5 
Some studies are completed and a clear plan to 
complete environmental documentation exists.  3 

No environmental studies have been completed and 
environmental compliance documents have not been 
started.  

0 

Permitting 
Does the project have 
required permits or 
plans to obtain them? 

All required permits are obtained or in the process of 
being obtained. 5 

Permit requirements are known and there is a plan 
and schedule in place to obtain them. 3 

Permit requirements are not known.  0 

Funding Is funding for the 
project secured? 

Financial plan and commitments are well defined and 
include resource commitments to maintenance and 
operations 

5 

Financial plan is under development and/or awaiting 
rate payer and/or funding agency approval. No 
defined resource commitments to maintenance and 
operations exist.  

3 

Financial plans and commitments have not been 
established for project implementation or for 
maintenance and operations.  

0 

Total RTP Points Possible 25 
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G.3.3 Supplemental Scoring 
 
The last step in project/program scoring involves the response to the following questions. These factors 
are weighted heavily as they are important components of the 2016 IRWM Guidelines. 
 

1. Does the project/program contribute to climate change adaption? This may include the following: 
(If yes, 5 points) 

• The project address climate change vulnerabilities as identified in Section O – Climate Change. 
• The project addresses changes in the amount, intensity, timing, quality and variability of runoff 

and recharge. 
 

2. Does the project/program contribute to reducing GHG emissions? This may include the following: 
(If yes, 5 points) 

• Implementation of the project/program results in the reduction of GHG emissions as compared 
to project alternatives. 

• The project/program will help the IRWM region reduce GHG emissions over the 20-year planning 
horizon. 

• The project/program will reduce energy consumption.  
 
Objective, RTP, and Supplemental points are combined to give each project/program a total score and 
develop a preliminary ranked project list. The top scoring projects and programs then continue to phase 
3 of the project solicitation process. Direction from the RWMG will help to guide the number of 
projects/programs that will move onto Phase 3.  

 
 
G.4 Phase 3: Final Evaluation, Notification, and Selection of IRWM Projects 
 
Once Projects/programs are scored and ranked in Phase 2, projects/programs are evaluated for technical 
accuracy and the project list is released for public comment. Once the public comment period has ended 
and stakeholders have reviewed the project list, the RWMG approves a Final Project List and it is 
incorporated into the IRWMP.  
 
 
G.5 Updating the Project List 
 
As part of plan implementation, the project list will be updated on an annual basis (or more often as 
needed) to keep the list of included projects current, comprehensive, and responsive to current 
conditions. The project solicitation and scoring process described above will be used to update the Full 
Project List. Updates to the Full Project List will be published as an interim change and will not require re-
adoption of the plan. Future IRWM implementation grant opportunities will be offered to the best suited 
projects/programs. 
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G.6 Procedures for Displaying List of Approved Projects  
 
A complete list of approved projects will be displayed on the Tule River Basin IRWMP website. This list will 
be updated annually or more frequently by the DCTRA in response to the annual evaluation of newly 
proposed projects. The complete list of approved projects, as well as other information related to IRWM 
Planning in the Tule River Basin, can be found on the following website: 
 
 

http://www.tuleirwmp.com 
 

 
G.7 2018 Tule River Basin IRWM Project List 
 

Submitting 
Agency Project Name Project Description Summary Category 

Alpaugh CSD - 
Allensworth 

Water Project 

Consolidate 
Alpaugh and 

Allensworth Water 
Systems 

Connect Alpaugh and Allensworth Water Supply 
systems via new pipeline 

Water Quality 
(DAC) 

Alpaugh GSA GSP Development Prepare initial GSP technical data and report SGMA 

Angiola Water 
District 

White River Flood 
Control Reservoir 
Project Phase 2 

Construct a 1,200-acre flood control basin 
comprised of cells, half mile wide by half mile long 
by eight feet deep, to be used for retention, 
detention and recharge. This reservoir will be 
used to prevent flooding of developed farm land 
and the inhabited areas of two disadvantaged 
communities, Alpaugh and Allensworth. 

Climate Change, 
Drought, SGMA 

Angiola Water 
District & Deer 

Creek Storm 
Water District 

White River Flood 
Control Reservoir 

Project 

Construct a half mile wide by two-mile-long by 
eight feet deep flood control reservoir to be used 
for retention, detention and recharge. This 
reservoir will be used to prevent flooding of 
developed farm land and the inhabited areas of 
two disadvantaged communities, Alpaugh and 
Allensworth. 

Climate Change, 
Drought, SGMA 

Campbell 
Moreland Ditch 

Company 

Convert Open 
channel Ditch to 

Pipeline 

Replace ½ mile section of open channel with a 
pipeline to prevent channel losses and increase 
efficiency of surface water deliveries to growers. 

Recharge, 
Drought, Water 

Supply 

City of 
Porterville 

Groundwater 
Recharge Program 

Increase groundwater recharge basin capacity 
around the City of Porterville 

Water Quality, 
Drought, SGMA, 

Recharge 

City of 
Porterville 

Tertiary Treatment 
Facility and 
Distribution 

System 

Treat the wastewater from the Wastewater 
Treatment Plan to tertiary requirements and 
return the water in a “purple pipe” system to City 
parks and landscape areas. 

Water Quality, 
Drought, SGMA, 

Recharge 

City of 
Porterville 

Drainage Reservoir 
No. 28 connection 

to Campbell 
Moreland Ditch 

Extend the Campbell Moreland Ditch 
approximately 1/2 mile to COP Drainage Reservoir 
No. 28. 

Water Quality, 
Drought, SGMA, 

Recharge 
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Submitting 
Agency Project Name Project Description Summary Category 

City of 
Porterville 

Stormwater 
Recharge Basin 

Upgrades 

Upgrade City Stormwater distribution system and 
recharge basins 

Drought, SGMA, 
Recharge 

Eastern Tule 
Subbasin GSA 

JPA 
GSP Development Prepare initial GSP technical data and report SGMA 

Lower Tule River 
Irrigation District 

Riparian Lands 
Distribution 

System 

Install a pipeline distribution system to serve 
lands within the Riparian areas of the Tule River 
surface water to prevent major channel losses 
and allow water to be delivered during normal 
and dry years. 

Recharge, 
Drought, SGMA 

Lower Tule River 
Irrigation District 

SCADA system 
expansion / 

upgrades 

Update and expand the existing SCADA system 
within the irrigation district to help facilitate more 
efficient operations. 

Water Supply, 
Climate Change 

Lower Tule River 
Irrigation District GSP Development Prepare initial GSP technical data and report SGMA 

Pioneer Water 
Company 

Existing Pipeline 
replacement 

Replace existing sections of the Pioneer Water 
Company pipeline that leaks and is broken 

Drought, Water 
Supply 

Pixley Irrigation 
District 

Northwest 
Distribution 

System Expansion 

Expand the pipeline distribution system in the 
northwest region of the Pixley Irrigation Disstrict 
to prevent major channel losses and allow for 
effecient delivery of water 

Drought, 
Recharge, water 

supply 

Pixley Irrigation 
District 

SCADA system 
expansion / 

upgrades 

Update and expand the existing SCADA system 
within the irrigation district to help facilitate more 
efficient operations. 

Water Supply, 
Climate Change 

Pixley Irrigation 
District GSP Development Prepare initial GSP technical data and report SGMA 

Tea Pot Dome 
Water District 

Meter Upgrade / 
Replacement  

Program 

Upgrade / Replace water meters to more 
accurately measure water consumption within 
the district.  

SGMA, Water 
Demand 

Tea Pot Dome 
Water District 

Efficiency 
Improvements  

Install Variable frequency drives at 3 pumping 
stations to increase energy effeciency.  

Water Supply, 
Climate Change 

Tea Pot Dome 
Water District 

Supplemental 
Solar Power 

Program 

Implement solar projects to supply power to 
pumping plant sites. Climate Change 

Tea Pot Dome 
Water District 

SCADA system 
expansion / 

upgrade. 

Expand and upgrade existing SCADA system to 
better manage water distribution and treatment 
equipment.  

Water Supply, 
Recharge  

Tri-County 
Water Authority GSP Development Prepare initial GSP technical data and report SGMA 
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Submitting 
Agency Project Name Project Description Summary Category 

Tri-County 
Water Authority 

Flow Meter 
Installation 

Incentive Project 

Utilize grant funding to incentivize and encourage 
agricultural and domestic well operators to install 
flow meters which will enhance groundwater 
resource management and to improve 
groundwater extraction data collection which will 
be used by Tri-County Water Authority, a SGMA 
Groundwater Sustainability Agency, in the 
development and implementation of its 
Groundwater Sustainability Plan. 

SGMA, Water 
Supply 

Tri-County 
Water Authority 
& Angiola Water 

District 

Infiltration Well 
and Direct 

Recharge Pilot 
Program 

Develop an infiltration well and recharge test 
system pilot protocol and study the feasibility of 
groundwater recharge in the southwest area of 
the Tule sub-basin. 

Recharge, 
Drought 

Terra Bella 
Irrigation District 

& Saucelito 
Irrigation District 

Expand DCTRA 
Sinking Basins Expand the current DCTRA sinking basins Recharge, 

Drought 

Porterville 
Irrigation District 

Pump Distribution 
System on Poplar 

Develop a pumped distribution system from 
Friant Kern Canal east 

Water Supply, 
SGMA, Drought 

Vandalia Water 
District 

Stormwater Runoff 
Basin Upgrades 

Upgrade the stormwater basins to capture runoff 
and prevent erosion Recharge 

Tule River Basin 
IRWM 

Stormwater 
Management Plan 

Develop a Tule River Basin-wide Stormwater 
Management Plan 

Recharge, 
SGMA, Drought 
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Section H – Plan Benefits and Impacts 
 
 
H.1 Introduction 
 
This section contains a significant level of discussion of the benefits and impacts of plan implementation 
to help stakeholders understand the potential benefits and impacts of implementing the IRWM Plan.  
This section uses two methods to examine the benefits and impacts associated with IRWMP 
implementation. The first involves consideration of the IRWM Plan’s overall goals and objectives in 
relation to Resource management strategies. The second involves discussion of the benefits and impacts 
of IRWMP implementation in consideration of the following: 
 

• Greenhouse Gas Emissions 
• Climate Change 
• Disadvantaged and Tribal Communities 
• Other Resources 
• Adjacent IRWMP Regions 

 
 
H.2 Consideration of Goals and Objectives  
 
The purpose of implementation of the IRWMP is to provide benefits that support and achieve the overall 
IRWMP vision, goals, and Objectives of the Tule River Basin area. Benefits will be accomplished through 
comprehensive management of water resources in a practical, cost effective, and responsible manner. 
The following table describes the potential benefits and impacts associated with implementation of the 
IRWMP Goals.  
 

Table H-1. Benefits and Impacts of Resource Management Strategies 
 

Strategy Benefits Impacts 

Agricultural 
Water Efficiency 

• Redirect supply 
• Reduced application cost 
• More efficient use of chemicals 
• Reduced subsurface drainage 
• Protection of water quality 

• Reduced groundwater recharge 
• Lost revenue if usage based 
• Causes operational changes 
• Irrigation hardware needed 
• Hardware maintenance Irrigator 

training requirements 
• Reduction of spills 

Urban Water 
Efficiency 

• Redirect supply 
• Reduced supply/distribution 

Costs 
• Reduced home chemical use 
• Delayed capital costs 
• Protection of water quality 
• Reduced energy use 

• Causes operational changes 
• Lost revenue if usage based 
• Inconvenient watering times 
• Creates hard demand that reduces 

opportunities for drought response 
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Strategy Benefits Impacts 
• Reduced groundwater 

overdraft 
• Reduced wastewater 

production 

Conveyance – 
Regional/local 

• Maintain water rights 
• Conjunctive use 
• Improved water quality 
• Increased flood control 
• capabilities 
• Deliver surface water to areas 
• that use only groundwater 

• Increased use of facilities 
• Shortened maintenance periods 
• Increased costs for larger 
• facilities 

Water Transfers 

• Efficient use of surface supplies 
• Revenue generation 
• Groundwater recharge 
• Agricultural sustainability 

• Loss of annual local water supply 
• Groundwater mining 
• Environmental impacts 

Conjunctive 
Management 

and 
Groundwater 

Storage 

• Dry year supply 
• Extends use of existing basin 
• capacity 
• Overdraft reduction 
• Improved water supply 

reliability 
• Groundwater recharge 
• Improved groundwater 

management 
• Water quality improvement 
• Reduction in flood impacts 

• Increased pumping costs compared to 
surface water 

• Litigation challenges 
• Increased data collection needs and 

costs 
• Uncertainty of facility impacts to 

neighbors 
• Facility capital costs 
• Land use changes for facilities 

Precipitation 
Enhancement 

• Quick project development 
• Increase in water supply 
• Power development 

• Accuracy of location and 
• timing 

Recycled 
Municipal Water 

• Reliable supply 
• Improved water quality 
• Allows for development 
• Drought resistant supply 

• Increased operations and maintenance 
cost 

• Public acceptance 
• Water quality concerns with microbial 

contaminants, salinity, heavy metals 
and pharmaceuticals 

Surface Storage 
- Regional/Local 

• Water supply reliability and 
• augmentation 
• Flood control 
• Hydroelectric power generation 
• Recreation 
• Sediment transport 

management 

• Permitting requirements 
• Environmental mitigation 
• Cost 
• Limited sites available 
• Failure impacts 
• Beneficiary determination 
• Property tax losses 
• Habitat losses 
• Operational control 
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Strategy Benefits Impacts 

Drinking Water 
Treatment and 

Distribution 

• Protect public health 
• Maintain regulatory compliance 
• Regionalization/Consolidation 

of facilities 

• Increased O&M costs 
• Increasingly stringent 
• regulations 

Groundwater 
Remediation/ 

Aquifer 
Remediation 

• Contamination spread abated 
• Protect public health 
• Maintain regulatory compliance 
• Avoided costs of purchasing 

additional supply 

• Costly 
• Highly trained operations staff 
• Public perception/acceptance of 

treated water 

Matching 
Quality to Use 

• Best use of available local water 
supplies 

• Most economical choice 
• Treatment avoided or limited 

• Possible environmental impacts 
• Infrastructure costs 
• Conveyance costs 

Pollution 
Prevention 

• Improved water quality 
• Consistent with antidegradation 

policies 
• More cost effective than “end 

of the pipe” treatment 

• Increased regulations 
• Increased costs 
• Increased management needs 
• Increased monitoring costs 

Urban Runoff 
Management 

• Water source for local recharge 
• Improve flood protection 
• Reduce surface water pollution 
• Minimize soil erosion and 

sedimentation problems 
• Local resource from waters 

historically lost to an area 
• Mimic natural hydrologic Cycles 

 
 
 
 
 

• Cost to treat and manage runoff 
• Increased cost to urban 
• developments 
• Vector breeding 
• Groundwater contamination potential 

Flood Risk 
Management 

• Enhanced flood protection 
• Reduce risk to lives and 

property 
• Recharge possible if captured 
• Riparian habitat improvements 
• Possible floodplain restoration 

• Structural approaches are costly 
• Permitting requirements involved 
• Long term ongoing maintenance of 

facilities 
• Emergency response planning required 
• Planning may limit development in 

some areas 
• Revisions to flood insurance mapping 

Agricultural 
Lands 

Stewardship 

• Reduces pressure to 
agricultural 

• lands from urban development 
• Increased economic viability for 

agricultural lands 
• Habitat improvement 

• Conservation easement costs 
• Cost to implement BMPs 
• Reduction in tax base 
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Strategy Benefits Impacts 
• Encourages agricultural 

practices which also benefit 
environmental and restoration 
concerns 

Economic 
Incentives 

(Loans, Grants 
and Water 

Pricing) 

• Decreased costs for grant 
recipients 

• Reduced wait for needed 
infrastructure 

• Reduction in water demand 
from water pricing structures 

• Burdensome application processes 
• Increased federal or state directives in 

local issues 
• Increased administrative costs 
• Funding is intermittent 

Ecosystem 
Restoration 

• General quality of life increase 
• Protection and enhancement of 

fish and wildlife resources 
• Species recovery 

• Increased short term costs to goods 
and services 

• Water supply loss 

Land Use 
Planning and 
Management 

• Improved communication 
among different agencies 

• Proper planning helps ensure 
new developments have 
reliable and sufficient water 
supplies 

• Potential for reduced water 
demands based on 
development designs 

• Opportunities to reduce 
flooding and increase recharge 

• Difficulty in getting some land and 
water use planners to cooperate 

• Increased costs to coordinate efforts 

Watershed 
Management 

• Community level solutions 
• Water quality improvement 
• Protection of local water rights 
• Flow attenuation 

• Difficulty of diverse stakeholders 
working together 

Crop Idling for 
Water Transfers 

• Drought water supply reliability 
• Stable farm income in water 

short years 

• Introduction of wildlife, weeds, pests 
and trash dumping to the area 

• Changes to local community way of life 

Irrigated Land 
Retirement 

• Generation of stable water 
supplies 

• Reduction in agricultural 
drainage to an area 

• Taxpayer burden of land cost 
• Increased management costs of 

government owned retired lands 
• Lower income and higher 

unemployment 
• Growth inducement 
• Security needs 
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H.3 Consideration of Greenhouse Gas Emissions in Project Benefits/Impacts 
Analysis 
 
Climate change mitigation can be achieved by reducing energy demands, improving energy efficiency and 
carbon sequestration. These will help to reduce greenhouse gas (GHG) concentrations in the atmosphere. 
Climate change mitigation will require global cooperation, but the Regional Water Management Group 
supports reasonable efforts to make their own local contribution. As a result, it has been determined to 
consider impacts to GHG when selecting and prioritizing projects. This criterion will generally be a lower 
priority than water supply or water quality, but it is still considered an applicable criteria. When projects 
are reviewed and prioritized the project proponents will need to address the following: 
 

1. Will this project increase greenhouse gas emissions? If yes, explain how and quantify; and 
2. Will this project result in reduced greenhouse gas emissions? If yes, explain how and quantify. 

  
 
H.4 Consideration of Climate Change in Benefits/Impact Analysis 
 
Climate change has the potential to cause adverse effects on the region, including changes in the timing 
and amount of precipitation, increased evaporation and transpiration from higher temperatures, 
increased frequency of droughts and floods, reduction in water quality, increased wildfires and increased 
presence of certain pests. Developing projects that can address these issues is a desired goal. When 
projects are reviewed and prioritized, their contribution to addressing climate change will be considered. 
In particular, project proponents will need to address the following: 
 

1. Will the proposed project reduce vulnerability to anticipated impacts from climate change? If yes, 
explain and quantify 

2. Will the proposed project help the IRWM Planning Area to adapt to climate change impacts, or 
increase resiliency to climate change impacts? If yes, explain and quantify 

3. Will the proposed project help to increase the region’s understanding of climate change impacts 
and local vulnerabilities? If yes, please explain. 

 
 
H.5 Consideration of DACs and Tribal Communities in Benefits/Impacts Analysis 
 
Projects to implement the IRWM Plan can have unanticipated effects on DAC’s and Tribal Communities. 
Because of this, it is important to consider impacts and benefits to DAC’s and Tribal Communities during 
both the planning and project implementation process.  
 
The majority of communities within the IRWM planning area would be considered economically 
disadvantaged. Evaluating the benefits and impacts that water management projects may have on these 
communities is essential to establishing social equity and maintaining regional vitality.  
 
The Tule River Tribe is the only Tribal community in proximity to the IRWM planning area. The Tule River 
Tribal reservation is located upstream from the IRWM planning area and is entirely outside of the IRWMP 
boundary. Although the reservation is located outside of the IRWM planning area, it is important to 
recognize the potential impacts that water management projects may have on the reservation and the 
cultural resources of Tribal communities.  
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Steps have been taken in recent years to foster engagement between all parties within the Tule River 
Basin, including tribal and environmental justice representatives, in the IRWMP development and 
improvement process. Multiple parties with specific DAC ties have a voting seat on the IRWM 
Stakeholders Advisory Group and can actively participate at the IRWM Plan governance and policy 
development levels. Specific benefits accrue to all participants as a result of the engagement of these 
stakeholders and representatives including the following: 
 

• Forum for discussion – The IRWM process provides an opportunity for DAC, environmental justice 
and tribal stakeholders and representatives to discuss water management issues, including 
problems, concerns and priorities. It also allows for DAC – non DAC project coordination; 

• Creation of and dissemination of information – the opportunity to develop and/or share 
information is facilitated by meetings of DAC/EJ stakeholders and representatives and water 
management professionals in the IRWM setting. Opportunity to interface with state and county 
regulators is also facilitated. Meetings are conducted pursuant to Brown Act regulations and 
minutes are taken and kept; and  

• Funding opportunities – The forum created by the IRWM Plan process offers specific opportunity 
to access information regarding funding to be provided and further offers unique opportunity to 
coordinate projects otherwise difficult to tie together. The DCTRA IRWM Plan offers special 
opportunity for participation for DACs, including opportunity for advanced and technical planning 
assistance for designated projects. 

 
Projects will be evaluated based on their benefits and impacts to tribal and disadvantaged communities. 
In particular, project proponents will need to address the following: 
 

1. Does the proposed project include sufficient outreach effort to engage tribal and disadvantaged 
communities? 

2. Will the proposed project address concerns expressed by tribal and/or disadvantaged 
communities? 

3. Will the proposed project ultimately provide specific benefits to critical water issues for Native 
American Tribal communities? 

4. Will the proposed project promote environmental justice? 
 
 
H.6 Consideration of Other Resources in Benefit/Impacts Analysis 
 
Implementation of the IRWMP will result in benefits and impacts to other resources that are not the focus 
of this document. For this reason, the IRWM Plan sets forth a minimum set of resource-specific impacts 
which must be considered prior to project development and evaluation. These areas of potential impact 
must be evaluated must be evaluated for every water management project. Some elements may be 
covered by CEQA analysis required for the project. The following resources identified by the Stakeholders 
Advisory Group are anticipated to be evaluated prior to project implementation.  
 

1. Aesthetic/visual resources;  
2. Agricultural resources;  
3. Air quality;  
4. Biological resources;  
5. Cultural resources;  
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6. Environmental Justice/Disadvantaged Communities;  
7. Geology and soils;  
8. Hazards and hazardous materials;  
9. Hydrology and water quality;  
10. Land use and planning;  
11. Noise; Population and housing;  
12. Public services; Recreation;  
13. Transportation and circulation; and  
14. Utilities/service systems. 

 
These topics can be addressed in either the required technical report associated with the project, or in a 
separate dedicated document. If sufficient reference is supplied, each of these topics can be addressed in 
the project’s environmental document(s). 
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Section I – Plan Performance and Monitoring 
 

 
I.1 Introduction 
 
This Section defines the Plan Performance and Monitoring Strategy. The IRWM Plan legislation and 2016 
IRWMP standards require that IRWM Plans include performance measures and a monitoring program to 
document progress towards IRWM Plan Objectives, and methodologies to evaluate the implementation 
of projects and adjust the IRWMP when new information or resources become available.  
 
The purpose of the Plan Performance and Monitoring strategy is to document how the IRWM Plan 
Objectives are to be measured and how the projects will be overseen and evaluated in order to ensure 
the anticipated IRWM Plan objectives are being met. This section also describes the method to report the 
Tule River Basin Region’s progress in meeting the objectives and implementing projects. 
 
Performance measures and monitoring methods are developed and used to evaluate the overall progress 
in meeting each objective. The results of the performance and monitoring effort will be used by the 
District, referred to as lead agency, to measure and track success, prepare progress reports to the RWMG, 
and present IRWM Plan results to public and stakeholders to maintain and gain further support for the 
IRWM Plan. These processes are described in more detail below.  
 
The Lead Agency is responsible for:  
 

• IRWM Plan implementation, evaluation, and monitoring the overall performance in meeting the 
Goals and Objectives  

• Reaching out to local stakeholders of each Sub-Region and update the Sub-Region Priorities  
• Annually evaluating the performance for implementing projects that contribute to meeting the 

overall Goals and Objectives  
• Tracking all project sponsors, including aggregating reports of specific projects performance, and 

monitoring  
• Budgeting resources to ensure the monitoring efforts are affordable given the limited resources 

of the project sponsors and lead agency  
 
The annual review by the RWMG contributes to an adaptive management strategy that will help guide 
changes to the IRWM Plan in the future. It will be used to facilitate discussion of “lessons learned” from 
project-specific monitoring efforts. IRWM Plans should be adjusted annually in response to monitoring 
results and as more effects of Climate Change manifest, new tools are developed, and new information 
becomes available.  
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I.2 Performance Measures and Monitoring Methods 
 
Measurement methods have been developed to evaluate IRWM Plan performance measures for the 
objectives presented in Section E. Section E provides a qualitative and/or quantitative performance 
measure to assess each of the IRWM Plan Objectives. For the purposes of this section, the measures have 
been combined in one column in the table below. The monitoring methodology for each objective has 
been added.  
 
These measurement methods should be updated as new tools are developed and new information 
becomes available. The results of the performance and monitoring effort will be used by the District, 
referred to as lead agency, to measure and track success, prepare progress reports to the RWMG, and 
present IRWM Plan results to public and stakeholders to maintain and gain further support for the IRWM 
Plan.  
 

Table I-1. Table displaying performance measures and monitoring methods to evaluate objectives. 
 

Objectives Performance Measures Monitoring Methods 

1. Conserve, enhance 
and regenerate 
riparian habitats 

Increasing number of acres 
preserved for ecosystem 
restoration and/or preservation. 
 
Increasing number of acres of 
healthy or improved natural 
recharge areas associated with 
riparian corridors. 

Create list of new projects and 
opportunities and any specific 
species benefits. Report on status of 
maintenance of existing inventory of 
riparian habitat 

2. Conserve and 
restore native 
species and related 
habitats 

Increasing number of acres 
preserved or restored for native 
species and their related habitats 

Report status of current protection 
and restoration efforts. Report as to 
new facilities opportunities and 
development of project related 
benefits 

3. Protect Water 
Resources that are 
critical to Native 
American Tribal 
Communities 

Decreasing number of comments 
or complaints from tribal 
communities regarding loss, or 
potential loss, of quality or quantity 
of their water supplies. 

Report evaluation efforts and 
conclusions from tribal communities 
related to water resources.  Report 
on actions taken in response to 
tribal community outreach. 
 
Evaluate projects based on their 
potential benefit to critical water 
issues of tribal communities 
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Objectives Performance Measures Monitoring Methods 

4. Evaluate and modify 
water diversion and 
conveyance 
infrastructure 

Increasing improvement in existing 
water diversion and conveyance 
infrastructure 
 
Increasing number of studies to 
evaluate functionality and 
sustainability of existing water 
diversion and conveyance 
infrastructure. 
 
Increasing number of miles of 
water diversion and conveyance 
infrastructure 

Report on project planning, design 
and construction activities 

5. Protect and improve 
water resources 
through land use 
practices 

Increasing level of management 
over land use practices to prevent 
impacts to water resources. 

Report efforts, successes and 
failures relative to efforts associated 
with land use policy development 
and implementation as those 
policies effect water resource 
planning and implementation 

6. Meet applicable 
Regional Water 
Quality Control 
Board Basin Plan 
objectives 

Increase in the overall level of 
management and governance 
through adopted Basin 
Management Plans. 

Report specific IRWM Participant 
successes in planning and/or 
implementation of water resource 
related projects. Report failures 
within the Tule Basin to meet the 
Basin Plan objectives and if a 
Participant project would have a 
beneficial impact on the cause of the 
failure 

7. Management of 
recreational 
activities to 
minimize impacts on 
water resources 

Increasing number of programs 
with the intent to minimize 
recreation related water resource 
impacts 

Report recent test results indicating 
presence/absence of impacts and 
educational efforts undertaken to 
reduce impacts 

8. Promote city, 
community and 
regional storm water 
management plans 

Decrease the number of 
communities without a Storm 
Water Management Plan 
(Objective = 0) 

Report modifications to existing 
plans and any new plans designed to 
meet the goals of this objective 

9. Evaluate and 
promote strategies 
to reduce arsenic, 
nitrate, and 
perchlorate 
contamination to 
levels below 
maximum 
contamination level. 

Decreasing arsenic, nitrate, and 
perchlorate levels. 

Report data collected, observed 
trends, recognized impacts and 
areas requiring additional mitigation 
regarding arsenic, nitrate, and 
perchlorate contamination. 
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Objectives Performance Measures Monitoring Methods 

10. Increase Monitoring 
and Promote 
Research Programs 
to Better 
Understand the 
Effects of Climate 
Change on 
Ecosystems in the 
Region 

Increasing number of 
projects/programs to 
study/monitor the effects of 
climate change on ecosystems in 
the region 

Report data collected, observed 
trends, recognized impacts and 
areas requiring additional mitigation 
regarding climate change impacts on 
ecosystems in the region 

11. Plan for Potential 
Regional Impacts of 
Climate Change on 
Water Quantity and 
Quality 

Increasing number of 
projects/programs intended to 
increase regional resiliency with 
regard to climate change impacts 
on water quantity and water 
quality 

Report data collected and evaluation 
of changes needed to address 
impacts that are other than those 
projected to occur 

12. Identify and 
promote strategies 
for hydroelectric 
generation facilities 

Increase the number of 
Hydroelectric generation facilities 
within the Region 

Report on planning, design and 
implementation efforts related to 
new hydroelectric generation 
facilities 

13. Optimize efficient 
use, conservation 
and recycling of 
water resources 

Increase number of 
projects/programs related to water 
conservation and recycling 

Report data collected and evaluate 
changes in Tule Basin water 
conditions and approaches to use, 
conservation and recycling 

14. Increase knowledge 
regarding 
groundwater 
conditions and 
establish 
groundwater 
management 
practices 

Existence of public education 
programs for groundwater 
management efforts to promote 
them 

Report data collected, observed 
trends, recognized impacts and 
areas requiring additional policy 
direction and/or project 
development 

15. Reduce impacts and 
optimize benefits 
from assisting other 
drought related 
areas with Basin-to-
Basin transfers of 
water 

Existence of adequate facilities to 
give and accept basin-to-basin 
transfers of water. 

Report efforts undertaken to 
facilitate Basin-to- Basin transfers. 
Report on status of return 
obligations related to prior 
assistance transfers 
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I.2.1 Evaluation of Capacity to Evaluate and Implement Projects 
 
The project development process, culminating in project evaluation using the adopted criteria and scoring 
system currently in place, is designed to be periodically reviewed. This review process includes not only 
the response of the scoring criteria and scoring system to funding offer guidelines, but also with respect 
to the quality of the projects being proposed and, most importantly from an IRWMP perspective, the 
degree to which efforts were undertaken to integrate projects together for improved efficiencies, reduced 
capital and operation and maintenance costs, or both. It remains to be determined by the Board of 
Directors of DCTRA as to whether this evaluation will be placed on a routine calendar schedule, similar to 
other plan review processes which are in place within DCTRA, or will remain on an “as-needed” basis. 
 
 
I.2.2 Project-Level Performance and Monitoring Plan 
  
The project sponsor is responsible for development of the project and for developing the monitoring and 
reporting program(s) necessary to define the degree of satisfaction of intended project goals. The project 
sponsor is also responsible to convey such information to the IRWM RWMG and Stakeholders Advisory 
Group as is necessary to clearly define project benefits and required progress as against pre-agreed to 
benchmarks. 
 
 
Project Monitoring Elements 
 
The following sets forth the established minimum elements of a project monitoring and reporting 
program. The final project monitoring and reporting program is to be submitted to the DCTRA prior to 
completion of construction and disbursement of the final funds due pursuant to any applicable funding 
agreement. The elements are as follows: 
 

1. Project description including a narrative description of the project site(s); 
2. Project location including GPS coordinates and location map; 
3. IRWM Plan objective(s) targeted; 
4. Workplan including a detailed division of project elements; 
5. Schedule including construction start and completion dates and applicable permit elements; 
6. Description of operation & maintenance elements and issues related to optimum 

implementation; 
7. Quantify costs and identify funding opportunities for construction elements, operation & 

maintenance elements and oversight reporting elements; 
8. Desired goals described in sufficient detail to allow for use as benchmark against which to 

measure success; 
9. Monitoring elements including: 

a. CEQA/NEPA mitigation elements; 
b. General monitoring categories: 

i. Rates and quantities of flow; 
ii. Water quality parameters; 

iii. Depths to groundwater; 
iv. Flood frequency; 
v. Habitat Development; 

vi. Species inventory; and 
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vii. Operation & maintenance activities; and 
c. Frequency of monitoring and reporting activities; 

10. Data management; 
11. Responsible parties; and 
12. Conclusions and observations. 

 
 
Project Reporting Elements 
 
The reporting element shall be sufficient in content to allow for the following information to be 
conveyed: 
(1) Satisfaction of IRWM Plan objective(s); 
(2) Success of project against benchmark goal(s); 
(3) Financing goals achieved; 
(4) Budget compliance; and 
(5) Satisfaction of operation & maintenance requirements. 
 
 
Monitoring Period 

 
The project proponent shall submit to the RWMG an outside target time period for conclusion of 
monitoring and reporting activities. In no case shall such time period be less than five (5) years. In the 
event of lack of agreement with respect to said time period, the default shall be to have same established 
by the Director of the Department of Water Resources. 
 
 
 



 

 

 

 

 

 

  Section J 

Data Management 
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Section J – Data Management  
 
 
J.1 Introduction 
 
Data management is a regional effort amongst stakeholders to measure and report accurate information. 
Data Management plays a significant role in the implementation the IRWM Plan. Data management 
includes all activities that further the knowledge and ability to describe the Tule River Basin region (see 
Section C – Region Description), to capture changes in the region over time, and to monitor Plan 
performance. As an activity of the IRWM Plan implementation, the RWMG understands the importance 
of data management when used for assessing progress in water resources management and reporting 
progress of management activities to the region’s stakeholders.  
 
This section of the IRWM Plan is developed to address the Data Management Standards of the California 
Department of Water Resources’ Guidelines for Integrated Regional Water Management Plans, dated July 
2016. According to these standards an IRWM Plan must: 
 
 
 
 
 
 
 
 
 
 
 
 
 
The guidelines also provide an overview of the minimum requirements for the Data Management 
Section of an IRWM Plan: 
 

1. A brief overview of the data needs within the IRWM region 
2. A description of typical data collection techniques 
3. A description of how stakeholders contribute data to DMS 
4. The entity responsible for maintaining data in the DMS 
5. A description of the validation or quality assurance/quality control measures that will be 

implemented by the RWMG for data generated and submitted for inclusion into the DMS 
6. An explanation of how data collected for IRWM project implementation will be transferred or 

shared between members of the RWMG and other interested parties throughout the IRWM 
region, including local, State, and federal agencies  

7. An explanation of how the DMS supports the RWMG’s efforts to share collected data  
8. An outline of how the data saved in the DMS will be distributed and remain compatible with 

State databases including CEDEN, Water Data Library (WDL), and CASGEM. 
 

“describe the process of data collection, storage, and dissemination to 
IRWM participants, stakeholders, the public, and the State. Data in this 
standard may include, but is not limited to technical information such as 
designs, feasibility studies, reports, and information gathered for a specific 
project in any phase of development including the planning, design, 
construction, operation, and monitoring of a project.” 
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J.2 Data Needs within the IRWM Region 
 
A variety of high quality data is needed to adequately manage and monitor water resources on a regional 
scale. This section will describe the data needed, the source of the data, how it is collected, and it’s 
applicability for upload to a state or federal database system.  The most significant statewide databases 
pertaining to water management planning include: 
 

• California Environmental Data Exchange Network – CEDEN is a network designed to facilitate 
integration and sharing of environmental data collected by a variety of participants. Templates to 
submit data to CEDEN are available on the CEDEN website: http://www.ceden.org. 

• Water Data Library (WDL) – The Department of Water Resources maintains the State’s WDL which 
stores data from various monitoring stations. A variety of data is available in the WDL, including 
groundwater level wells, water quality stations, surface water stage and flow sites, 
rainfall/climate observers, and well logs. Information regarding the WDL can be found at: 
http://wdl.water.ca.gov/. 

• California Statewide Groundwater Elevation Monitoring Program – Water Code §10920 et seq. 
establishes a groundwater monitoring program requiring the monitoring and reporting of 
groundwater elevations in all or part of a basin or sub-basin. Requirements of the CASGEM 
Program can be found at the following link: http://www.water.ca.gov/groundwater/casgem/. 

• Surface Water Ambient Monitoring Program –The State Water Resources Control Board enforces 
and establishes standards for SWAMP. Under SWAMP, any group collecting or monitoring surface 
water quality data, using funds from Propositions 13, 40, 50, 84 and 1 must report such data to 
the SWAMP database. More information on SWAMP is available at the following link: 
http://www.swrcb.ca.gov/water_issues/programs/swamp. 

• Groundwater Ambient Monitoring and Assessment program – The Groundwater Ambient 
Monitoring and Assessment (GAMA) Program is a groundwater quality monitoring program 
established by the State Water Resources Control Board. The stated mission of GAMA is to 
“provide data, information, and tools to enable the public and decision makers to better assess 
groundwater quality and quantity.  

 
 
J.3 Current Data Programs and Data Collection Techniques 
 
J.3.1 Groundwater Elevations 
 
Data on groundwater levels are used to evaluate groundwater movement and storage conditions. 
Groundwater contour maps showing lines of equal elevation of the groundwater surface indicate the 
direction of groundwater movement and also can be used to develop estimates of groundwater flow 
entering or leaving the management area. Maps of depth to groundwater can provide insight into the 
distribution of pumping lifts and resultant energy cost for extraction. Maps showing changes in 
groundwater levels, when used in conjunction with data on specific yield, can also be used to estimate 
changes in groundwater storage.  
 
The member districts of the DCTRA regularly measure groundwater levels in approximately 300 wells. 
These wells are shown on Appendix F: Well Location Map. Measurements are taken twice a year, once in 
the Spring (February) and again in the Fall (October). The current monitoring networks will be maintained 
or enhanced to assure the availability of sufficient data for the preparation of groundwater level and depth 

http://www.ceden.org/
http://www.ceden.org/
http://wdl.water.ca.gov/
http://wdl.water.ca.gov/
http://www.water.ca.gov/groundwater/casgem/
http://www.water.ca.gov/groundwater/casgem/
http://www.swrcb.ca.gov/water_issues/programs/swamp
http://www.swrcb.ca.gov/water_issues/programs/swamp
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contour maps. Measurement of groundwater levels will continue to be performed twice a year in order 
to show seasonal variations.  
 
In addition to the wells measured by the DCTRA members, additional groundwater data is collected from 
readily available sources such as the Tulare County and the Department of Water Resources. Although 
this data does not have the consistency and standardization of the wells measured by the member 
districts, this data is used for analyzing overall trends in groundwater levels. The DCTRA Annual Report 
summarizes both the historical and current groundwater trends within the Basin, based upon data 
collected and made available each year. 
 
 
J.3.2 Stream Flow 
 
Stream flow data is used to evaluate surface water supplies and support flood protection activities. The 
two major streams in the region are Deer Creek and the Tule River. Both streams are monitored by USGS 
through the USGS National Streamflow Information Program (NSIP), which operates and maintains 
approximately 7,500 stream gauges. The data provided by these gauges is accurate and unbiased.  
USGS stream gauges are located at the outlets of both Deer Creek and the Tule River and measure 
streamflow from their respective accounting units in real time. Measurements are often made by depth 
and flow using a staff gauge and known relationship between water depth and channel flow.  
 
 
J.3.3 Precipitation, Weather, and Climate Change 
 
Precipitation and weather data is used to evaluate water supply, flood risk, evapotranspiration rate, and 
agricultural applied water demand. Precipitation and weather data is collected through the California 
Irrigation Management Information System (CIMIS), which is a program under the California Department 
of Water Resources. The CIMIS program consists of a network of over 145 automated weather stations in 
California. CIMIS weather stations collect and report precipitation and climate data on a minute-by-
minute basis and are considered to be highly accurate. The IRWMP area contains one CIMIS station, which 
is located approximately one mile east of the City of Porterville.  
 
Climate Change projections for the region were taken from Cal-Adapt, a web-based climate adaption 
planning tool under the California Energy Commission. This report utilized information on projected 
wildfire risk, annual high temperature, and inches of precipitation per decade. More detailed information 
regarding the use of this data is available in Section L – Technical Analysis. Although all climate projections 
have a degree of uncertainty, data presented in Cal-Adapt represents the best science available to predict 
local climate change impacts.  
 
 
J.3.4 Reservoir Storage and Release Flows 
 
Success Reservoir is the primary water reservoir related to the IRWMP region and provides flood control 
and surface water storage to the IRWMP region. Success Reservoir controls run-off from snow melt and 
precipitation during the flood season. After the flood season, the captured run-off can be released to 
satisfy the water demands of downstream districts.   
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The U.S. Army Corps of Engineers owns and operates Success Reservoir and is agency responsible for 
measuring storage capacity and monitoring surface water levels and release flows. Reservoir storage is 
usually calculated based on the depth at the dam or discharge point. Release flows are measured through 
flow depth or flow meters in discharge pipelines. Surface water levels and release flows are measured 
daily and the data is considered to be highly reliable.  
 
 
J.3.5 Point and Non-Point Pollution Discharge 
 
As authorized by the Clean Water Act, the National Pollutant Discharge Elimination System (NPDES) 
requires all persons or agencies discharging pollutants from a point source into any waters of the united 
states to obtain a NPDES permit or a Waste Discharge Requirement from the Regional Water Quality 
Control Board (RWQCB). Permit holders must monitor and report on the following discharge parameters: 
 

• Flow  
• Pollutants listed in the terms of the permit conditions  
• Pollutants that could have a significant impact on the quality of the receiving streams  
• Pollutants specified as subject to monitoring by EPA regulations  
• Other pollutants for which the EPA requests monitoring in writing  

 
Each of these monitoring parameters must be measured at the frequency specified in the NPDES permit, 
WDR, or at intervals sufficiently frequent to yield data that would characterize the nature of the discharge. 
EPA conducts inspections of facilities subject to the regulations to determine compliance.  
 
 
J.3.6 Groundwater Quality 
 
Monitoring of groundwater quality provides the information required to determine the suitability of 
groundwater for various beneficial uses. Compiled groundwater quality data for the Plan area does not 
currently exist. The DCTRA participants will develop protocols to obtain groundwater quality data from 
readily available regulatory agencies that collect this data from domestic water providers, farmers, and 
dairies. Currently data from the community water systems within the basin is collected through the 
Consumer Confidence Reports. Other additional data that is readily available will be analyzed and 
reported within the Annual Report each year.  
 
The sampling of the DCTRA participant wells will be expanded, if needed, to provide sufficient data to 
allow identification of areas where water quality is of concern. Supplemental sampling may also be 
performed to better define localized areas of impaired water quality. Testing will typically include 
standard agricultural type analysis, but may also include additional constituents as required. The current 
strategy is to continue to find other sources of readily available data to begin monitoring yearly trends in 
groundwater quality throughout the Basin. 
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J.3.7 Surface Water Quality 
 
Water Quality measurements in surface waters assess environmental and human health risks over time. 
The IRWMP region has three main sources of surface water supply, the Tule River, Deer Creek, and the 
Central Valley Project. Imported surface water from the Central Valley Project generally originates in the 
San Joaquin River watershed (Friant-Kern Canal). The Friant-Kern Canal is monitored annually by 
Reclamation District 770, and by the Terra Bella Irrigation District at irregular intervals.  
 
Tule River and Deer Creek are local surface water sources and their quality is monitored by several 
agencies. The Tule River is monitored annually by Reclamation District 770 and seasonally by the Tule 
River Association. The San Joaquin Valley Water Quality Coalition monitors both the Tule River and Deer 
Creek at irregular intervals through an ILRP Waiver Program.  
 
 
J.3.8 Land Use and Population 
 
Land use monitoring refers to the deliberate action of collecting data on land use over time as part of an 
overall effort to understand the region and what changes might be affecting managed water resources. 
Local jurisdiction Planning departments and the State Department of Finance harvest and create land use 
and population data for use in making land use policy decisions.  
 
Population data comes from U.S. Census data. Historical data is used to identify trends in population 
distribution. Population data is used to estimate future water demand and calculate per capita water use. 
 
 
J.3.9 Agricultural Water Demand 
 
Agricultural water demand is a major component of water management in the IRWMP area. Agricultural 
water demand values were taken from the Agricultural Water Management Plans of each district within 
the region.  Under the 2009 Water Conservation Act, agricultural water suppliers with more than 25,000 
irrigated acres are required to develop a water management plan. In doing so, each district calculates 
water demand using crop type, crop acreage, and precipitation/weather data.  
  
Because most wells within the region are privately owned, data on the actual quantity of water extracted 
is difficult to obtain. The values presented in Agricultural Water Management Plans represent 
approximate water demand based on all known factors.  
 
 
J.3.10 Urban Water Demand 
 
The primary source of data regarding urban water demand came from the Porterville Urban Water 
Management Plan, as the City of Porterville is the only urban water management planning area within the 
IRWMP boundary. This water management district is 100% metered, so the reported water use data is 
considered highly accurate. Water Meters are read monthly in normal water years and more frequently 
in drought years.  
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J.4 Regional Data Management System 
 
The DCTRA currently maintains a database in which is contained information necessary to support 
operating the numeric groundwater model and in preparation of the various reports which it currently 
publishes including the Annual Groundwater Management Reports, the annual update to and five-year 
Water Management Plans required under Friant Division, CVP member units’ contracts with the U.S. 
Bureau of Reclamation and publication of the various reports associated with the Tule River Association. 
The following data is contained and maintained in the regional data management system: 
 

• Groundwater Levels 
• Groundwater Quality 
• Precipitation 
• Subsidence 
• Surface Water Quality 
• Surface Water Quantity 

 
In addition to this database, a complete water quality database related to surface water is maintained. 
Constituents monitored within that program are listed below. Both the contents of and the parameters 
contained within these databases are updated frequently. Water level information, for instance, is 
updated at least semiannually and water quality information is updated monthly, when flows are present 
at the monitoring locations. 
 

• Flow 
• EC 
• pH 
• Temperature 
• Dissolved Oxygen 
• TDS 
• Turbidity 
• Nitrate + Nitrate as N 
• Orthophosphate-P 
• Ammonia-N 
• Unionized Ammonia 
• TKN 
• Phosphorus 
• Arsenic 
• Boron 
• Cadmium 
• Copper 
• Lead 
• Nickel 
• Selenium 
• Zinc 
• Molybdenum 
• Hardness 
• Atrazine 

• Cyanazine 
• Simazine 
• Methamidophos 
• DDE 
• DDT 
• DDD 
• Dicofol 
• Dieldrin 
• Endrin 
• Aldicarb 
• Carbaryl 
• Carbofuran 
• Diuron 
• Linuron 
• Methiocarb 
• Methomyl 
• Oxyml 
• Azinphosmethyl 
• Methoxychlor 
• Chlorpyrifos 
• Demeton-S 
• Diazinon 
• Dichlorvos 
• Dimethoate 

• Disulfoton 
• Malathion 
• Methidathion 
• Parathion, methyl 
• Phorate 
• Phosmet 
• Glyphosate 
• Paraquat 
• Trifluralin 
• TSS 
• E. coli 
• Fecal Coliform 
• Toxicity, minnow 
• Toxicity, water flea 
• Toxicity, algea 
• Hyalella Azteca 
• Grain Size 
• Bifenthrin 
• Cyfluthrin 
• Cypermethrin 
• Esfenvalerate 
• Fenpropthrin 
• Lamba cyhalothrin 
• Permethrin
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J.4.1 Data Collection 
 
Data is generated from a number of sources. Those sources include the DCTRA itself, the Tule River 
Association, the Friant Water Authority, the Tule Basin Water Quality Coalition and numerous state and 
federal agencies with whom the DCTRA and its member units have cooperative data sharing agreements. 
In addition, the DCTRA has an informational sharing arrangement with both the County of Kings and the 
County of Tulare with respect to information available in both of their ArcView databases and, to a certain 
extent, in their AutoCAD databases. 
 
 
J.4.2 Database Maintenance  
 
At the current time, with the governance of the IRWMP residing with DCTRA, DCTRA assumes the 
responsibility and lead role position of maintaining their database. Transition is occurring between the 
DCTRA with respect to the maintenance of the water quality database. As acceptance of the Tule Basin 
Water Quality Coalition by the Regional Water Quality Control Board has occurred, the water quality 
database maintenance is now by said Coalition. In addition, this database will be expanded from its 
current format of being the repository for surface water quality data and will expand to include 
groundwater quality data. 

 
 

J.4.3 Data Sharing 
 
In addition to responding to Public Records Act requests, the DCTRA routinely shares all of its information 
with parties, upon request. Numerous requests for water level information, water management 
information and project related performance measurements are satisfied, upon request. 
 
 
J.4.4 Interface with State Database Systems 
 
Data is currently automatically uploaded to State databases such as the California Environmental 
Resources Evaluation System (CERES), to CEDEN, the Water Data Library (WDL), CASGEM, of which the 
DCTRA is a signator participant and the California Environmental Information Catalog (CEIC). Water quality 
data is currently entered into the Groundwater Ambient Monitoring and Assessment Program (GAMA) of 
the State Water Resources Control Board and into the Surface Water Ambient Monitoring Program 
(SWAMP) of the same agency. DCTRA member units have long transmitted both spring and summer 
groundwater elevation readings to the State Department of Water Resources, with additional readings 
now being introduced on a separate basis into the California Statewide Groundwater Elevation Monitoring 
Program (CASGEM). 
 
 
J.4.5 Quality Assurance/Quality Control Measures 
 
Quality assurance and quality control measures involve the proper collection of data in the field, and 
proper transfer of data as it is uploaded to electronic files and stored for future use. The data contained 
in the database is historical data that has been completed by industry groups, commodity groups, 
municipalities, and public utility districts within the Tule River Basin. The data has been collected and 
submitted at the level of quality required by regulatory agencies; therefor the data is considered to be 
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accurate and reliable. Additionally, DCTRA has developed data collection and inventory protocols and 
standards to increase consistency amongst users. These protocols are described below: 
 
 
Protocols to Ensure Accuracy of Groundwater Level Data 
 

• Perform all groundwater level measurements of the Plan wells in as short a time period as 
possible.  

• Perform semi-annual groundwater measurements at the same time of the year each year 
(February and October).  

• Document the measurement reference point for each well.  
• Document the date and time of each measurement.  
• Measure each well twice, or more if needed, until consistent results are obtained.  
• If there is reason to suspect groundwater contamination, water level measuring equipment 

should be decontaminated after the measurement. 
• Landowners will be contacted for permission to access their property for field measurement of 

their well(s). 
 
 
General Protocols for the Groundwater Quality Monitoring Program Include: 
  

• Adequate well pumping time prior to sample collection with documentation of stabilized 
parameters. 

• Proper sample containers, preservatives, and holding time. 
• Secure chain-of-custody procedures. 
• Testing shall be performed by an accredited, state-certified laboratory that uses proper quality 

control and quality assurance procedures. 
• Samples shall be given a quality assurance code, which represents the relative confidence in the 

sample.  
• Certain tests shall include spiked, duplicate and field-blank samples for comparison to genuine 

samples.  
• Proper handling procedures.  
• Documentation of all protocols and procedures that are used.  
• Uniform time of year for sampling.  
• Document the name, contact information, and qualifications of the individual taking the sample. 
• Landowners will be contacted for permission to access their property and sample the 

groundwater pumped from their well. 
 

Monitoring and reporting methods should be updated as better technology becomes available. This will 
ensure that the best available information is used when making water management decisions.  



 

 

 

 

 

 

  Section K 

Financing Strategies  
 

 

 

 

 

 





Tule River Basin Integrated Regional Water Management Plan 
Section K – Financing Strategies 

 
 

March 2019 K-1 

 
Section K – Financing Strategies 
 
 
K.1 Introduction 
 
2016 IRWM Program guidelines require financing to be considered for projects identified in an IRWM Plan. 
Under these guidelines, an IRWMP must include the following items related to financing: 
 

• List known, as well as, possible funding sources, programs, and grant opportunities for the 
development and ongoing funding of the IRWM Plan.  

• List the funding mechanisms, including water enterprise funds, rate structures, and private 
financing options, for projects that implement the IRWM Plan.  

• An explanation of the certainty and longevity of known or potential funding for the IRWM Plan 
and projects that implement the Plan.  

• An explanation of how operation and maintenance (O&M) costs for projects that implement the 
IRWM Plan would be covered and the certainty of operation and maintenance funding.  

 
This section will identify potential funding sources, assess the certainty and longevity of those funding 
sources, and provide and cost estimate for each of the IRWMP identified projects. 
 
 
K.2 Program-Level Funding Sources 
 
Implementation of the IRWM Plan relies upon RWMG members and stakeholders to provide in-kind 
support, financial support, and to obtain other revenue sources for the anticipated costs of plan 
implementation and ongoing activities of the RWMG. To date, the majority of funding activities directly 
related to the IRWMP have been born by the DCTRA. Organizational efforts and costs related to same 
associated with the Stakeholders Advisory Group have been at the call of KDWCD, with meetings being 
held at the office of said entity. All costs related to the preparation costs of this IRWMP have been funded 
by DCTRA with the use of the KDWCD IRWMP as the base document. The cost structure related to the 
IRWMP will be modified once the new Memorandum of Understanding (MOU) is adopted, in accordance 
with terms and conditions of the MOU. 
 
There is often uncertainty when relying primarily on grant funding; therefore, it is crucial to look for other 
forms of long term funding to sustain IRWM planning efforts. The following sections describe local funding 
mechanisms/sources in the IRWM Planning area to support long-term IRWMP Implementation and meet 
maintenance and operations requirements. 
 
 
K.2.1 In-Kind Support 
 
Stakeholders that are not able to contribute financial resources may be able to contribute services or 
items that further regional IRWM planning. In-kind support can include stakeholder provided services, 
such as map-making, grant writing, preparing newsletters, and updating the IRWM website, or material 
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contributions such as a venue for meetings or activities, use of a company vehicle, use of office supplies 
and/or equipment, and other appropriate forms of contribution. While managing in-kind support requires 
a high level of regional communication and the availability of in-kind support in the future is not certain, 
it furthers IRWMP implementation and provides a meaningful opportunity for small and/or disadvantaged 
entities to support IRWMP implementation.  
 
 
K.2.2 Connect Stakeholder Grant Funding Opportunities to Tule River Basin IRWMP 
 
This funding mechanism involves the inclusion of costs related RWMG administration into a project’s 
budget. When a project proponent pursues grant funding, the RWMG will encourage the proponent to 
include a budget line item that reflects the cost of RWMG administration and integration of the project 
outcomes into the Plan.  Inclusion of administrative activities into the budgets for individual projects 
increases the certainty of RWMG funding and ultimately the longevity of IRWMP implementation. 
 
 
K.2.3 Fee-For-Service 
 
The RWMG could establish a fee structure for professional services related to project implementation, 
compliance with the California Environmental Quality Act (CEQA), grant writing and other administrative 
activities. This method could increase the certainty of RWMG funding by providing a consistent source of 
revenue from entities seeking technical or administrative assistance. 
 
 
K.2.4 State and Federal Grants 
 
The RWMG may apply for IRWM planning grants to fund updates to the plan. These updates may be 
needed as a result of new IRWM Grant program guidelines, changes in political and regulatory setting, or 
new technical information that is relevant to the region.  
 
At present, solicitations are closed for both Proposition 84 and Proposition 1 IRWM Planning Grants. 
Although the future of these programs is uncertain, another round of funding may become available in 
the future.  
 
 
K.3 Project-Level Funding Sources 
 
Successful implementation of an IRWM Plan requires reliable funding for projects intended to meet 
IRWMP objectives. The RWMG has established a process for selecting projects for IRWM grant funding 
(see Section G – Project Solicitation and Prioritization). When an IRWM grant solicitation is announced by 
DWR, the RWMG will decide which projects to include in the grant application package on behalf of the 
Region since only a limited number of projects can be submitted in any one round. Project proponents 
will be responsible for developing individual applications in response to solicitations. 
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K.3.1 Funding of Project Applications 
 
Specific water management project funding is dealt with in a separate fashion from the IRWMP funding. 
Applicants for specific funding programs are required to fund their pro-rata share of the cost of 
development of project specifics and project funding applications. Each of the participants in these efforts, 
over recent history, have benefitted by cost sharing a number of common elements of applications which 
have been shared on an equal division basis. Specific agreements for obligation to cover such costs have 
been developed on a funding effort-by-funding effort basis with this arrangement anticipated to continue 
into the future. Requiring the project proponent to secure funding for project applications ensures the 
certainty and longevity of this funding source. The draft Tule Basin MOU includes a provision for 
establishing the special project agreement to address these separate cost share agreements. 
 
 
K.3.2 Projects Funding 
 
On a parallel with project application funding, funding of the local matching share of individual projects 
has been a responsibility of the project advocate. In several cases, projects for which application has been 
made have more than one beneficiary and, in such cases, a division of local share of costs occurs. The 
basis for this division of cost is founded in negotiations between the project advocates. DCTRA, as the 
initially designated fiscal agent, acts on behalf of the other Memorandum of Understanding participants 
and will require financial assurance procedures prior to submittal of a funding application. In this fashion, 
both DCTRA, as the applicant agency and the body to which participation application is being made, can 
have reasonable assurance that the project applicant has the financial capability to satisfy the local share 
of funding requirements, including those for project operations and maintenance activities. The dynamic 
between project proponents and incidental beneficiaries serves to increase the certainty and longevity of 
this funding source by encouraging cost sharing agreements. The specifics of these funding procedures 
will be revisited on an application-by-application basis into the future. 
 
 
F.3.3 Grants and Loans (State and Federal) 
 
Due to the high number of DAC’s in the IRWM Planning area, the region has a limited ability to raise local 
revenue for projects and programs related to regional water management. Although there is a significant 
degree of uncertainty in terms of the availability of state and federal funding opportunities, financing for 
these projects and programs is often reliant on State or Federal grant programs and loans.  
 
The number and type of grant and loan programs available to public agencies and utilities in any given 
year can vary significantly based on whether the Legislature targets appropriations to the programs. Many 
of the grant programs below are on-going with rounds of grant monies provided upon availability of 
funding. The grant and loan programs listed below are not exhaustive and should be updated regularly as 
part of the Region’s IRWM Plan Implementation. 
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Table K-1. State of California Funding Opportunities 
 

Funding Source Funding Program 

Proposition 1 IRWM 

2018 Implementation Grant 
Disadvantaged Community Involvement Program 
CalConserve Water Use Efficiency Revolving Fund Loan 
Program 
Agricultural Water Use Efficiency Grants Program 
Sustainable Groundwater Planning Grant Program 
Technical Assistance Funding Program 
Water Recycling Funding Program 

Proposition 84 

Flood Corridor Program 
FloodSAFE California 
Local Levee Assistance Program 
Flood Emergency Response Projects Grants Program 
Urban Streams Restoration Program 
Storm Water Grant Program 

Proposition 50 Safe Drinking Water/Contaminant Removal 

Other State Funding 

Water-Energy Grant Program 
California Safe Drinking Water Bond Law of 1988 
Agricultural Drainage Loan Program 
Clean Water State Revolving Fund 
Drinking Water State Revolving Fund 
Drinking Water for Schools Grant Program 
Nonpoint Source Pollution Control Program 

 
 

Table K-2. Federal Funding Opportunities 
 

Funding Source Funding Program 

EPA 
Source Reduction Assistance EPA 
Wetlands Program Development Grants 
Five Star Restoration Program 

United States 
Department of 

Agriculture (USDA) 

Rural Development, Water and Waste Disposal Program 

Resource Advisory Committees (RAC) Safe Rural Schools 
Funding 

US Bureau of 
Reclamation WaterSMART Grant Program 

US Fish and Wildlife 
Service North American Wetlands Conservation Act Grant 

National Rural Water 
Association NRWA Revolving Loan Fund 

Other Federal Funding Water Resources Development Act Other Federal Funding 

 

http://www.water.ca.gov/irwm/grants/sgwp/
http://www.water.ca.gov/irwm/grants/sgwp/
http://www.water.ca.gov/floodmgmt/fpo/sgb/llap/
http://www.water.ca.gov/floodmgmt/fpo/sgb/llap/
http://www.water.ca.gov/urbanstreams/
http://www.water.ca.gov/urbanstreams/
http://water.ca.gov/grantsloans/grants/prop81sdw/index.cfm
http://water.ca.gov/grantsloans/grants/prop81sdw/index.cfm
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Section L – Technical Analysis 
 
 
L.1 Introduction 
 
There have been numerous technical analyses and evaluations over time within the Tule River Basin that 
have been instrumental in shaping the direction, emphasis and priorities of water management activities 
of the DCTRA IRWM Plan. These studies have then contributed to the rationale of the DCTRA IRWMP 
objectives and their contribution to the Tule River Basin understanding from the perspective of science 
and management. The Stakeholder Advisory Group utilized this wealth of information in the 
establishment of objectives, in the decision of which water resource management strategies were 
incorporated into the DCTRA IRWMP and the evaluation method of projects that adequately address the 
DCTRA IRWMP needs. 
 
This section provides a discussion of: 
 

1. The technical information sources and/or data sets used to develop the water management 
needs. 

2. Why this technical information is representative or adequate for developing the IRWM Plan 
 

 
L.2 Technical Information Sources and Data Used 
 
Although there have been numerous studies that have influenced development of the IRWMP, there are 
a few key efforts that should be emphasized by a summary of activities and contributions. Additionally, a 
table has been provided to list the variety of technical analyses that contributed to the IRWMP. (Each of 
the following technical analysis examples are noted throughout the IRWMP.) 
 
 
L.2.1 The Water Resources Investigation (WRI)  
 
This is an ongoing process that began with the formation of the DCTRA and continues to date. The 
investigation has been structured as a series of facilitated exercises, along with supplemental analyses, 
with the managers of the DCTRA member agencies. In general, the exercises have been structured around 
an analysis of assets and needs, water resources, specific for each member agency. The analysis exercises 
have been followed with resource/need matching exercises wherein the needs of one member agency 
are examined from the perspective of being satisfied with the assets of another member agency.  
 
The matching exercises have then been expanded to a project development phase, where efforts have 
been undertaken to determine if single-purpose or joint projects could be developed to address resource 
deficiencies of both single entities, or better yet, multiple agencies. Coming out of this process, as an initial 
success, was a better understanding of individual and collective resources and needs. Over time, resource 
exchanges have been extended in some cases and created in others. Joint projects have been identified 
with some having been developed. The project list to be created and approved as a part of the IRWM 
development process will use this project list as its starting point. The process has also provided the Tule 
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River Basin, public water agencies and overlying landowners and water users with a better understanding 
of the Tule River Basin by answering questions related to the quantity of groundwater, the quality trends 
related to groundwater, sources and volumes of recharge and trends in water levels in the Tule River 
Basin. The investigations have provided an improved base on which to examine Tule River Basin 
hydrological and hydrogeological conditions and will assist in future quantification its water supply 
capability, or safe yield and degree of groundwater overdraft. Additional member agency studies have 
been tiered off of these efforts and are leading to projects to allow for improved water management 
capabilities within the IRWMP. 
 
 
L.2.2 Water Quality Portal  
 
The Water Quality Portal (WQP) is a service sponsored by the United States Geological Survey (USGS), the 
Environmental Protection Agency (EPA), and the National Water Quality Monitoring Council (NWQMC). 
Data for this region was provided to the Water Quality Portal by the California Water Resources Control 
Board Division of Drinking Water. This report utilizes data obtained from this service to report hexavalent 
chromium levels and perchlorate levels within the IRWMP region. 
 
Hexavalent chromium levels were recorded annually from 2013 to 2017 in 122 wells within the IRWM 
planning area. These values were averaged to provide a regional mean hexavalent chromium level for 
each year. A similar process was used to calculate regional perchlorate levels. Perchlorate concentrations 
were recorded annually from 2001 to 2017 in 179 wells within the IRWM planning area. These values were 
averaged to identify the regional mean annual perchlorate concentration. The average annual 
concentrations of these contaminants, as well as the highest concentration observed, are displayed in 
Section C – Region Description in Figures C-7 and C-8.  
 
 
L.2.3 The Crop Water Use Model  
 
The most recent of technical analysis resulting in useful information is the Normalized Difference 
Vegetation Index (NDVI) Crop Water Use Model initiated in 2011 by the KDWCD. A weak area in the use 
of the developed groundwater models has been the determination of crop water use and this valuable 
data has historically been estimated using sporadic crop data and previous study estimations in an 
equation to approximate the data. The NDVI Crop Water Use Model, performed by Davids Engineering, 
calculates evapotranspiration (ET) using reflective energy data from Landsat satellite imagery on a unit 
scale necessary to distinguish variations in vegetation types. This data is combined with simulation of 
irrigation events using a daily rootzone water balance model. The results are unique enough to correlate 
with agricultural usages as identified through available crop surveys. The crop water use model is 
expandable to the Tule River Basin through purchase of the appropriate panels of reflective energy data. 
 

The modeling provides: 
 
• Monthly cropping identification by crop type and acreage; 
• Regionalized crop coefficients of water demands for agriculture occurring within the Southern 
San Joaquin Valley; 
• Monthly crop water demands from years 1999 through 2009 and annually thereafter. 
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L.2.4 Community Climate System Model 3.0 (CCSM3) 
 
The CCSM3 is a climate model consisting of four separate models connected by a flux coupler that 
simultaneously simulate earth’s atmosphere, ocean, land surface, and sea ice to provide a realistic 
simulation of earth’s climate system. This model can then be used to make local climate change 
predictions. CCSM3 was used in this plan to project average annual high temperature and average annual 
precipitation within the Tule River Basin IRWMP planning area from the present date to 2100.  
 
Like most climate models, CCSM3 divides the area of study into a grid, and the model performs 
calculations for each individual cell within the grid, which is then represented by a single value for 
temperature, precipitation, or other climate variable of interest. Nine cells, which cover the large majority 
of the IRWMP planning area, were used to predict future climate conditions. The individual values of each 
cell for average annual high temperature and average annual precipitation were averaged to provide a 
comprehensive view of the region’s predicted climate conditions by year.  
 
 
L.2.5 Groundwater Management Plan  
 
Responding to then recent Groundwater Legislation, in 1995 the DCTRA and participating local entities 
formally adopted the DCTRA’s Groundwater Management Plan (GMP). Th e GMP was updated in 2012. 
The GMP states, “The purpose of the Groundwater Management Plan (Plan) is to evaluate the monitoring 
data and information collected compared to the management goals and objectives. The continued efforts 
for the Plan are to document the existing groundwater management activities of the DCTRA and to 
formalize other actions that will be used in implementing a monitoring and management program for 
conjunctive use, replenishment and preservation of the quantity and quality of groundwater within the 
Basin for long term beneficial uses.” The GMP evaluates groundwater conditions and challenges, identifies 
solutions and establishes goals for the participating stakeholders to best manage this critical resource. Six 
elements currently shape the GMP: 
 

1. Monitoring Program; 
2. Resource Protection; 
3. Sustainability; 
4. Stakeholder Involvement; 
5. Planning and Management; and 
6. Information Dissemination 

 
At the core of the GMP is the recognition that the conjunctive management of water supplies within the 
GMP area must be continued and that achieving hydrologic equilibrium requires the management of both 
surface and groundwater supplies. The GMP is a vital element of the DCTRA IRWMP as it is one of the 
strongest stakeholder efforts and with proven results within the Tule River Basin. 
 
 
L.2.6 Water Management Plans  
 
Based on Friant Division, CVP contract requirements member agencies holding a contract from the United 
State Bureau of Reclamation (Reclamation) for Central Valley Project (CVP) water from the Friant-Kern 
Canal, have developed Agricultural Water Management Plans (WMP) in concert with Reclamation. The 
objective of each WMP is to evaluate, identify, establish and describe best management practices that 
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will result in efficient use and best conservation/ management of water by setting policy and practice of 
use of water related devices, equipment or facilities. These WMPs are reevaluated and updated every five 
(5) years in order to continually search for the best available cost-effective technology and best 
management practices to achieve the highest level of delivery water management. Each of these technical 
analyses were directly influential in the development of this IRWMP in that they informed the 
stakeholders with key aspects of the Tule River Basin and defined effective objectives and resource 
management strategies based on science, instead of speculation and influenced the emphasis of the 
project scoring procedures developed by the Stakeholder Advisory Group. 
 
 
L.2.7 Population and Demographic Information 
 
Population and Demographic Data was obtained from the United States Census Bureau website in April 
2018 to develop an overview of social characteristics within the IRWM Region. The IRWM report utilized 
the United States Census Bureau’s American Community Survey (ACS) 5-year estimates, which are 
developed to more accurately represent smaller communities. Unlike the US Census, which is conducted 
every 10 years to provide an official count of the entire U.S. population, the ACS is conducted every year 
and provides up-to-date information about the social and economic needs within a community.  
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Section M – Relation to Local Water and Land Use Planning 
 

 
Water and land use are inextricably linked. This section focuses on how the IRWM Plan relates to planning 
documents and programs established by local agencies. The IRWM Plan facilitates communication 
between land use planners and water managers to encourage coordination between land use planning 
and regional water planning. This collaborative management approach leads to better decision making, 
which in turn increases the region’s resiliency to climate change and drought and ensures that the region’s 
water needs are met into the future. 
 
The planning documents discussed below serve as an important foundation for the IRWM plan. The goals, 
objectives, and programs contained in these documents are integrated into the IRWMP to ensure that it 
is consistent with local issues and needs. The RWMG will continue to integrate local planning objectives 
as General and Community Plans are updated or new plans are developed.  
 
 
M.1 Applicable Land Use Plans 
 
M.1.1 Tulare County General Plan 
 
The County of Tulare has recently adopted an updated General Plan which has elements related to 
infrastructure development. The General Plan places a high priority on the provision of water supply to 
community areas, with specific emphasis on water supply for areas subject to development. In recognition 
of the significance of surface water supply to development within the county, reference is made to surface 
water supply related issues. The General Plan has a special section related to water supply based on the 
early recognition by the Board of Supervisors that water plays a critical role in the economic well-being of 
the County. It was the understanding of the Board of Supervisors that the authors of various components 
of the General Plan took into consideration the water supply information which was made available prior 
to the development of policy issues which are embodied in the adopted General Plan. It is the goal of the 
Board of Directors of the Deer Creek and Tule River Authority (DCTRA) to work with the County with 
respect to the issues of land use planning and land use actions as they relate, in particular, to water quality 
and, to a lesser extent, water quantity.  
 
 
M.1.2 City of Porterville General Plan 
 
The City of Porterville General Plan contains a variety of policies related to water management that are 
integrated into the IRWMP. These include the continued monitoring of water quality, incorporation of 
water recycling programs, and reduction in the over drafting of groundwater.  It is the goal of the RWMG 
to work with the City of Porterville in order to facilitate an integrated approach to water and land use 
planning.  
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M.1.3 Unincorporated Community Plans 
 
Several unincorporated communities exist within the IRWMP area. The communities with formal 
community plans include: 
 
 

Table M-1. Community Plans Within the IRWM Planning area. 
 

Community Population Size 
(2010 Census) 

Year Community 
Plan was Approved 

Terra Bella 3,310 2015 
Pixley 3,310 2015 
Tipton 2,543 2015 
Ducor 612 2015 
Poplar 2,470 1998 

 
 
The community plans vary in terms of their relevancy, for example the Poplar Community Plan has not 
been updated for almost 20 years, however much of the information in the plans remains highly relevant. 
The IRWMP incorporates several policies identified in these documents, including those related to flood 
control, reducing groundwater overdraft, increasing water use efficiency, and protecting local water 
resources. The RWMG will continue to work with communities within the region to encourage integrated 
decision making with regard to land use and water infrastructure projects.  
 
 
M.1.4 National Forest Land Management Plan 
 
While the DCTRA IRWMP has an easterly boundary that extends only up to approximately the 660 foot 
contour, actions which take place higher in the Tule River watershed have an impact on beneficial uses 
within the IRWMP planning area. In particular, sedimentation reduction is a major issue, particularly as it 
affects storage capability behind Success Dam. In addition, uncontrolled stream systems feeding into the 
IRWMP area are sensitive to and impacted by adverse volume sediment loads. The recharge capability of 
the Tule River and its distributaries and the uncontrolled stream system beds are the principal locations 
where effective recharge of runoff to the groundwater reservoir occurs. Accumulation of sediments in 
these channels is averse to the effective percolation capability of same. 
 
In addition, coliform contamination is an objective water quality standard in both the Basin Plan for the 
Tulare Lake Basin and within the adopted General Order related to the Irrigated Lands Regulatory 
Program. The actions of parties in their utilization of natural forest and park lands contributory to the 
stream groups is currently exhibiting an adverse level of coliform presence and the matter is rising on the 
radar of the Regional Water Quality Control Board as an issue to be dealt with. As preliminary indications 
are that the source of this contamination is not from irrigated agricultural, attention of the Regional Water 
Quality Control Board will be turned away from irrigated agricultural to other potential sources once they 
feel that sufficient justification exists of the source not being irrigated agricultural. Coordination with the 
National Forest Land Management Plan and with U.S. Forest Service personnel will obviously be required 
to address each of these and potentially additional, water quality related issues. 
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M.2 Applicable Water Management Plans 
 
M.2.1 Urban Water Management Plan 
 
An Urban Water Management Plan is currently in place for the City of Porterville. The plan deals with 
existing and forecasted future conditions, particularly with regard to land use considerations. In response 
to projected demands, forecasts are made of future requirements for supply, with additional segments 
dealing with water quality related issues. In addition, due to declining water levels, both static and 
pumping, each of these plans deals with issues related to power required for extraction and the costs 
related to same. Additional considerations are given to water quality issues and historical and projected 
impacts on water quality parameters. Interface between elements of these plans and this IRWMP will 
obviously take place in the future and the guidance provided by the plan will be employed by those parties 
who are charged with dealing with the particular matter at hand. Within the DCTRA IRWM planning 
structure, including the Stakeholders Advisory Group, participation from each of the urban water suppliers 
already exists and attendance is regular for each of the representatives. Adequate knowledge sharing as 
to elements of each of the urban plans between both IRWMP planning areas will be of necessity moving 
forward with the formal adoption of this IRWMP. 
 
 
M.2.2 DCTRA Groundwater Management Plan 
 
The DCTRA has in place, an SB1938 compliant Groundwater Management Plan. This plan was prepared 
pursuant to the statutes related to implementing AB 3030 and has been updated bringing the plan SB1938 
compliant. There are a multiple number of signatories to the DCTRA Groundwater Management Plan, 
including parties outside of DCTRA membership.  
 
Based on the party’s signature to the DCTRA Groundwater Management Plan Memorandum of 
Understanding, the jurisdiction of said Groundwater Management Plan extends beyond the boundaries 
of DCTRA. In fact, based on the Memorandum of Understanding participants, the area covered by said 
plan extends beyond the boundary of the IRWMP, particularly to the west. To date, steps taken to update 
the policy provisions of the DCTRA Groundwater Management Plan has taken into consideration IRWM 
principals and it is anticipated that that degree of cooperation and coordination remain in the future. 
 
 
M.2.3 Local Water Shortage Contingency Plans 
 
At the current time, there is a single identified water shortage contingency plan in place within the DCTRA 
IRWM planning area. This plan is in the form of a written agreement between the Lower Tule River 
Irrigation District (LTRID) and the Terra Bella Irrigation District (TBID). Principal features of this plan call 
for entitlement to Friant Division, CVP supplies of TBID to be made available to LTRID when the demands 
of TBID have been met, in any given year. In a reciprocal fashion, in below-normal and dry year conditions, 
the LTRID available declared Friant Division, CVP supplies are first dedicated to TBID to meet their in-lieu 
domestic, domestic and agricultural demands. Supplies above that level are available to LTRID to use at 
their direction. While there are other informal water shortage contingency plans, there are no others that 
exist in written form that apply on a long-term basis. To the degree that such plans may be developed in 
the future, policies such as those of the Tule River Association relative to out-of-basin transfers will need 
to be taken into consideration as they are principally focused on water balance conditions within the Tule 
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River Basin. Likewise, any future negotiations related to water banking where such banking will call for 
exportation of water from the Tule River Basin will need to take into account existing adopted policies 
with respect to out-of-basin transfers. 
 
 
M.2.4 Capital Improvement Plans/Master Plans 
 
For many of the public agencies and California Public Utility Commission governed utilities, capital 
improvement plans and/or master plans are in place. Many of the public district surface water suppliers 
also have in place either complete or equipment and distribution system oriented capital expenditure 
plans. 
 
Based on the requirements of the implementing legislation of Proposition 218 and multiple court related 
decisions based on litigation surrounding compliance with the legislation implementing Proposition 218, 
future water management planning will need to take into consideration the economic constraints 
imposed by existing adopted elements of budgets, improvement plans and/or master plans. Water supply 
and water supply infrastructure projects developed as a result of the IRWMP process and participation 
have already had to take into account financial constraints imposed by both economic conditions within 
the IRWM planning area, as well as the constraints imposed by the implementing legislation associated 
with Proposition 218. This will continue to be of necessary concern in future planning efforts. 
 
 
San Joaquin River Restoration 
 
An important element of San Joaquin River Restoration Settlement legislation and the underpinning 
Settlement Agreement, calls for funding and project assistance and priority for restoring back to the Friant 
Division, CVP contractors that element of water supply estimated to be taken from their declared basis by 
virtue of Settlement. Based on the position of the number of Friant Division, CVP contractors within and 
adjacent to the IRWM boundary, attention to and participation in San Joaquin River Restoration activities 
will be paramount, particularly those dealing with water supply restoration. 
 
 
M.2.5 Water Management and Monitoring Programs 
 
The IRWMP project evaluation and scoring criteria take into account compliance with elements of 
adopted water management and monitoring programs in their evaluation and scoring processes. Outlined 
as follows are several topics related to water management and monitoring which are incorporated in this 
evaluation and scoring process. Updates to this IRWMP will need to consider the addition and/or deletion 
of programs from this inventory. 
 
 
Groundwater Measurement Programs 
 
The DCTRA, throughout its history, as well as Friant Division, CVP contractors have historically engaged in 
a process of groundwater level measurements which occurs in both the spring and fall months of each 
year. Data from these measurements is fed to the U.S. Bureau of Reclamation who published documents 
up to 1992 with said information. The information is also supplied to the State Department of Water 
Resources (DWR) who historically published maps of both confined and unconfined lines of equal 
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elevation on both a spring and fall basis. That mapping procedure has now been reduced by DWR to 
publication in the spring only of the unconfined lines of equal elevation of water in wells. 
 
Complimentary to these programs, both the Tule River Basin urban and rural domestic water purveyors 
also conduct depth to groundwater measurement procedures. While driven principally by the economic 
factors of power consumption and capability of current pumping equipment to satisfactorily perform 
within the observed groundwater conditions, the information is nonetheless available in the public arena 
and can be utilized for project planning and impact analysis purposes. Based on the importance of this 
information to IRWM based water planning, it is envisioned that these efforts by local agencies will 
continue into the future and be available as a planning tool to IRWMP participants and the associated 
Stakeholders Advisory Group. 
 
 
Water Quality Monitoring Programs 
 
As previously introduced, a considerable program, both in terms of scope and cost exist with respect to 
surface water quality. An extensive inventory of surface water quality test results associated with 
agricultural delivery systems exists and is database accessible, both at the local, as well as at the State 
level. With the expansion of the Irrigated Lands Regulatory Program into groundwater, it will not be long 
until an expanded amount of information is available with respect to groundwater quality which, at the 
current time, is restricted principally to the domestic water purveyors’ service areas and the Dairy Order 
Monitoring Program. While this information is available through the databases of the Division of Drinking 
Water of the SWRCB and the RWQCB and published by each water purveyor and transmitted annually to 
their customers, the same level of quality information does not exist in the rural unincorporated areas not 
covered by a permitted domestic water supplier. Deliverables which are in the near-term, time wise, are 
required as a part of the newly adopted General Order under the Irrigated Lands Regulatory Program with 
respect to groundwater. As time passes, additional information will be available through this monitoring 
program to be utilized as another tool in the 
IRWM planning process. 
 
 
Stormwater Resource Plans  
 
Water Code § 10562 (b)(7) (i.e. SB 985) establishes new standards for stormwater resource plans and 
requires that they be incorporated into IRWM Plans as they are developed. A number of stormwater 
management programs exist within the IRWMP area, however these plans have not yet been updated to 
the standards set forth by this new legislation. It is important that a process is established by the IRWMP 
to incorporate new stormwater resource plans as they are developed.  
 
The RWMG intends to review and update the IRWMP every five years as new information becomes 
available and conditions within the basin change. New or updated stormwater resource plans should be 
incorporated into the IRWMP at this time. The processes required to amend the IRWMP as new 
stormwater resource plans are developed is located in Section B – Governance, Stakeholder Involvement, 
and Outreach.  
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M.3 Local Climate Change Planning 
 
M.3.1 Tulare County Climate Action Plan 
 
The Tulare County Climate Action Plan is the only formal climate change planning document in the IRWM 
planning area and establishes emission reduction goals consistent with the goals of AB 32. The document 
also develops a set of strategies to implement these goals, which are organized as follows: 
 

• Land Use and Transportation System Improvements 
• Alternative, Non-Automotive Travel Modes 
• Building Energy Efficiency/Green Building Design 
• Water Conservation 
• Waste Reduction Program 

 
The water conservation strategies identified in the Tulare County Climate Action Plan are the most 
relevant in terms of coordination with this IRWM plan. Water conservation reduces GHG emissions by 
reducing the energy required to pump and treat water for use, while also increasing adaptability to climate 
change caused changes in precipitation and water availability. The specific water conservation measures 
identified in the Tulare County Climate Action Plan are consistent with IRWMP objectives in Section E, as 
well as the Resource Management Strategies in Section F, and are briefly summarized below.  
 

• Expand groundwater recharge to capture runoff and water available during wet years 
• Use reclaimed water from tertiary plants for irrigation in appropriate locations 
• Use native and drought tolerant landscaping 
• Require the installation of low-flow fixtures 
• Smart irrigation technologies that apply water based on plant requirements and that direct water 

flow only where needed.  
 
 
M.3.2 Climate Change Adaption and Mitigation Strategies in Local Land Use Plans 
 
Several Community Plans within the IRWMP area include policies related to climate change. These policies 
are primarily related to climate change mitigation and involve strategies to reduce GHG emissions through 
the consideration of GHG emissions during the project review process to meet statewide objectives. The 
Tule River Basin IRWMP facilitates this strategy by requiring consideration of Greenhouse Gas Emissions 
prior to the development of water infrastructure projects. This process is described in Section O – Climate 
Change. Climate change adaption strategies were not included in the Porterville General Plan or 
Community Plans within the IRWMP area.  
 
It is likely that climate change mitigation and adaption policies will be strengthened as time goes on. These 
strategies will be incorporated into the IRWMP as they are adopted by communities within the IRWMP 
area. The process by which the RWMG will amend the IRWMP is in Section B – Governance, Stakeholder 
Involvement, and Outreach. 
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Section N – Planning Coordination 
 
 
N.1 Introduction 
 
The purpose of this section is to ensure an appropriate level of coordination with local, State, and federal 
agencies and stakeholders to minimize conflicts and to optimize water resource utilization. It is the 
responsibility of the RWMG to coordinate efforts with these entities. This section identifies public 
agencies representing the IRWM region, and discusses their role in water management within the Region. 
The end of the section contains existing agreements and coordination efforts taking place on a Water 
Planning Area level. 
 
 
N.2 Coordinate Water Management Activities to Avoid Conflict 
 
This section discusses and recognizes entities within the region that have a stake or role in water resources 
management/issues. The following (not listed in any order of importance) is a list of the more visible water 
resources related agencies and stakeholders:  
 
• California Water Service Company 
• City of Porterville 
• Community Water Center 
• County of Tulare 
• DCTRA / Tule River Association 
• Department of Fish and Wildlife 
• Department of Water Resources 
• Keller/Wegley Engineering 
• Provost & Pritchard Engineering Group 
• R.L. Schafer & Associates 
• 4Creeks, Inc. 
• Regional Water Quality Control Board 

• Santa Rosa Tachi Tribe 
• Tule River Tribe 
• Sequoia Rivers Land Trust 
• Self-Help Enterprises 
• Tipton CSD 
• Pixley PUD 
• Woodville PUD 
• Poplar CSD 
• Alpaugh CSD 
• Tulare Basin Wildlife Partners 
 

 
It is important to understand their influence and involvement on water resources management efforts 
within the County, and that they have either contributed to the development of this IRWM Plan, or should 
be coordinated with in future efforts to better understand the conditions in different water planning areas 
and the benefits and impacts of proposed water management strategies.  
 
The RWMG works toward bringing interested agencies and stakeholders to the project implementation 
process at an early stage when their involvement is beneficial and educational for both sides. Additionally, 
efforts under the purview of the IRWM Plan need to be able to show a direct benefit to the IRWM Plan’s 
Goals and Objectives, and ultimately meet one or more of the Water Management Strategies used in this 
plan to measure and report success. Depending on the level of engagement with an agency, the outcome 
is to be recorded for reporting in the IRWM Plan Monitoring and Performance Report.  
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N.3 Pre-Project Coordination Efforts 
 
Prior to project implementation, significant outreach efforts occur to encourage coordination between 
stakeholders. This effort serves to minimize conflict and optimize project outcome.  
 
 
N.3.1 Outreach to Neighboring Regions  
 
The IRWMP boundary abuts that of the Southern Sierra IRWM to the east, the Kaweah Basin IRWM to the 
North, and the Poso Creek IRWM to the South. A considerable degree of cooperation exists between the 
IRWM groups and it is anticipated that the entities will conduct joint project evaluations to determine if a 
strengthening of projects could occur as a result of simply evaluating the nature of particular projects and 
their particular advantages and disadvantages. It is a goal of the Board of Directors of DCTRA to continue 
this coordination, which is partially based on the recognition that water deliveries into the DCTRA have a 
common source basis of the Tule River. 
 
 
N.3.2 Outreach to Disadvantaged Communities 
 
Based on the decision to adopt a common Stakeholders Advisory Committee, programs specifically 
designed to address water quality issues related to disadvantaged communities and aggregation of single-
family residences in a disadvantaged hamlet setting are raised to a new level. Recognition exists that a 
different outreach methodology will need to be generated, at least as to the efforts of the IRWMP, relative 
to the outreach mechanisms to other than surface water related entities. 
 
Mapping has been completed of each of the concentrations of households within the IRWMP boundary 
in excess of six single-family units. From this basis, work could begin with respect to the drinking water 
quality of each of those areas, followed by the development of a program for assistance to the identified 
areas. In some cases, this outreach could be oriented toward development of a water distribution system 
and the extension of an adjacent water purveyor, meeting current state and federal drinking water 
standards, as the methodology to supply the now non-compliant area with an adequate drinking water 
supply. In other areas, where consolidation is not an option, pursuit of a step-by-step process as was 
outlined in Chapter 9, could be undertaken by DCTRA. Throughout this process, an outreach to the 
effected homeowners and to representatives of environmental justice concerns would need to be made 
in order to ensure that all possible steps are taken to remedy the drinking water quantity/quality 
deficiency. 
While the IRWMP process adequately addresses the intent to incorporate stakeholders and potential 
beneficiaries in the service areas into the process, more specific work needs to be undertaken to address 
the project development phase and, more importantly, the government’s development steps which are 
associated with generating solutions to rural drinking water related problems. 
 
 
N.3.3 Outreach to Native American Tribal Communities 
 
The DCTRA and the Tule River Association have a longstanding relationship with tribal community 
representatives in the area. Pre-project coordination with tribal community representatives ensures the 
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protection of cultural resources critical to Native Americans. Consultations take place on any project which 
is in the development process or, more importantly, at the threshold of the construction process, to 
promote coordination with tribal group representatives and to ensure protection of antiquities, sacred 
sites and burial sites. 
 
 
N.4 Activity Coordination with Adjacent Regions 
 
N.4.1 Coordination with Tulare Basin JPA Development 
 
Based on a regional stakeholders meeting called by DWR and held at the office of the Semitropic Water 
Storage District, significant effort was put into the formation of a regional Joint Powers Authority. 
Meetings were initiated and have been held on a monthly basis since. These meetings are currently being 
held on the first Monday of each month in the offices of Provost & Pritchard Engineering Group in Visalia. 
Stakeholders from the region continue to attend with participation from the Kings River Basin, Kern 
County IRWM groups including the Poso IRWM, the Kaweah River Basin, the Tule River Basin and the 
Southern Sierra IRWM. There has been periodic attendance from parties considering formation of an 
organization covering the Tulare Lake bed area. 
 
The initial efforts to form were pursued to the extent of developing a formal Joint Powers Authority with 
an outline for development of that Authority being developed and agreed to by the participants. A copy 
of that outline is presented in Appendix C. 
This effort culminated in the preparation of a Joint Powers Agreement which was specific to Tulare Lake 
hydrologic region water-related entities. The initial formal parties to this agreement included the KDWCD, 
the Kings River Conservation District and the Semitropic Water Storage District. A copy of the subject JPA 
Outline is included in Appendix C. 
 
Several parties having input to the participants to this proposed JPA have weighed the value of this 
broader regional effort and how it might improve, or reduce opportunities in the project evaluation 
process and whether it might pit one region within the JPA area against another. Formal action has been 
taken by some participants to memorialize this position, while still providing instruction to participate in 
regional JPA related activities. Movement beyond the ad-hoc level which currently exists will probably be 
dependent, to a significant degree, on state-wide related funding activities, principal of which are those 
administered by the State Department of Water Resources. 
 
 
N.5 Coordination with State and Federal Agencies 
 
State and federal agencies have an important regulatory responsibility to the people of the state and 
country, respectively. Two of the more visible agencies and their responsibilities – the State Department 
of Water Resources and the State Water Resources Control Board – are summarized below. 
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N.5.1 Water Resource Management of Two Primary State Agencies 
   
California Department of Water Resources  
 
The State DWR mission statement is “To manage the water resources of California in cooperation with 
other agencies, to benefit the State’s people, and to protect, restore, and enhance the natural and human 
environments.” DWR programs and roles include: 
 

• Development and implementation of the California Water Plan 
• Grant program administration 
• Conservation and urban water management planning regulation  
• Groundwater basin and watershed planning/management  
• State Water Project ownership and operation  

 
California Water Resources Control Board 
 
The State Water Resources Control Board’s (SWRCB) mission is to preserve, enhance and restore the 
quality of California’s water resources, and ensure their proper allocation and efficient use for the benefit 
of present and future generations. Regional Water Boards operating under the SWRCB manage water 
quality through the regulation a variety of water management practices. Specifically, Regional Water 
Boards regulate wastewater discharges from human activities that could result in degraded water quality. 
Their programs also address water rights, grant program administration, and guidance to assist with these 
efforts. From the State Board web site; programs offered by the State and Regional Board include:  
 

• Biosolids  
• Dredge/fill (401) wetlands  
• Irrigated lands 
• Land disposal (landfills, waste piles) 
• Waste discharge requirements (non-Subchapter 15) 
• NPDES Surface Water 
• Recycled water  
• Sanitary sewer overflows 
• Stormwater  
• Timber harvest activities 

 
Coordination with Other State and Federal Agencies 

 
Parties associated with the DCTRA IRWMP are in a continuous mode of coordination with other state and 
federal agencies as well. Coordination with the U.S Army Corps of Engineers occurs on an almost-daily 
basis with regard to Lake Success, Success Dam, and flood control. The Central Valley Flood Protection 
Board also coordinates with stakeholders regularly on storm water control and flood protection projects. 
Stakeholders coordinate with the Bureau of Reclamation on a series of projects related to the Central 
Valley Project. Virtually no element of water management within the Tule River Basin takes place without 
the involvement of representatives from these agencies.  
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N.6 Water Service Cooperative Agreement and Other Coordination Efforts 
 
There are a significant number of relationships and agreements contribute to the IRWM structure. This 
section discusses the various cooperative agreements related to water management throughout the 
IRWM region. These are grouped by jurisdiction/interest area in the table below:  
 
 

Table N-1. Cooperative relationships and agreements that contribute to the IRWM planning process 
and structure. 

 
Jurisdiction Cooperative Agreement 

Surface Water 

• Tule River Association Organization Agreement 
• Friant Water Authority JPA 
• State Water Project Water Users JPA 
• Tule River Improvement JPA 
• TBID/DCTRA Land Use Agreement 
• TBID/LTRID Water Exchange Agreement 
• TBID/SID/LTRID Resources Exchange Agreement 
• LTRID/City of Orange Cove Agreement 
• LTRID/J.G. Boswell Co. Agreement 
• LTRID/Pioneer Water Company Agreement 
• County of Fresno/LTRID 
• Pixley ID/LTRID/Angiola WD Cooperative Agreement for Groundwater 
• LTRID/Vandalia ID Exchange Agreement 
• USBR Water Management Plans 
• AB 3616 Water Management Plans 
• Success Reservoir Storage Agreement 

Groundwater 

• DCTRA GWMP 
• Tulare Lake Basin Coordinated GWMP 
• City of Porterville Urban Water Conservation Plan 
• City of Porterville Development Impact Policy 
• County of Tulare General Plan 
• Groundwater Model Elements 
• Master Basin Model 

 

Stormwater 

• County of Tulare Agreements and Facilities 
• City of Porterville Agreements and Facilities 
• County of Tulare and LTRID Agreements and Facilities 
• Tulare County Flood Control District and LTRID 
• Tulare County License for Pumping with USBR 
• LTRID 404 Permit 
• LTRID 1601 Permit 

Water Quality • Tule Sub-watershed Water Quality Coalition 
• Southern San Joaquin Valley Water Quality Coalition 
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Jurisdiction Cooperative Agreement 
• City of Porterville WDRs 
• Strathmore P.U.D. WDRs 
• Terra Bella Sewer Maintenance District WDRs 
• Woodville P.U.D. WDRs/NPDES 
• Poplar C.S.D. WDRs 
• Tipton C.S.D. WDRs 
• Pixley P.U.D. WDRs 
• Woodville Farm Labor Camp WDRs 
• County of Tulare Abandoned Well Program 

Weather Information • DCTRA CIMIS Station Agreement 
Endangered Species 
Recovery/Protection 

• Sierra-Los Tulares Land Trust Projects (Sequoia Riverlands Trust) 
• DCTRA Recharge Ponds Site 

Governance 

• Surface Water 
· Multiple Water Management Agency Boards of Directors 
· Multiple Water Management Agency Advisory Committees 
· Multiple Water Management Agency Technical Committees 
· Interbasin Water Management Coordinating Groups 
 Kings-Tule 
 Kaweah-Tule 
 Tule-Tulare Lake 

• Groundwater 
· GWMP Stakeholder Committees 
· DCTRA/City of Porterville Coordination Committee 
· Groundwater Model Technical Committee 

• Water Quality 
· Steering Committee 
· Technical Committee 
· Legal Committee 
·  
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Section O - Climate Change 
 
 
O.1 Introduction 
 
The act of planning, by nature, requires an estimation of future conditions. Unlike other types of resource 
planning, which use historical measurements to estimate future conditions, climate change planning 
requires the use of computer simulations to predict future climate conditions. These predictions are then 
used to shape the development of projects and programs to mitigate and adapt to climate change. Per 
Proposition 84 and California Department of Water Resources (DWR) requirements, this chapter considers 
the ways in which climate change may impact the Tule River Basin IRWMP area.  
 
This section begins with a brief description of the relationship between greenhouse gasses and climate 
change, an account of climate change trends, both globally and within the IRWMP area, and an analysis 
of the region’s vulnerabilities related to these trends via a climate change vulnerability assessment. The 
section concludes with a prioritized list of vulnerabilities in the planning area and a description of how 
climate change adaption and mitigation measures are integrated into the plan’s resource management 
strategies and project selection process.  
 
 
O.2 Greenhouse Gasses and Climate Change 
 
Natural processes and human activities emit greenhouse gases. The presence of GHGs in the atmosphere 
affects the earth’s temperature. Without the natural heat-trapping effect of GHGs, the earth’s surface 
would be about 34ºC cooler. However, it is believed that emissions from human activities, such as 
electricity production and vehicle use, have elevated the concentration of these gases in the atmosphere 
beyond the level of naturally occurring concentrations.  
 
The effect of greenhouse gasses on earth’s temperature is equivalent to the way a greenhouse retains 
heat. Common GHGs include water vapor, carbon dioxide, methane, nitrous oxide, ozone, 
chlorofluorocarbons, hydro chlorofluorocarbons, and hydro fluorocarbons, per fluorocarbons, sulfur and 
hexafluoride. Some gases are more effective than others. The Global Warming Potential (GWP) has been 
calculated for each greenhouse gas to reflect how long it remains in the atmosphere, on average, and how 
strongly it absorbs energy. Gases with a higher GWP absorb more energy, per pound, than gases with a 
lower GWP, and thus contribute more to global warming. For example, one pound of methane is 
equivalent to twenty-one pounds of carbon dioxide.  
 
GHGs as defined by AB 32 include the following gases: carbon dioxide, methane, nitrous oxide, 
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. GHGs as defined by AB 32 and sources 
are summarized in Table O-1. 
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Table O-1. Greenhouse Gases 
 

Greenhouse 
Gas 

Description and Physical 
Properties Lifetime GWP Sources 

Methane 
(CH4) 

Is a flammable gas and is 
the main component of 
natural gas 
 

12 years 
 

21 
 

Emitted during the production 
and transport of coal, natural gas, 
and oil. Methane emissions also 
result from livestock and other 
agricultural practices and by the 
decay of organic waste in 
municipal solid waste landfills. 

Carbon 
dioxide (CO2) 

An odorless, colorless, 
natural greenhouse gas. 
 

30-95 
years 

 

1 
 

Enters the atmosphere through 
burning fossil fuels (coal, natural 
gas and oil), solid waste, trees and 
wood products, and also as a 
result of certain chemical 
reactions (e.g., manufacture of 
cement). Carbon dioxide is 
removed from the atmosphere (or 
"sequestered") when it is 
absorbed by plants as part of the 
biological carbon cycle. 

Chloro-
fluorocarbons 

Gases formed 
synthetically by replacing 
all hydrogen atoms in 
methane or ethane with 
chlorine and/or fluorine 
atoms. They are non-
toxic nonflammable, 
insoluble and chemically 
unreactive in the 
troposphere (the level of 
air at the earth’s 
surface). 

55-140 
years 

 

3,800 to 
8,100 

 

Were synthesized in 1928 for use 
as refrigerants, aerosol 
propellants, and cleaning solvents. 
They destroy stratospheric ozone. 
 

Hydro-
fluorocarbons 

A man-made greenhouse 
gas. It was developed to 
replace ozone-depleting 
gases found in a variety 
of appliances. Composed 
of a group of greenhouse 
gases containing carbon, 
chlorine an at least one 
hydrogen atom. 

14 years 
 

140 to 
11,700 

 

Powerful greenhouse gases that 
are emitted from a variety of 
industrial processes. Fluorinated 
gases are sometimes used as 
substitutes for stratospheric 
ozone-depleting substances. 
These gases are typically emitted 
in smaller quantities, but because 
they are potent greenhouse 
gases. 
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Greenhouse 
Gas 

Description and Physical 
Properties Lifetime GWP Sources 

Nitrous oxide 
(N2O) 

Commonly known as 
laughing gas, is a 
chemical compound with 
the formula N2O. It is an 
oxide of nitrogen. At 
room temperature, it is a 
colorless, non-flammable 
gas, with a slightly sweet 
odor and taste. It is used 
in surgery and dentistry 
for its anesthetic and 
analgesic effects. 

120 
years 

 

310 
 

Emitted during agricultural and 
industrial activities, as well as 
during combustion of fossil fuels 
and solid waste. 
 

Pre-
fluorocarbons 

Has a stable molecular 
structure and only 
breaks down by 
ultraviolet rays about 60 
kilometers above Earth’s 
surface. 

50,000 
years 

 

6,500 to 
9,200 

 

Two main sources of pre-
fluorocarbons are primary 
aluminum production and 
semiconductor manufacturing. 
 

Sulfur 
hexafluoride 

An inorganic, odorless, 
colorless, and nontoxic 
nonflammable gas. 
 

3,200 
years 

 

23,900 
 

This gas is manmade and used for 
insulation in electric power 
transmission equipment, in the 
magnesium industry, in 
semiconductor manufacturing and 
as a tracer gas. 

 
 
Each gas's effect on climate change depends on three main factors. The first being the quantity of these 
gases are in the atmosphere, followed by how long they stay in the atmosphere and finally how strongly 
they impact global temperatures.  
 
In regards to the quantity of these gases are in the atmosphere, we first must establish the amount of 
particular gas in the air, known as Concentration, or abundance, which are measured in parts per 
million, parts per billion and even parts per trillion. To put these measurement in more relatable terms, 
one part per million is equivalent to one drop of water diluted into about 13 gallons of water, roughly a 
full tank of gas in a compact car. Therefore, it can be assumed larger emission of greenhouse gases lead 
to a higher concentration in the atmosphere.  
 
Each of the designated gases described above can reside in the atmosphere for different amounts of time, 
ranging from a few years to thousands of years. All of these gases remain in the atmosphere long enough 
to become well mixed, meaning that the amount that is measured in the atmosphere is roughly the same 
all over the world regardless of the source of the emission. 
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O.2.1 Regulatory Setting 
 
Climate changes is a global, national, state and local issue involving greenhouse gas emissions from 
all around the world; therefore, countries around the world, including the United States, have 
established regulations to assist in the emissions of GHGs. Tables O-2, O-3, O-4, and O-5 gives a brief 
explanation of both international, national, state and regional regulations. 
 
 

Table O-2. International Greenhouse Gas Regulations 
 

Regulation Adopted Protocol 

Intergovernmental 
Panel on Climate 

Change 

1998 
 

The United Nations and the World Meteorological Organization 
established the Intergovernmental Panel on Climate Change to assess the 
scientific, technical and socio-economical information relevant to 
understanding the scientific basis of risk of human-induced climate 
change and its potential impacts. 

United Nations 
Framework Convention 

on Climate Change 
March 21, 1994 

Governments gather and share information on GHG emissions, national 
polices and best practices; launch national strategies for addressing GHG 
emissions and adapting to expected impacts. 

Kyoto Protocol 

Adopted: December 
1, 1997 

Entered into Force: 
February 16, 2005 

Sets binding targets for 37 industrialized countries and the European 
community for reducing GHG emissions at an average of 5% against 1990 
levels over the five-year period of 2008-2012 

Paris Climate 
Agreement 

Adopted: December 
12, 2015 

Entered into Force: 
November 4 2016 

The Paris Climate Agreement an agreement within the United UNFCCC to 
limit global temperature rise to 2 degrees Celsius above pre industrial 
levels. Under the agreement, each country determines, plans, and 
regularly reports its own contribution to mitigate global warming. The 
agreement is voluntary and is not legally binding. 

 
 

Table O-3. Federal Greenhouse Gas Regulations 
 

Regulation Adopted Protocol 

Greenhouse Gas 
Endangerment December 7, 2009 

The EPA Administrator signed two distinct findings regarding GHG 
emissions under section 2029(a) of the Clean Air Act. 

1. Endangerment Finding: The Administrator finds that the current and 
projected concentrations of the six key well-mixed greenhouse gases — 

carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 

hexafluoride (SF6) 
2. Cause or Contribute Finding: The Administrator finds that the combined 
emissions of these well-mixed greenhouse gases from new motor vehicles 

and new motor vehicle engines contribute to the greenhouse gas 
pollution which threatens public health and welfare. 

Corporate Average 
Fuel Economy (CAFE) 

Adopted: 1975 
Revised: July 29, 

2011 

An agreement between thirteen large automakers (accounting for 90% of 
all vehicles sold in the United States), the United Auto Workers, and the 
State of California to increase fuel economy to 54.5 miles per gallon for 

cars and light-duty trucks by model year 2025. 
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Regulation Adopted Protocol 

Greenhouse Gas 
Reporting Program September 22, 2009 

Requires reporting of GHG emissions from large sources and suppliers in 
the United States. Any facility that emits 25,000 metric tons or more per 
year of GHG emissions are required to submit annual reports to the EPA. 

New Source Review May 13, 2013 
Tailors the requirements of the Clean Air Act permitting programs to limit 

which facilities will be required to obtain Prevention of Significant 
Deterioration and Title V permits. 

Standards of 
Performance for GHG 

Emissions for New 
Stationary Sources: 

Electrical Utility 
Generating Units 

March 27, 2012 

The EPA proposed new performance standards for emissions of carbon 
dioxide for new affected fossil fuel-fired electrical utility generated units. 

New sources greater than 25 megawatt would be required to meet an 
output-based standard of 1,000 pound of carbon dioxide per megawatt-

hour, based on the performance of widely used natural gas combined 
cycle technology 

Western Climate 
Initiative Partner 

Yet to be formally 
adopted 

Jurisdictions have developed a comprehensive initiative to reduce 
regional GHG emissions to 15 percent below 2005 levels by 2020. The 

partners are California, British Columbia, Manitoba, Ontario and Quebec. 
Its cap and trade program is estimated to be fully implemented by 2012 

 
 

Table O-4. State Greenhouse Gas Regulations 
 

Regulation Adopted Protocol 

Title 24 

Adopted: 1978 
2008 Standards 

Effective: January 
1, 2010 

California’s Energy Efficiency Standards for Residential and Non-Residential 
Buildings. Their standards are updated periodically to allow consideration 

and possible incorporation of new energy efficient technologies and 
methods 

California Green 
Building Standards January 12, 2010 A comprehensive and uniform regulatory code for all residential, 

commercial and K-14 school buildings. 

Pavley Regulations, AB 
1493 July 22, 2002 

Reduce GHG emissions in new passenger vehicles from 2009 through 2016. 
These amendments are part of California’s commitment toward a nation-
wide program to reduce new passenger vehicle GHGs from 2012 through 

2016. ARB’s September amendments will cement California’s enforcement 
of the Pavley rule starting in 2009 while providing vehicle manufacturers 

with new compliance flexibility. 

Low Carbon Fuel 
Standard-Executive 

Order S-01-07 
January 18, 2007 

Calls for a reduction of at least 10 percent in the carbon intensity of 
California's transportation fuels by 2020. It instructed the California 

Environmental Protection Agency to develop and propose a draft 
compliance schedule to meet the 2020 target. 

SB 1368 2006 
The law limits long-term investments in base load generation by the state's 

utilities to power plants that meet an emissions performance standard 
(EPS).. 

SB 97 February 16, 
2010 

The Natural Resources Agency adopted Amendments to the CEQA 
Guidelines for greenhouse gas emissions. 

AB 32 2006 

Set the 2020 greenhouse gas emissions reduction goal into law. It directed 
the California Air Resources Board to begin developing discrete early actions 
to reduce greenhouse gases while also preparing a scoping plan to identify 

how best to reach the 2020 limit. The reduction measures to meet the 2020 
target are to be adopted by the start of 2011. 

SB 375 August 30, 2008 Enhances California's ability to reach its AB 32 goals by promoting good 
planning with the goal of more sustainable communities. Sustainable 
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Regulation Adopted Protocol 

Communities requires ARB to develop regional greenhouse gas emission 
reduction targets for passenger vehicles. ARB is to establish targets for 2020 

and 2035 for each region covered by one of the State's 18 metropolitan 
planning organizations 

Executive Order S-13-
08 2009 

A comprehensive “Climate Adaptation Strategy” that would identify the 
state’s vulnerabilities and plan accordingly. State agencies will take this 

report into account, due in December 2010, when planning new 
infrastructure such as roads, bridges, and water treatment facilities. The 

executive order noted that the country’s longest continuously operating sea 
level gauge, San Francisco Bay’s Fort Point, recorded a seven-inch rise in sea 

level over the 20th century. 

SB 1078, SB 107 and 
Executive Order S-14-

08 

September 12, 
2002 

Requires California to generate 20% of its electricity from renewable energy 
by 2017. SB 107 then changes the 2017 deadline ot 2010. Executive Order S-

14-08 required that all retail sellers of electricity serve 33 percent of their 
load with renewable energy by 2020. 

CEQA Guidelines 
Update 

Adopted: April 
13, 2009 

Updated: May 
2011 

These Thresholds are designed to establish the level at which the District 
believed air pollution emissions would cause significant environmental 
impacts under CEQA and were posted on the Air District’s website and 

included in the Air District's updated CEQA Guidelines 

Executive Order B-30-
15 April 20, 2015 Establishes a California GHG reduction target of 40 percent below 1990 

levels by 2030. 

AB 398 July 17, 2017 Extended the California Cap and Trade program through 2030. 

 
 

Table O-5. Regional Greenhouse Gas Regulations 
 

Regulation Adopted Protocol 

San Joaquin Valley Air 
Pollution Control 

District 
 

 

The San Joaquin Valley Air Pollution Control District is made up of eight 
counties in California’s Central Valley: San Joaquin, Stanislaus, Merced, 

Madera, Fresno, Kings, Tulare and Kern. The Valley Air District is governed by 
a Governing Board consisting of representatives from the Board of 

Supervisors of all eight counties, one Health and Science member, one 
Physician, and five Valley city representatives. 

Tulare County Climate 
Action Plan 

 
August 2012 

The Tulare County Climate Action Plan lays out a strategy, including specific 
policy recommendations that a state will use to address climate change and 

reduce its greenhouse gas emissions. 

SJVAPCD CEQA 
Greenhouse Gas 

Guidance 
 

 

The SJVAPCD approach is intended to streamline the process of determining 
if project specific GHG emissions would have a significant effect. Best 

Performance Standards would be established according to performance-
based determinations. 

San Joaquin Valley 
Carbon Exchange November 2008 Intended to quantify, verify, and track voluntary GHG emissions reductions 

generated within the San Joaquin Valley 

Rule 2301 January 19, 2012 

Emission Reduction Credit Banking. Provided an administrative mechanism 
for sources to bank GHG emissions, mechanism for sources to transfer GHG 
reductions to other users and defines eligibility standards, quantitative and 

procedures. 
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O.3 Climate Change Trends 
 
There is a consensus within the scientific community that climate change is real, man-made, and already 
causing changes to earth’s temperature and precipitation patterns. These changes have directly lead to 
the increased ocean temperatures, decreased amounts of snow and ice, and rising sea levels. The indirect 
effects of climate change are numerous and vary depending on the region.  
 
Climate models, primarily based on GHG emission rates, are used to predict the rate of climate change. 
The state of California provides the Cal-Adapt data portal which provides localized climate projections for 
a range of variables under different climate change scenarios. The data used in Cal-Adapt tools represents 
the most current climate data available. 
 
The planning team used Cal-Adapt’s Community Climate System Model 3.0 (CCSM3) to identify climate 
projections for the planning area under high and low emissions scenarios. The CCM33 model is a climate 
model consisting of four separate models that simultaneously simulate earth’s atmosphere, ocean, land 
surface, and sea ice to simulate earth’s climate system. The planning team used the CCSM3 to predict the 
mean annual high temperature and average annual precipitation within the Tule River Basin from the 
present date to 2100.  
 
The Intergovernmental Panel on Climate Change (IPCC) has developed a set of possible future GHG 
emissions based on various scenarios for future global population growth, economic growth, and 
governmental regulations of GHG’s. Cal-Adapt projections are available for the following two IPCC 
scenarios: 
 

• A2 is the medium-high emissions scenario. The A2 emissions scenario assumes continuous 
population growth and uneven economic and technological growth. It also assumes that heat-
trapping emissions increase through the 21st century and that atmospheric carbon dioxide (CO2) 
concentration approximately triples, relative to preindustrial levels, by 2100.  
 

• B1 is the lower emissions scenario. B1 emissions scenario assumes a world with high economic 
growth and a global population that peaks by mid-century and then declines. Under this scenario, 
there is a rapid shift toward less fossil fuel-intensive industries and the introduction of clean and 
resource-efficient technologies. Heat-trapping emissions peak about mid-century and then 
decline; CO2 concentration approximately doubles, relative to preindustrial levels, by 2100. 

 
The planning team reviewed projected temperature and precipitation changes in the IRWMP planning 
area through the 21st century. The figures below show the outputs for mean annual high temperature 
(Figure O-1) and average annual precipitation (Figure O-2) per decade. Temperature is expected to 
increase over the next century under both scenarios. Under the more extreme A2 scenario, the models 
show that temperature in the IRWMP planning area is expected to increase on average by 0.96 degrees 
per decade between 2000 and 2100. These averages limit outlying temperature abnormalities such as 
extreme heat and heat waves, which are also expected to increase as a result of climate change. 
Additionally, climate change is expected to increase minimum temperatures, which would lead to reduced 
snowpack levels.  
 
Models for precipitation are less straightforward. The A2 scenario shows a small decrease in average 
annual precipitation while the B1 scenario shows very little change in annual precipitation throughout the 
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region. The change in precipitation is not significant in either scenario. The RWMG should continue to 
monitor precipitation projections as updated projections become available.  
 
The predicted increase in temperature and variability of precipitation is consistent with climate change 
impacts expected throughout the state. Additionally, these changes are expected to create a multitude of 
indirect impacts, including increased wildfire, decreased water supply, decreased snowpack, and threats 
to habitat and biodiversity. The following discusses impacts likely to occur in the IRWMP area as a result 
of climate change.  
 

 

 
 

Figure O-1.  Predicted change in mean annual high temperature under B1 and A2 scenarios. 
 
 
 

 
 

Figure O-2. Predicted change in mean annual Inches of precipitation under B1 and A2 scenarios. 
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O.4 Climate Change Impacts 
 
The direct impacts of climate change described above will have a variety of indirect impacts on the region.  
Although extreme effort should be taken to reduce GHG emissions in order to reduce the impacts of 
climate change, climate change impacts are unavoidable. For this reason, recognizing these impacts and 
developing strategies to adapt to them is essential to create regional resiliency.  
 
The following climate change impacts are those that are related to water and are most likely to occur 
within the IRWMP region. This list is not exhaustive, and climate change impacts should continue to be 
reassessed as additional information becomes available.  
 
 

 
 

Figure O-3. Visual overview of climate change impacts. 
 
 
O.4.1 Water Supply 
 
Water supply is a primary concern for the IRWMP region with regard to climate change. Agriculture is a 
primary drier of the local economy and farmlands within the region provide food resources to the rest of 
the country. For these reasons, water availability for agricultural use is crucial.  A number of factors related 
to climate change could lead to reduced water supplies.  
 
 
Limited Water Storage Capacity 

 
Additional water storage may be needed if a greater portion of precipitation occurs as rainfall, or if there 
are more rain-on-snow events. A reasonable option for increasing surface storage at Lake Success is being 
pursued. Storage could be increased by constructing Temperance Flat Dam upstream of Friant Dam, but 
the future of the proposed project is uncertain and it would require a lengthy period of time to permit, 
design and construct. The region must therefore currently rely on groundwater storage to increase water 
reserves and reliability. Recharge basins are not as effective as surface storage in capturing water supplies 
since they can only accommodate limited flows and the capacity of the Friant-Kern Canal is limited. 
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Precipitation 
 
Climate change can directly affect the volume, timing, and type of precipitation, which could then impact 
water availability. Climate change could cause a reduction in surface water supplies from the Delta, San 
Joaquin River watershed (Friant CVP water) and Tule River watershed through changes in precipitation 
patterns and/or a shift to more rain and less snow.  
 
The impacts of climate change on rainfall is unclear, however it is predicted that climate change will cause 
an increase in the number and severity of extreme weather events, including storms and droughts. Periods 
without rain are expected to become longer, creating increasingly severe drought events. Although the 
region has depended on groundwater resources during past drought events, additional strategies are 
needed to increase resiliency as drought events become more severe.  
 
Although a significant amount of snow does not fall within the IRWMP region, the majority of surface 
water is supplied by snowmelt from the Sierra Nevada Mountains to the east. The agriculture community 
depends on snowmelt as it supplies a steady source of water during the dry late spring and summer 
months. Warmer temperatures will cause more precipitation to fall as rain instead of snow, which will 
decrease the amount of snowpack and the amount of water available water during dry months. 
Additionally, the precipitation that does fall as snow will melt sooner and more quickly, which will make 
it difficult to store and use.  
 
 
Evapotranspiration  

 
Evapotranspiration is a primary factor regulating land surface 
moisture and the process by which surface water enters the 
atmosphere. Evapotranspiration is the combined name of 
evaporation and transpiration and refers to the process by 
which water is evaporated from leaves through plant 
transpiration during photosynthesis. It varies due to a 
multitude of factors including wind, temperature, humidity, 
water availability, and plant type. These factors can increase a 
plant’s evapotranspiration rate, which increases its water 
demand.  
 
Temperature has a positive correlation with 
evapotranspiration, meaning that increasing temperature will 
lead to increased evapotranspiration, which will then increase 
the demand for water. Because temperature is projected to 
increase under both climate scenarios, evapotranspiration 
rates are expected to increase significantly over the next 
century. 

Figure O-4. Diagram of Evapotranspiration 
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O.4.2 Water Quality 
 
Although water quality within the Tule River Basin is generally considered good, contamination does exist. 
This contamination is primarily caused by irrigated agriculture in the region. Although many programs are 
in place to identify and limit the discharge of pollutants from farmlands, it is still a key factor for managing 
water quality in the region.  
 
Although it is unclear how precipitation will be impacted by climate change, it is likely that storm severity 
will increase. This would increase erosion, which would increase surface water turbidity. Increased air 
temperatures would also decrease dissolved oxygen content in waterbodies, which could be exacerbated 
by algal blooms leading to eutrophication.  
 
The increased risk of wildfires as a result of climate change could create bare soil which may result in in 
runoff and sedimentation. The loss of stream bank vegetation as a result of wildfire may also lead to 
stream instability and stream bank erosion, which cause increased sediment loads and decreased water 
quality.  
 
 
O.4.3 Flooding 
 
Flooding poses numerous risks to infrastructure within the IRWMP region. Significant infrastructure, 
including some critical infrastructure, lies within the 200-year floodplain of the Tule River. Climate change 
may contribute to flooding through extreme storm events, increased wildfire, and rain on snow events. 
 
Extreme storm events, including short periods of heavy rain, can cause flooding as water accumulates on 
the ground surface faster than infiltration. This can degrade the quality of habitat and threaten native 
species, as well as pose risk to critical infrastructure. 
 
Wildfire reduces vegetative groundcover, which in turn limits the ability of water to infiltrate into the soil. 
Wildfire can also lead to hydrophobic soils. Hydrophobic soils are water resistant and cause high runoff, 
which can contribute to flooding. 
 
Increased temperatures may lead to rain on snow events. Because snow is not able to infiltrate into the 
soil, this increases the probability of high runoff.   
 
 
O.4.4 Wildfire  
 
Wildfire is a natural form of disturbance and provides significant benefits to certain ecosystems. However, 
wildfire can lead to poor water quality and flooding by reducing infiltration and increasing eriosion and 
turbidity. Rising temperatures and extreme drought events are both anticipated in the IRWMP region as 
a result of climate change. Both increased temperature and drought contribute to decreased moisture 
levels in the area, which is then highly susceptible to high-intensity wildfire.  
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O.4.5 Effects of Climate Change on Runoff and Recharge 
 
As discussed above, climate change has multiple impacts on the amount, intensity, timing, quality, and 
variability of runoff and recharge. The intensity and amount of runoff may be increased as a result of 
wildfire and rain on snow events, and exacerbated by extreme storm events. High runoff contributes to 
flooding and diminished water quality as sediment loads are increased.  
 
Climate change may limit recharge in a variety of ways. Increased evapotranspiration leads to increased 
water use by plants, which limits the amount of water available for recharge. Wildfire limits vegetative 
cover and promotes hydrophobic soils which reduces soil infiltration and can lead to flooding. Extreme 
storm events and flooding cause water to be trapped at the surface, which allows the water to evaporate 
before recharge can occur.  
 
 
O.4.6 Effects of Sea Level Rise 
 
Although the region is approximately 100 miles from the ocean, sea level rise could significantly impact 
water availability. Approximately 24% of the Region’s total water demand is met through federally 
contracted water from the Sacramento-San Joaquin Delta, which is at risk because of salt-water intrusion. 
 
Saltwater intrusion is the movement of saline water into fresh aquifers and is exacerbated by sea level 
rise. Saltwater intrusion is usually the result of excessive over drafting of coastal aquifers which results in 
seawater being “pulled” into the coastal aquifer. This increases the salinity of the water in the aquifer, 
which causes it to be unsuitable for beneficial uses. Saltwater intrusion in the Sacramento-San Joaquin 
Delta could significantly decrease the region’s surface water supply.  
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O.5 Regional Climate Change Vulnerability Assessment 
 
A vulnerability assessment was performed for the Tule Basin using the ‘Vulnerability Assessment Checklist’ 
found in the Climate Change Handbook for Regional Water Planning (DWR and EPA, 2011). The 
assessment, provided below, offers a practical evaluation of climate change vulnerabilities related to 
water demand, water supply, water quality, flooding, ecosystems, habitats, and hydropower. 
 
 
1. Water Demand 
 
1.a - Are there major industries that require cooling/process water in your planning region? 
Yes. The region includes fruit, vegetable, cheese and milk processing plants, but the temperature of the 
process water is not likely a major factor, and in many cases groundwater is used. No major power plant 
or industrial/processing plants that rely on cool water are found in the region. 
 
1.b - Does water use vary by more than 50% seasonally in parts of your region? 
Yes. Seasonal water use varies substantially (greater than 50%) in the Tule River Basin. Most of the water 
is used from late spring to the end of summer for crop irrigation and urban landscape irrigation. 
Approximately one-third of urban water demands occur in the winter with the other two-thirds in the 
summer. Irrigation water demands are typically low in the winter since effective precipitation can provide 
most of the needed water. Some of the crop land is also idled in the winter or is planted to permanent 
crops that are dormant in winter. 
 
1.c - Are crops grown in your region climate-sensitive? Would shifts in daily heat patterns, such as how 
long heat lingers before night-time cooling, be prohibitive for some crops? 
The region experiences hot dry summers. As a result, many of the crops grown have good resistance to 
heat. Therefore, changes in heat patterns would probably only impact crop yields if there is a significant 
increase in temperature. The primary concern with higher temperatures is that it will increase 
evapotranspiration and thus increase water demands. Freezing temperatures are sometimes a problem 
and can damage crops, but they are also beneficial to some permanent crops that need a certain number 
of chilling hours for an effective dormancy and to kill certain pests. Therefore, a reduction in the number 
of freezing days could negatively impact some crops. 
 
1.d - Do groundwater supplies in your region lack resiliency after drought events? 
No, groundwater supplies have generally been resilient over the long-term. The region experiences years 
where almost 100% of demands are met with groundwater and other years when the vast majority of 
demands are met with surface water. After dry periods, the groundwater has generally recovered after a 
sufficient wet period, aided by a large network of groundwater recharge basins and natural groundwater 
recharge. The region experienced historic groundwater level lows in the 1930’s and 1940’s, but fully 
recovered by the 1980’s due to surface water development and wet periods. Recently, with consecutive 
dry years coupled with impacts from San Joaquin River Restoration, groundwater levels are in a state of 
decline. Reductions in State Water Project (SWP) water supply reliability have further aggravated the 
recovery.  
 
1.e - Are water use curtailment measures effective in your region? 
Urban agencies, such as the City of Porterville, have a variety of conservation measures and these are 
effective at reducing demands in dry years. Agricultural water supplies are ultimately controlled by the 
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hydrology and less surface water is delivered in dry years. This does not actually reduce water demands 
as growers pump groundwater to meet the remaining demand. If, however, groundwater levels continue 
to decline, then groundwater will become less reliable as the primary supply. The area has some hardened 
demand due to a large number of permanent plantings, so new (additional) water conservation programs 
may have to be implemented in the future if less surface water is available. Future curtailments may also 
be necessary due to recent State legislation that will require groundwater supplies to be managed for 
long-term sustainability. 
 
1.f - Are some instream flow requirements in your region either currently insufficient to support aquatic 
life, or occasionally unmet? 
All rivers and streams in the region are ephemeral and have never maintained year round fisheries. There 
are no minimum environmental releases in the local rivers and streams. 
 
2. Water Supply 
 
2.a - Does a portion of the water supply in your region come from snowmelt? 
Yes, the majority of surface water comes from snowmelt in the Tule River watershed. The watershed 
extends up to a maximum elevation of 9,300 feet and much of the precipitation occurs as snowfall. As a 
result, the region is vulnerable to climate change impacts on snow including earlier spring runoffs, less 
water storage as snowpack and more frequent rain-on-snow events that could result in more reservoir 
flood releases. 
 
2.b - Does part of your region rely on water diverted from the Delta, imported from the Colorado River, 
or imported from other climate-sensitive systems outside your region? 
No water is imported from the Colorado River into the Region. Water is imported from the San Joaquin 
River watershed, which generally has the same climate change vulnerabilities as the Tule River watershed. 
Delta water is not directly used in the region, but Delta water curtailments do have an important indirect 
impact on local groundwater supplies. Several water agencies located just west of the IRWMP area use 
Delta water. When Delta water deliveries are reduced they increase their reliance on large well fields 
located near the western border of the IRWMP area. These large well fields have notable impacts on 
groundwater levels in the region. The Friant Division, CVP contracts are based on an exchange requiring 
movement of water from the Delta to the exchanging entities and without the Delta diversions, the San 
Joaquin River Supply contribution to satisfying local demands would be considerably reduced.  
 
2.c - Does part of your region rely on coastal aquifers? Has salt intrusion been a problem in the past? 
No. The region does not rely on coastal aquifers. 
 
2.d - Would your region have difficulty in storing carryover supply surpluses from year to year? 
Storage reservoirs that serve the region include Kaweah Lake (Kaweah River) and Millerton Lake (San 
Joaquin River). Success Reservoir is operated by the USACE primarily for flood control. The reservoir 
volume is typically reduced to less than 10,000 AF in the fall to provide space for floodwaters. As a result, 
there is little to no potential for carryover storage. Millerton Lake has some limited capacity to store 
carryover water from year to year. The space to store the water and ability to keep it in storage, depends 
on the annual hydrology. In some years, agencies can carryover water, but in many years they cannot. The 
only real potential for improving carryover storage is through groundwater recharge and banking projects, 
unless new additional surface storage is built. 
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2.e - Has your region faced a drought in the past during which it failed to meet local water demands? 
Yes. Surface water supplies are reduced during droughts, but groundwater is generally used to meet 
shortfalls. As a result, almost all water demands have been met in past droughts. Recently, groundwater 
levels have reached close to historic lows and some wells have gone dry. Due to a very high demand for 
well drillers, some landowners have had to endure without a well for a period of time. But, in Terra Bella 
Irrigation District, the lack of surface water during drought conditions have failed to meet water demands 
of the District causing landowners to abandon farms. 
 
2.f - Does your region have invasive species management issues at your facilities, along conveyance 
structures, or in habitat areas? 
Some invasive plant species, such as Arundo Donax, can clog natural channels and canals if they are not 
properly managed, so most agencies include this as part of their maintenance activities. Agencies in the 
area have also been alerted to the potential for invasive species such as quagga mussels and how to help 
prevent their spread.  
 
3. Water Quality 
 
3.a - Are increased wildfires a threat in your region? If so, does your region include reservoirs with fire-
susceptible vegetation nearby which could pose a water quality concern from increased erosion? 
No major reservoirs are located in the IRWMP area, but Success Reservoir is located just east of the Tule 
River Basin. Wildfires around the reservoir and in the Tule River watershed could result in flooding or 
water quality problems in the local rivers. 
 
3.b - Does part of your region rely on surface water bodies with current or recurrent water quality issues 
related to eutrophication, such as low dissolved oxygen or algal blooms? Are there other water quality 
constituents potentially exacerbated by climate change? 
Local agencies use algaecides such as copper sulfate to control algae in conveyance facilities. These efforts 
are effective, but may have to be increased if climate change creates conditions that promote more algae 
growth. 
 
3.c - Are seasonal low flows decreasing for some waterbodies in your region? If so, are the reduced low 
flows limiting the waterbodies’ assimilative capacity? 
The region has experienced very dry years, where groundwater meets all water demands, to very wet 
years, where surface water meets most demands. Changes in annual low flows from climate change would 
be difficult to identify since low flows already vary due to natural climate variations and management of 
reservoir releases. The region will, however, continue to monitor and evaluate hydrologic data for long-
term trends. 
 
3.d - Are there beneficial uses designated for some water bodies in your region that cannot always be 
met due to water quality issues? 
No. Generally the surface waters have excellent quality, largely because they are derived from Sierra 
snowmelt. In a few isolated areas, the water has had quality problems from anthropogenic sources, such 
as herbicides. 
 
3.e Does part of your region currently observe water quality shifts during rain events that impact 
treatment facility operation? 
Yes. Surface waters in the region generally have good to excellent quality, but during storms turbidity 
values can increase substantially and can affect operations at groundwater recharge facilities.  
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4. Sea Level Rise 
 
The Tule Basin is approximately 100 miles from the ocean and several hundred feet above existing sea 
level, so sea level rise is not a concern. 
 
5. Flooding 
 
5.a - Does critical infrastructure in your region lie within the 200-year floodplain? DWR’s best available 
floodplain maps are available at: 
http://www.water.ca.gov/floodmgmt/lrafmo/fmb/fes/best_available_maps/. 
Significant infrastructure, including some critical infrastructure, lies within the 200-year floodplain of the 
Tule River. 
 
5.b - Does part of your region lie within the Sacramento-San Joaquin Drainage District? 
No. 
 
5.c - Does aging critical flood protection infrastructure exist in your region? 
No significant levee system is associated with the Tule River. Success Dam was constructed in the 1958 - 
1961, but is considered to be in good condition. 
 
5.d - Have flood control facilities (such as impoundment structures) been insufficient in the past? 
No. Flood control facilities have performed adequately in the past. Large floods in the 1950s prompted 
the construction of Success Dam, whose primarily function is flood control. Since then the dam has 
prevented large scale flooding in the Tule River Basin, although the reservoir is undersized for a very large 
flood. Localized flooding does commonly occur along creeks and due to poor drainage in some areas. 
 
5.e - Are wildfires a concern in parts of your region? 
Wildfires are generally not a concern in the region. They are a concern, however, in the Tule River 
watershed. Wildfires can result in flooding, severe short-term erosion and water quality degradation of 
surface waters.  
 
6. Ecosystem and Habitat Vulnerability 
 
6.a - Does your region include inland or coastal aquatic habitats vulnerable to erosion and 
sedimentation issues? 
No. 
 
6.b - Does your region include estuarine habitats which rely on seasonal freshwater flow patterns? 
No. 
 
6.c - Do climate-sensitive fauna or flora populations live in your region? 
Yes. A large variety of flora and fauna are found in the Tule River Basin and some are likely climate 
sensitive. The region is highly developed so some have limited ability to migrate as a means of adapting 
to climate change. 
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6.d - Do endangered or threatened species exist in your region? Are changes in species distribution 
already being observed in parts of your region? 
Yes, a number of threatened and endangered species are found in the Tule River Basin. It is unknown if 
species distribution is occurring due to climate change since little data is available on the topic. 
 
6.e - Does the region rely on aquatic or water-dependent habitats for recreation or other economic 
activities? 
There are limited recreational opportunities in the local river system, including swimming, canoeing and 
bird watching. These have a relatively small impact on the local economy. 
 
6.f - Are there rivers in your region with quantified environmental flow requirements or known water 
quality/quantity stressors to aquatic life? 
The Tule River and Deer Creek have historically been ephemeral and do not have minimum flow 
requirements. They have never supported a year-round fishery. 
 
6.g - Do estuaries, coastal dunes, wetlands, marshes, or exposed beaches exist in your region? If so, are 
coastal storms possible/frequent in your region? 
No.  
 
6.h - Does your region include one or more of the habitats described in the Endangered Species 
Coalition’s Top 10 habitats vulnerable to climate change (http://www.itsgettinghotoutthere.org/)? 
The Tule River Basin is not included in the list of ‘Top 10 Habitats Vulnerable to Climate Change’ referenced 
above. The watershed, however, is located in the Sierra Nevada Mountains, which is on the list. 
 
6.i - Are there areas of fragmented estuarine, aquatic, or wetland wildlife habitat within your region? 
Are there movement corridors for species to naturally migrate? Are there infrastructure projects 
planned that might preclude species movement? 
The area is largely developed with agriculture, ranches and urban areas. Habitat is generally fragmented 
in the Tule River Basin. Wildlife could feasibly travel between habitat areas through agricultural land, 
ranch land or along the river corridors. No large infrastructure projects are planned that would further 
preclude species movement. 
 
7. Hydropower 
 
7.a - Is hydropower a source of electricity in your region? 
No hydropower facilities are located in the Tule River Basin below Success Dam. The upstream Tule River 
power generating facility is located on the discharge from Success Reservoir, which is outside the Tule 
River IWRM Boundary. 
 
7.b - Are energy needs in your region expected to increase in the future? If so, are there future plans for 
hydropower generation facilities or conditions for hydropower generation in your region? 
Energy demands will likely increase due to population growth. Energy conservation could help to reverse 
this trend. No major hydropower projects are planned for the area, with a second unit expansion of the 
Success Powerplant being deemed currently not feasible. Some small hydropower projects might be 
developed along canals, but these would be very small and produce only a small amount of energy. 
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O.5.1 Summary of Vulnerability Assessment  
 
 

Table O-6. Resource Management Strategies to Address Local Climate Change Vulnerabilities  
 

Category Vulnerabilities Resource Management Strategies 

Water Demand 
Seasonal variability, climate-

sensitive crops, high crop water 
demands 

Agricultural water use efficiency; Urban 
water use efficiency;  Agricultural lands 

stewardship; Economic Incentives; 
Outreach and Engagement; 

Water Supply 

Decreased snowpack storage, 
Diminished groundwater 

supplies, extreme drought 
events, 

Conveyance – Regional/Local; System 
reoperation; Conjunctive Management 
and Groundwater Storage; Precipitation 

Enhancement; Recycled municipal water; 
Surface Storage – CALFED; Surface Storage 

– Regional/Local; Watershed 
Management; 

Water Quality 

Lower dissolved oxygen levels in 
waterbodies, increased 

sedimentation and turbidity, 
potential algal blooms and 

eutrophication 

Agricultural lands stewardship; Ecosystem 
restoration; Recharge Area Protection; 

Sediment Management; Drinking Water 
Treatment and Distribution; Groundwater 
Remediation /Aquifer Remediation; Land 
Use Planning and Management; Matching 
Quality to Use; Pollution Prevention; Salt 
and Salinity Management; Urban Runoff 
Management; Watershed Management; 

Sea Level Rise Basin is not coastal N/A 

Flooding High runoff from wildfire and 
rain-on-snow events 

Flood risk planning; Agricultural lands 
stewardship; Land Use Planning and 

Management; Urban Runoff Management; 

Ecosystem and 
Habitat 

Vulnerability 

Climate sensitive flora and 
fauna32, endangered or 

threatened species, climate 
sensitive habitats31, habitat 

fragmentation and degradation 

Agricultural lands stewardship; Ecosystem 
restoration; Forest Management; 

Recharge Area Protection; Sediment 
Management; Land Use Planning and 

Management; Pollution Prevention; Salt 
and Salinity Management; Watershed 

Management; 

Hydropower Increased energy demands 

System Reoperation; Agricultural water 
use efficiency; Urban water use efficiency; 

Conjunctive Management and 
Groundwater Storage; 
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O.5.2 Vulnerability Prioritization 
 
The assessment identified above noted climate change vulnerabilities in the Tule River Basin. These all 
need to be addressed to some extent, but the higher priority vulnerabilities are described below. These 
vulnerabilities are listed in their order of importance based on urgency, risk, and feasibility of addressing 
vulnerability using the previously mentioned resource management strategies. 

 
Table O-7. Vulnerabilities are Prioritized based on Urgency, Feasibility to Address and Risk  

 

Priority Category Vulnerability Urgency 
Feasibility of 
Addressing 

Vulnerability 
Risk 

1 Water Demand Seasonal Variability High High High 

1 Water Supply Decreased Snowpack 
Storage High High High 

1 Water Quality 
Increased 

Sedimentation and 
Turbidity 

High Medium High 

1 Water Quality 

Algal Blooms, 
Eutrophication and 
other water quality 

problems 

High Low High 

1 Flooding Wildfires High Medium High 

2 Water Demand Increasing Crop Water 
Demands Medium Low High 

2 Water Supply Drought High Low Medium 
2 Flooding Rain-On snow events High Low Medium 

2 
Ecosystem and 

Habitat 
Vulnerability 

Habitat Fragmentation 
and Degradation Medium High Medium 

2 
Ecosystem and 

Habitat 
Vulnerability 

Climate Sensitive Flora 
and Fauna Low Low High 

3 Water Demand Climate Sensitive Crops Low Medium Medium 

3 Water Supply Diminished 
Groundwater Supplies Low Low Medium 

3 Hydropower Increased Energy 
Demands Medium Medium Low 

 
 
O.5.3 Further Data Gathering and Analysis of Prioritized Vulnerabilities 
 
Future data gathering and analysis will fall under two broad categories: 1) hydrologic and meteorologic 
data to characterize climate change trends, and 2) climate change literature and related legislation. 
 
The Tule River Basin includes an extensive monitoring network that provides data on streams, rivers, 
reservoirs, groundwater and climate. This data will continue to be evaluated on a regular basis and 
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potential trends will be identified. Changes in hydrology and climate can be caused by climate change or 
simply natural variability, but long-term consistent changes could point towards climate change. These 
monitoring programs are evaluated on a regular basis and, if needed, they will be expanded so they can 
adequately assess climate change. 
 
A substantial number of climate change publications are produced each year, including some that assess 
local climatic conditions in the Tule River area. These studies are performed by various government 
agencies, non-governmental organizations, academic institutions and graduate students. The Regional 
Water Management Group will take advantage of these efforts and regularly review literature that comes 
from reputable sources. 
 
The Regional Water Management Group will also monitor climate change related legislation that could 
impact project operations, regulatory requirements, project funding and greenhouse gas emissions. 
 
 
O.6 Climate Change Adaption 
 
Due to the unavoidability of Climate Change impacts, adaption is a primary component of effective 
Climate Action Planning. Climate change adaption involves assessing regional vulnerabilities to climate 
change impacts in order to develop strategies to increase regional resiliency if, and when, those impacts 
do occur.  Adaption strategies can range from infrastructure improvements to changes in public policy, 
however they must have the goal to help the region adapt to climate change impacts.  
 
This section will address the direct impacts of climate change on the region, discuss their implications on 
local ecology, the economy, and public safety, and identify adaption solutions to increase the region’s 
resilience to climate change.  
 
 
O.6.1 Water Supply 
 
As previously discussed, increased temperatures and irregular precipitation patterns would impact water 
supply in a variety of ways. A reduction in water supply would have the greatest impact on agriculture, 
which is the region’s primary economic driver. Decreased water supply could reduce the region’s 
agricultural productivity, which would greatly impact the local economy. Additionally, a reduction in water 
supply could lead to water shortages in the region’s low income unincorporated communities which could 
result in impacts to public safety.  
 
Adapting to reductions in water supply caused by climate change will involve two overarching strategies: 
Reducing water demand and increasing water supply. Strategies to reduce water demand include 
technological investments to increase agricultural and urban water use efficiency, promotion of low water 
or drought tolerant crops, monetary incentives, and public outreach and education. Strategies to expand 
water supplies include conjunctive management, recycling of wastewater, and expanding surface water 
storage and groundwater recharge facilities.  
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O.6.2 Water Quality 
 
Increased water temperature, storm severity and stream instability could lead to eutrophication, as well 
as excess runoff and sedimentation which would have a large impact on water quality in the region. This, 
in turn, would impact ecosystem health and pubic safety.  
 
Increased temperatures could decrease the oxygen content in water, which would negatively impact 
aquatic ecosystems. This impact could be reduced through the creation of deep pools or artificial logjams, 
which would provide shade or deep water that limits direct heating from sunlight. These would serve as 
a biotic refugia to support biological communities.  
 
Impacts of excessive runoff and sedimentation can be reduced through green infrastructure strategies, 
including implementation of retention ponds and stormwater tree trenches to store and filter stormwater 
runoff.  Impacts of impaired water quality on public safety can be addressed through implementation of 
water treatment facilities. 
 
 
O.6.3 Flooding 
 
Flooding as a result of increased storm severity and reduced vegetative cover could cause significant 
impacts to infrastructure and public safety. The impacts of flooding can be minimized by increasing 
capacity for wastewater and stormwater collection and treatment and building flood barriers to protect 
major infrastructure. Additionally, policies can be implemented to restrict building in flood-prone areas 
and relocate critical facilities to higher elevations.  
 
 
O.6.4 Saltwater Intrusion 
 
Saltwater intrusion as a result of sea level rise would impair water supply from the San Joaquin Delta, 
which would significantly impact the region’s total water supply. Adapting to saltwater intrusion will 
require reducing dependence on the Delta to support agricultural production.  The regions dependence 
on the delta can be reduced by increasing agricultural water use efficiency, promoting drought tolerant / 
low water crops, and practicing conjunctive management strategies. 
 
 
O.7 Consideration of Greenhouse Gas Emissions in Project Review Process 
 
Climate change mitigation can be achieved by reducing energy demands, improving energy efficiency and 
carbon sequestration. These will help to reduce greenhouse gas (GHG) concentrations in the atmosphere. 
Climate change mitigation will require global cooperation, but the Regional Water Management Group 
supports reasonable efforts to make their own local contribution. As a result, it is sensible to consider 
impacts to GHG when selecting and prioritizing projects. This criterion will generally be a lower priority 
than water supply or water quality, but it is still considered important. When projects are reviewed and 
prioritized the project proponents will need to answer the following questions: 
 

1. Will this project increase greenhouse gas emissions? If yes, explain how and quantify. 
2. Will this project result in reduced greenhouse gas emissions? If yes, explain how and quantify. 
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O.8 Consideration of Climate Change in Project Review Process 
 
As previously discussed, climate change could have many adverse effects on the region including changes 
in the timing and amount of precipitation, higher evaporation and transpiration from higher 
temperatures, increased frequency of droughts and floods, reduction in water quality, increased wildfires 
and increased presence of certain pests. 
 
Developing projects that can address these issues is important. When projects are reviewed and 
prioritized their contribution to addressing climate change will be considered. In particular, project 
proponents will need to answer the following questions: 
 

1. Will the proposed project reduce vulnerability to anticipated impacts from climate change? If yes, 
explain and quantify. 

2. Will the proposed project help the region to adapt to climate change impacts, or increase 
resiliency to climate change impacts? If yes, explain and quantify. 

3. Will the proposed project help to increase the region’s understanding of climate change impacts 
and local vulnerabilities? If yes, please explain. 
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Section P – Water Management Opportunities  
 
 
P.1 Introduction 
 
This section concludes the IRWM Plan by identifying opportunities to improve regional water 
management. In doing so, this section:  
 

1. Identifies solutions to stakeholder identified problems 
2. Discusses the processes of plan implementation 
3. Illustrates project integration to meet multiple resource management objectives 

 
 
P.2 Water Management Opportunities 
 
P.2.1 Water Supply Augmentation Measures 
 
There are a number of water supply augmentation measures which are currently being contemplated. 
Amongst these are programs which are pertinent to other organizations and those which are driven by 
regulations and guidelines. As is the case with the IRWMP area, these programs have somewhat of a 
division between municipal and industrial water management issues and those of the agricultural 
community. 
 
Augmentation measures related to municipal and industrial uses include putting shuttered groundwater 
extraction facilities back into operation with the assistance of treatment methodologies. As shuttering 
wells from systems due to contamination often causes a skew within the groundwater reservoir, problems 
associated with mounding and over-drafting can be partially addressed with a more even distribution of 
water extraction made available by utilizing mechanisms such as well head treatment. 
 
A water supply augmentation program is currently operated by the  Lower Tule River Irrigation District. 
Under this program, partners of the Lower Tule River Irrigation District participate in the construction of 
groundwater banking facilities and the purchase of water supplies during wet years to recharge these 
facilities. The partners have access to this water in dry years when local water supplies are insufficient to 
meet demand. This program is collaborative, encourages groundwater sustainability, and increases the 
district’s resiliency to drought and climate change. This program could be expanded throughout the 
IRWMP area to increase supply in other water management planning areas.  
 
Several opportunities exist to address agricultural water supply augmentation. These opportunities vary 
in terms of their level of development. One developed program involves those related to the San Joaquin 
River Restoration Settlement actions. This program offers funding assistance for programs which are 
designed to replace the water supply lost as a result of previously allocated water from the San Joaquin 
River to the River below Millerton Reservoir for purposes of reintroduction and maintenance of an 
anadromous fishery. Most, if not all members of DCTRA are affected by the Settlement action and are 
therefore eligible to participate in the program to mitigate the effects of Settlement implementation. 
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A program involving the improvement of the surface water distribution system in the northern part of the 
Porterville Irrigation District is currently in the project development phase. While it would be a paradigm 
shift for the PID to deliver water directly to all of its landowners/growers, the Board of Directors is 
considering this program due to the declining levels of groundwater in the subject area. PID would utilize 
its Friant Division, CVP contract as the principal mechanism to provide water to these facilities, augmented 
from agreements with mutual water companies with pre-1914 water rights from the Tule River. 
 
Additional programs have been discussed to augment the water supply and improve the delivery of water 
to concentrated water use areas, such as East Porterville.  Augmentation of the groundwater extractions 
in this area would allow for existing groundwater conditions to remain, to the extent that demand could 
be offset by an imported supply in lieu of groundwater pumping. This program would provide benefit to 
East Porterville, a portion of the agricultural community, and downstream municipal and industrial users, 
such as the City of Porterville. 
 
Programs based on cooperative partnerships between municipal and industrial water consumers are 
currently being developed. For example, the City of Porterville works with property owners to recycle 
wastewater for agricultural use outside of town. This augments groundwater supply for municipal and 
industrial purposes. 
  
Banking programs have been developed which call for partners to supply Central Valley Project water 
water (Friant Division Class 1) for groundwater recharge during above-normal and wet years in exchange 
for water reimbursement during dry years.  The amount of water required from partners during wet years 
is determined based on negotiated ratios that reflect the value of dry year surface water entitlement.  
 
 
P.2.2 Water Demand Reduction Measures 
 
A number of water demand reduction measures are already in effect within the DCTRA IRWM area. 
Principal amongst these are the utilization of rate structures associated with metered deliveries for 
domestic, commercial and industrial consumption with accompanying rate structures which can be varied 
to encourage conservation. In addition, household plumbing retrofits and installation of improved 
technology, including low-flow plumbing devices, are mandated to be installed in new construction, as 
well as retrofits requiring a building permit. 
 
On the agricultural use side, considerable improvement in agricultural irrigation delivery efficiency has 
been accomplished over the last several decades. Complete conversion of fields from furrow and flood 
irrigation to low-volume micro sprinkler and drip irrigation has occurred. These conversions are common 
within the permanent plantings areas of IRWMP area. The greatest opportunity for demand reduction, 
however, is that associated with the elimination of multi-cropping in a single year. Double cropping in 
certain parts of the IRWMP area is common as the growing season is year-round and readily 
accommodates both summer and winter crops. In some cases, adjustment of crop types and the nature 
of the harvest has allowed for both triple-cropping and quadruple-cropping. The impacts of these cropping 
choices on the groundwater reservoir when there is insufficient surface water supply is beginning to be 
understood. It is likely that demand reduction procedures undertaken in the future will call for the 
reduction and/or elimination of a significant portion of this multiple-cropping if declining groundwater 
level trends are to be abated. 
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P.2.3 Flood Control Projects and Programs 
 
Flood control facilities are being considered for Frashier Creek, Deer Creek and White River. In addition, 
off-stream storage related to the Friant-Kern Canal and its relationship to flood flows on the San Joaquin 
River has given rise to the evaluation of Hungry Hollow as a potential off-stream storage site. This concept 
was included in the proposed East Side Division, CVP, the planning of which was abandoned by the U.S. 
Bureau of Reclamation. To date, projects on minor stream systems have not been given consideration due 
to the low-volume discharges from these facilities and the infrequency of storm-water and flood related 
events.  Whether this remains the situation in the future is yet to be determined. 
 
 
P.2.4 Water Quality Improvement Opportunities 
 
The most significant future opportunities for groundwater quality improvement lie in outreach education 
and employment of Best Management Practices related to application of pesticides and herbicides. This 
educational component applies to both the urban and rural development regions of the IRWM area, as 
well as the agricultural areas. Both areas are potential sources of contamination leading to the 
degradation of groundwater supplies. Avoidance of contamination is the strongest method to assuring 
future beneficial use capability of existing surface and groundwater supplies. 
 
The pilot disadvantaged community drinking water outreach program currently being developed by the 
Kaweah Delta Water Conservation District (KDWCD), will hopefully identify additional water quality 
improvement opportunities. It is acknowledged that most water quality improvements within both the 
KDWCD IRWMP area and the DCTRA IRWMP area will be oriented to human consumption purposes. Levels 
of constituents, such as those of nitrates, may benefit agriculture but are averse to human health. 
Likewise, pumping groundwater with residual quantities of DBCP and 1,2,3-TCP is not averse to 
agricultural operations and allows for reduction in the level of these contaminants in the environment, 
but can lead to volatilization associated with pumping and exposure to sunlight when applied for irrigation 
application purposes. The pursuit of the implementation of this pilot program is currently a priority of 
Tule River Basin IRWM and, to date, has received a positive response from the representatives of potential 
beneficiaries of this process. 
 
 
P.3 Other Water Management Measures 
 
P.3.1 Land Use Policies 
 
Of critical importance in the water resources management opportunities which exist within the DCTRA 
IRWMP area, is the matter of improved land use policy decisions. Currently, most land use policy decisions, 
particularly those which allow for the placement of developed subdivisions and farmworker housing 
installations in areas with known groundwater contamination, occur without thought to that existing 
contamination. It is a goal of the DCTRA IRWMP to intensify discussions with land use policy decision 
makers, bringing attention to the gravity of this situation and providing input as to how their land use 
planning policies could avoid many of the adverse drinking water situations which are being developed. If 
the resolution of providing high quality drinking water to rural residents is to be properly addressed, the 
land use policy decision making process is the first and foremost arena in which attention to improvement 
needs to be given.  
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P.3.2 Water Supplies for New Development 
 
In addition to groundwater quality, groundwater quantity should be taken into account when addressing 
the proper placement of new development to ensure adequate water supplies exist. Policies, such as 
those that have been developed for the City of Porterville to evaluate the relationship between the 
development of a project and water balance, will need to be extended to other areas within the region.  
 
These policies have resulted in a recommendation to require impact fees for developed projects to 
generate funding to for future water purchase.  Additional policy considerations associated with the City 
of Porterville will also need to be given in the future. Their recent policy, calling for maintaining a position 
of only extracting water from the groundwater reservoir where said extractions are within the safe yield 
of the groundwater structure, will bring about a myriad of changes in lifestyle. In particular, landscaping 
considerations under this type of policy adoption would be considerably different than those which 
currently exist. High volume demands for landscaping during summer months would virtually need to be 
eliminated. In addition, conservation practices would need to be employed, such as the rural practice of 
utilizing water supplies to introduce moisture into the dirt for dust abatement and atmospheric cooling 
conditions. In an over-drafted groundwater basin, it is envisioned that future policies will be directed 
principally at these two related urban water uses. New developments will lead the way with landscaping 
requirements and provisions for dust control built into project development considerations. Eventually, it 
is envisioned that the policies and procedures which are generated as a result of applications for new 
development will roll over into existing rural development related ordinance restrictions. It is 
acknowledged that the current groundwater declining trends cannot be sustained into the future with 
water uses remaining status quo. 
 
 
P.3.3 Agricultural Crop Water Management Measures 
 
Previously noted, water demand reduction measures potentially exist where multiple cropping patterns 
contribute high water demands and groundwater overdraft. In addition to exacerbating water quality 
related concerns, over-drafting can lead to increased power consumption related to pumping, the need 
to develop additional power grid improvements to accommodate increases in power demand, and falling 
groundwater conditions which both reduces the useful life of the pumping unit and creates adverse 
conditions from an aesthetic perspective. 
 
Already existing, but in somewhat an aggravated current condition, is the matter of subsidence. The 
importation of water, both on the east and west sides of the IRWMP area, has led to groundwater 
extractions over-drafting principally sand and gravel aquifers, in lieu of pulling water from the clay lenses 
in groundwater wells. Over-draft conditions currently occurring within the IRWMP planning area are 
pulling water molecules out of the clay lenses which eliminates the support structure offered by the water 
molecules and can lead to collapse due to the loss of structural support. Once this happens, the water 
storage capacity is permanently lost due to the weight of the overburden on the clay lens. 
 
In addition to interference with the gravity delivery of surface water, numerous structural problems 
associated with roadways, drainage systems and constructed buildings, including single-family residences, 
occur. Evidence of this subsidence accelerating beyond historic levels is beginning to be documented. An 
element of the DCTRA Groundwater Management Plan is associated with documentation of this 
occurrence and the degree to which it exists. Improvements and a more significant outreach in this regard 



Tule River Basin Integrated Regional Water Management Plan 
Section P – Water Management Opportunities 

 
 

March 2019 P-5 

are anticipated to be incorporated into the next update to the DCTRA Groundwater Management Plan, 
which is currently in progress. 
 
 
P.3.4 County Systems Infrastructure Improvements 
 
As the County of Tulare has elected to act in the role as lead agency for several rural hamlet water systems, 
monthly costs associated with the operation and maintenance of these systems has been observed to be 
a major issue. At the current time, many of these systems are having their costs subsidized by the General 
Fund of the County of Tulare and several attempts to correct this trend through Proposition 218 related 
procedures have met with failure. It should be recognized that this situation will intensify in the future as 
these systems become older and maintenance costs increase. Additionally, the costs associated with the 
replacement of obsolete and deteriorated facilities is high.  
 
The affordability of drinking water supplies that meet applicable state and federal drinking water 
standards is a primary land use should become a critical element in water management planning. Systems 
deterioration and abandonment due to the lack of proper financial planning and land use planning are 
situations which are to be avoided based on policies and procedures associated with this IRWMP. 
 
 
Pilot Studies 

 
In an attempt to begin to address the issues related to disadvantaged community water supply and water 
quality related issues, the County of Tulare acted as lead agency for a multi-county effort to address water 
and wastewater related issues for disadvantaged communities. Four counties took part in this effort. The 
pilot studies address issues not only related to water quality, water supply and their related technical 
issues, but also administrative, managerial and finance issues critical to the maintenance and well-being 
of rural water supply systems. The fourth pilot study deals with individual household water supply and 
wastewater treatment and disposal systems. The final report is completed and is available for use. 
 
 
SCADA Expansion 

 
Another water management measure which is increasing in its importance to optimized water 
management is the installation and maintenance of Supervisory, Control and Data Acquisition Systems. 
Otherwise known as SCADA Systems, installation of same allows for remote monitoring and remote 
control of water management related facilities. Whether these facilities are surface water oriented, 
groundwater oriented or in response to power production, significant efficiencies can be achieved 
through the utilization of this equipment and its related software systems. Consideration of increased 
design, installation and maintenance of these systems within the IRWMP area is encouraged and offers 
opportunity for improved management of available water supply resources. 
 
 





Section Q

Stormwater/Flooding Study





Tule River Basin Integrated Regional Water Management Plan 
Section Q – Stormwater/Flooding Study 

 

 November 2018 Q-1 

 
Section Q – Stormwater/Flooding Study 
 
 
Q.1 Introduction 
 
Q.1.1 An Integrated Approach to Stormwater Management 
 
Stormwater management is an often-overlooked component of resource planning, however effective 
stormwater management can be used to meet a range of objectives. While traditional stormwater 
management typically occurs within a single agency on a local scale, an integrated approach to 
stormwater management focuses on facilitating collaboration between utility districts, land use 
agencies, and environmental interest groups to develop comprehensive stormwater management 
solutions.  
 
 
Q.1.2 What is Stormwater? 
 
Stormwater is defined by the US EPA as runoff that is generated form rain and snowmelt events that 
flow over land or impervious surfaces and does not soak into the ground.  
 
When water is not able to percolate into the ground, it is moved downhill by gravity until it reaches a 
common low point such as a stream, lake, or storm drain. The journey of stormwater from the point 
where precipitation hits the ground to the point it enters into local water bodies provides great 
opportunity for pollutants to be picked up and distributed into local surface water. Common pollutants 
found in storm sewers and creeks include motor oil, pesticides, brake dust, animal wastes, paint, and 
household chemicals. Because stormwater is not treated prior to being discharged, it can be a significant 
contributor to surface water pollution.  
 
In addition to degraded water quality, improper management of stormwater can result in increased 
flooding. Water that is unable to infiltrate into the soil runs off and ultimately accumulates in low lying 
areas where flooding occurs. This can pose risks to human safety and cause significant damage to 
infrastructure.  
 
 
Q.1.3 Benefits of Effective Stormwater Management  
 
Effective stormwater management can result in a variety of environmental and economic benefits. 
These include: 
 

• Reduced potential for water pollution 
• Reduced potential for flooding 
• Reduced stream bank erosion 
• Increased groundwater recharge 
• Improved climate change resiliency  
• Improved efficiency of surface water resource use 
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Q.1.4 Tule River Basin Regional Stormwater/Flooding Study Objectives 
 
The Tule River Basin Stormwater/Flooding Study is intended to provide an evaluation of existing 
stormwater infrastructure within the Tule River Basin IRWMP Region, and to identify opportunities for 
stormwater management improvement. The following objectives were identified based on direction 
from the Deer Creek and Tule River Authority (DCTRA) to guide the Tule River Basin 
Stormwater/Flooding Study: 
 

1. Provide an overview of existing stormwater management within the Tule River Basin Integrated 
Regional Water Management Planning area.  

2. Identify stormwater data needs within the region 
3. Identify areas where improved stormwater management would be most beneficial 
4. Identify projects to reduce stormwater-related impacts 

 
 
Q.1.5 Elements of the Stormwater/Flooding Study 
 
The Tule River Basin Stormwater/Flooding Study will include the following elements for review: 
 

• Tule River Basin Planning and Regulatory Framework 
• Existing Conditions within the Planning Area 
• Existing Stormwater Management Infrastructure 
• Opportunities for Improvement 
• Stormwater Management Design Concepts 
• Funding Opportunities 

 
 
Q.2 Regulatory Setting 
 
Q.2.1 Federal Regulatory Setting 
 
Clean Water Act: The Clean Water Act (CWA) is enforced by the U.S. EPA and was developed in 1972 to 
regulate discharges of pollutants into the waters of the United States. The Act made it unlawful to 
discharge any pollutant from a point source into navigable waters unless a National Pollution Discharge 
Elimination System (NPDES) Permit is obtained. The Act provides California Water Boards with the 
authority to regulate storm water discharges under the NPDES Permitting Program.  
 
 
Q.2.2 State Regulatory Setting 
 
The planning area is within the jurisdiction of the Central Valley Regional Water Quality Control Board 
(RWQCB). The Central Valley WQCB enforces State and Federal laws related to stormwater 
management. Regulatory programs implemented by the RWQCB are as follows: 
 

• Municipal Separate Storm Sewer System (MS4) Permits regulate stormwater and certain non-
stormwater discharges from small, medium and large municipal storm sewer systems. MS4s are 
regulated under one of the following NPDES stormwater permitting program phases: 
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1. Phase 1 MS4 permits regulate storm water permits for medium (serving between 100,000 

and 250,000 people) and large (serving 250,000 people or more) municipalities. Phase I 
permits are issued by Regional Water Boards for municipalities within the corresponding 
region. 

 
2. The Statewide Phase II MS4 permit regulates small municipalities (population of less than 

100,000 people) and non-traditional small operations such as military bases, public 
campuses, prisons and hospital complexes that are not jointly regulated under a Phase I 
MS4 permit. The Statewide Phase II MS4 Permit is issued by the State Water Resources 
Control Board 

 
• A Statewide California Department of Transportation Phase 1 MS4 Permit is used to regulate 

stormwater and certain non-stormwater discharges from Caltrans’ properties and facilities, and 
discharges associated with operation and maintenance of the State highway system. 

 
• A Statewide Construction Storm Water General Permit regulates stormwater and certain non-

stormwater discharges from construction projects that disturb one or more acres of land 
surface, or that are part of a common plan of development or sale that disturbs one or more 
acres of land surface. This permit requires discharges to develop a stormwater pollution 
prevention plan; implement best management practices prevent or reduce erosion, 
sedimentation, and pollutants in discharges from construction sites; and comply with post-
construction standards. 

 
• Statewide Industrial Storm Water General Program: Stormwater generated from industrial 

activities is regulated by the Statewide Industrial General Permit. The permit requires specific 
industrial facilities to implement best management practices to reduce or prevent pollutants in 
their stormwater and authorized non-stormwater discharges, and requires dischargers to 
develop a stormwater pollution prevention plan.  

 
 
Q.2.3 Local Regulatory Setting 
 
Tulare County Storm Water Quality and Regulation Ordinance 
 
The Tulare County Storm Water Quality and Regulation Ordinance is the primary ordinance to pertaining 
to stormwater management in unincorporated areas of the County. The ordinance establishes methods 
for controlling the introduction of pollutants into the storm drain system in order to comply with the 
requirements of the NPDES Permit process. The Objectives of the Ordinance are as follows: 
 

1. To regulate the contribution of pollutants by a Person to the storm drain system; 
2. To prohibit Illicit Connections and Discharges to the storm drain system; 
3. To establish legal authority to carry out all inspection, surveillance monitoring and enforcement 

procedures necessary to ensure compliance with this Chapter and the associated rules and 
regulations adopted by the Tulare County Board of Supervisors. 

 
 
 



Tule River Basin Integrated Regional Water Management Plan 
Section Q – Stormwater/Flooding Study 

 

 November 2018 Q-4 

Tulare County General Plan 
 
The Tulare County General Plan identifies the following goals and policies related to stormwater 
management: 
 

Goal PFS.4: To ensure the management of stormwater in a safe and environmentally sensitive 
manner through the provision of adequate storm drainage facilities that protect people and 
property. 

 
• PFS-4.1 Stormwater Management Plans. The County shall oversee, as per Community Plan 

Content Table PF-2.1 and Specific Plan Content, Hamlet Plans Policy PF-3.3, and Table LU-4.3, 
the preparation and adoption of stormwater management plans for communities and hamlets 
to reduce flood risk, protect soils from erosion, control stormwater, and minimize impacts on 
existing drainage facilities, and develop funding mechanisms as a part of the Community Plan 
and Hamlet Plan process. 

• PFS-4.2 Site Improvements. The County shall ensure that new development in UDBs, UABs, 
Community Plans, Hamlet Plans, Planned Communities, Corridor Areas, and Area Plans includes 
adequate stormwater drainage systems. This includes adequate capture, transport, and 
detention/retention of stormwater. 

• PFS-4.3 Development Requirements. The County shall encourage project designs that minimize 
drainage concentrations and impervious coverage, avoid floodplain areas, and where feasible, 
provide a natural watercourse appearance. 

• PFS-4.4 Stormwater Retention Facilities. The County shall require on-site detention/retention 
facilities and velocity reducers when necessary to maintain existing (pre-development) storm 
flows and velocities in natural drainage systems. The County shall encourage the multi-purpose 
design of these facilities to aid in active groundwater recharge. 

• PFS-4.5 Detention/Retention Basins Design. The County shall require that stormwater 
detention/retention basins be visually unobtrusive and provide a secondary use, such as 
recreation, when feasible. 

• PFS-4.6 Agency Coordination. The County shall work with the Army Corps of Engineers and other 
appropriate agencies to develop stormwater detention/retention facilities and recharge 
facilities that enhance flood protection and improve groundwater recharge. 

• PFS-4.7 NPDES Enforcement. The County shall continue to monitor and enforce provisions to 
control non-point source water pollution contained in the U.S. Environmental Protection Agency 
National Pollution Discharge Elimination System (NPDES) program. 

 
 
City of Porterville General Plan 
 
The City of Porterville General Plan identifies the following goals and policies pertaining to stormwater 
management:  
 

Goal PU-G-4: Provide a comprehensive storm drainage system to protect life and property. 
 

• PU-I-18 Update and implement the Storm Drain Master Plan. This plan will include water quality 
protection for areas where runoff may enter river, slough or groundwater. It also will include: 
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1. Standards for limiting impervious surfaces to minimize runoff during storm event; 
2. Design and landscaping standards for stormwater storage basins; 
3. An analysis of the feasibility of multi-use water basins; and 
4. Financial mechanisms for construction and maintenance. 

 
• PU-I-19 Require new development to provide storm drainage facilities and/or pay a storm 

drainage impact fee, consistent with the Storm Drain Master Plan. 
 
 
Unincorporated Community Plans 
 
Several unincorporated communities exist within the IRWMP area. The communities with formal 
community plans include: 
 

• Alpaugh 
• Allensworth 
• Pixley 
• Tipton 
• Terra Bella 
• Ducor 

 
These community plans are approved under the Tulare County General Plan and provide a framework 
for stormwater management within their respective urban development boundaries. Shared policies 
related to stormwater management included in these unincorporated community plans are as follows:  
 

• LA-13: Retention basins visible to public view and common open spaces should be contoured 
and landscaped in a creative manner to minimize a harsh utilitarian appearance. When feasible, 
it is recommended to beneficially use the run-off storm water as supplemental watering for the 
landscape plants. 

• Housing Element 3.16: Actively seek federal, state, and private foundation grant funds for park 
and recreation facilities in unincorporated areas, including dual-use storm drainage ponding 
basins/recreation parks. 
 

In addition to shared policies, some communities have adopted individualized goals and policies related 
to stormwater infrastructure. These goals and policies are listed below.  
 
 
Pixley Community 
 
Goal: Pixley PUD, along with Tulare County should explore ways to improve drainage in the planning 
area. Consideration should be given to sizing the basin to accommodate drainage from the existing 
developed areas as well as new development. This will, of course require construction of drainage 
improvements in the existing neighborhoods. Funding for such a project presents a difficult challenge. 
Providing a community-wide drainage system should be a high priority for Pixley PUD and Tulare County. 
 
 
 



Tule River Basin Integrated Regional Water Management Plan 
Section Q – Stormwater/Flooding Study 

 

 November 2018 Q-6 

Policy: 
 
• 10.1 The extension of water and sewer facilities into the planning area shall implement the 

policies of this Plan and the goals and policies of the Tulare County General Plan. 
• 10.2 The Pixley PUD shall explore extending their boundaries to provide service to areas in Pixley 

UDB. 
• 10.3 The Tulare County Local Agency Formation Commission should amend the Sphere of 

Influence of the Pixley PUD so that the new boundaries are consistent with the intent of this 
Plan and local LAFCO policies. 

• 10.4 The County shall encourage industry to locate in Pixley, which is clean and does not 
generate effluent which is difficult and expensive for the sewer plant to treat. 

• 10.5 Pixley PUD and Tulare County should explore options for implementing a community-wide 
drainage system. 

• 10.6 As required to promote the public health, safety and welfare of the Community, and the 
County at- large, the County will exercise reasonable powers of eminent domain to acquire 
easements and/or ownership of property necessary to accommodate community water and 
wastewater facilities. 

 
Implementation: 

 
• 10.11 After the Pixley Community Plan has been adopted, LAFCO should adopt a new Sphere of 

Influence for the Pixley PUD consistent with the County adopted UDB and consistent with MSR 
requirements. 

• 10.12 The discharge and collection requirements of all new development in Pixley shall be 
reviewed by Tulare County and Pixley PUD. Recommendations and comments on new 
development shall be forwarded to the County by Pixley PUD prior to final project approval. 

• 10.13 Tulare County Public Works Department, in cooperation with Pixley PUD, should consider 
options for constructing a community-wide drainage system. Emphasis should be placed on 
drainage improvements for the existing developed urban area. 

• 10.14 The Pixley PUD should be encouraged to amend the boundaries of the District to reflect 
changes of urban boundary and land use made by this plan. 

• 10.15 The County shall continue to actively seek available funding assistance for the 
improvement of community infrastructure. 

 
 
Tipton Community 
 

• The County and Tipton CSD should prepare master plans for water, sewer, storm drainage, 
circulation, parks and other public facilities, including fire and sheriff stations. 

• Tulare County and the Tipton Community Services District should incorporate a storm drainage 
pond into the tree proposed park sites located in the southwest, southeast, and northeast 
quadrants of the community. A park design could incorporate three use features into the park – 
a passive recreation area, an active recreation area (playing fields) that could hold storm water 
after significant storm events, and a stormwater retention area where nuisance runoff and 
stormwater runoff would be stored. 

• The County shall investigate the possibility of constructing future stormwater drainage basins as 
a combined park/ponding basin. 
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Terra Bella and Ducor Communities 
 

The Terra Bella and Ducor Community Plans both contain the following policies related to stormwater 
management:  
 

• Investigate the necessity of preparing a drainage plan, within five years of adoption of the 
Community Plan, for diverting and disposing of storm water runoff. 

• Before the issuance of any land use permit, the Tulare County Planning and Development 
Department will require all project applications for new development to include storm water 
disposal plans in accordance with the recommendations of the Tulare County Public Works 
Department and Caltrans to prevent runoff flows into the State highway right-of-way. 

 
 
Q.3 Planning Framework 
 
Q.3.1 Tulare County Storm Water Management Plan 
 
The Tulare County NPDES Phase II Storm Water Management Plan was adopted in 2008 to comply with 
MS4 Permits, which regulate discharges from municipal storm sewer systems. The plan is intended to 
direct the County’s stormwater management activities through a 2013 planning horizon.  
 
 
Q.3.2 Tulare County Flood Control Master Plan  
 
The Tulare County Flood Control Master Plan was adopted in June of 1971The Tulare County Flood 
Control Master Planning area is broken up into 7 units. These include the following:  
 

• Tulare Kings Unit 
• Tulare-Fresno Unit 
• Kaweah Unit 
• Tule Unit 
• Deer Unit 
• White Unit 
• Mountain Unit 

 
As shown below in Figure Q-1, the Tule River Basin IRWM planning area involves portions of the Tulare-
Kings, Tule, Deer, and White units. 
 

• Tulare-Kings Unit: Approximately half of the IRWM planning area is within the Tulare-Kings Unit. 
This area is identified as a separate unit because it has the lowest average elevation and 
receives flows from the other six units.  

 
• Tule Unit: Approximately one quarter of the IRWM planning area is located within the Tule Unit. 

This unit contains Tule River drainage areas between Success Dam and the Elk Bayou/Tule River 
junction, as well as Fraizer Creek drainage areas between Lewis Creek and the Tule River.  
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• Deer Unit: Approximately one quarter of the IRWM planning area is within the Deer Unit. The 
Deer Unit contains the drainage areas of Deer Creek, as well as the low foothill drainage areas of 
Fountain Springs Gulch and Terra Bella-Ducor.  

 
• White Unit: A very small portion of the IRWMP area is located within the White Unit, which 

includes the drainage areas of White River, the Orris, Vestal, Richgrove, and Rag Gulch. 
 
 

 
 

Figure Q-1. Tulare County Flood Control Master Plan Planning Units 
 
 
Q.3.3 City of Porterville Stormwater Management Plan 
 
The City of Porterville Stormwater Management Plan was adopted in 2006 and is the only official urban 
stormwater management plan within the planning area. The document is intended to direct the City’s 
stormwater-related activities from 2003 to 2008 and was developed to comply with the States MS4 
permitting program to regulate discharges from municipal storm sewer systems.  
 
 
Q.3.4 Agricultural Water Management Plans 
 
There are eight active irrigation districts within the Tule River Basin IRWM planning area. While these 
districts do not directly refer to stormwater management in their Agricultural water management plans, 
they do provide a framework for conjunctive use programs which are an important component of 
effective/integrated stormwater management. Conjunctive use techniques are discussed in the 
following agricultural management plans: 
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• Saucelito Irrigation District  
• Lower Tule River Irrigation District 
• Pixley Irrigation District 

• Terra Bella Irrigation District 
• Teapot Dome Water District 
• Porterville Irrigation District 

 
 
Q.4 Stakeholder Involvement  
 
The following agencies were contacted to provide input on the Tule River Basin Stormwater/Flooding 
Study. These agencies were informed of the purpose of the study and received a questionnaire 
requesting information on existing stormwater infrastructure, planned projects, and any problems 
related to stormwater management within the agency’s jurisdiction.  

 
• Tulare County Flood Control District 
• Deer Creek Stormwater District 
• Woodville Community Services District 
• Tipton Community Services District 
• Alpaugh Community Services District 
• Poplar Community Services District 
• Allensworth Community Services 

District 
• Teviston Community Services District 
• Pixley Community Services District 

• Terra Bella Community Services District 
• Ducor Community Services District 
• Vandalia Irrigation District  
• Pixley Irrigation District 
• Lower Tule River Irrigation District 
• Ducor Irrigation District 
• Angiola Water District 
• Terra Bella Irrigation District 
• Saucelito Irrigation District  

 
 
Q.5 Existing Conditions  
 
It is essential to assess the natural factors that contribute to stormwater, runoff, and flooding in an area 
in order to identify strategies to manage that stormwater effectively. The trajectory of stormwater is the 
product of multiple factors and can rarely be attributed to one particular influence. The purpose of this 
section is to provide an overview of the factors that affect how stormwater travels within the planning 
area and determine where it accumulates.  
 
This section will review the following elements and discuss how each impacts stormwater within the 
region:  
 

• Precipitation 
• Topography 
• Soil Infiltration 
• Watersheds 
• Flood Zones 

 
It should be noted that these factors are highly interdependent. For instance, watershed classification is 
directly dependent on regional topography, and flood zones are a product of precipitation, topography, 
and soil infiltration.  
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Q.5.1 Precipitation 
 
As shown in Figure Q-2 below, average annual amount of precipitation is greatest in the eastern portion 
of the planning area and decreases going west. The Tule River Basin IRWM planning area receives the 
vast majority of its surface waters from snowmelt originating in the Sierra Nevada mountains. Water 
from snowmelt and heavy rain events travels west into the IRWM planning area through natural 
channels, primarily Deer Creek and the Tule River. Water originating in the Deer Creek watershed is 
compounded by Success Dam and delivered to agricultural producers. When possible, the excess surface 
water from snowmelt and heavy rain events is distributed into basins for groundwater recharge.  
 

 
 

 
 

Figure Q-2. Annual average precipitation within the IRWMP Region. Data Source: Prism Climate Group. 
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Q.5.2 Regional Topography  
 
Topographically, the planning area is relatively flat with elevations gradually increasing in an eastern 
direction. Because the elevation decreases towards the west, precipitation from the eastern portion of 
the planning area flows in a westerly direction to areas of lower elevation. As discussed above, the 
eastern portion of the planning area receives significantly more precipitation than its western 
counterpart.  During very wet years, excessive precipitation in the east can result in flooding and 
inundation of surface storage in the western portion of the planning area. 
 
 
 

 

 
 

Figure Q-3. Topography of the IRWMP Region. 
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Q.5.3 Watershed Boundaries  
 
A watershed is defined as an area of land that drains to a common outlet. Watersheds are a direct 
product of topography, as water adheres to gravitational laws and naturally flows from areas of high 
elevation to areas of lower elevations.  
 
Hydrologic Unit Maps provide watershed information at varying scales by breaking very large regions 
into successively smaller hydrologic units.  These hydrologic units are identified by their Hydrologic Unit 
Codes (HUC), which range from 2- to 12- digit codes. 2-digit HUC codes represent an entire region. For 
example, the Tule River Basin planning area is located in the California region, which is represented by 
HUC 18. The level of detail increases with the number of digits. 8-digit codes represent hydrologic units 
at the Subbasin scale, 10-digit codes are used to represent hydrologic units at the watershed scale, and 
12-digit codes are used to represent hydrologic units at the subwatershed scale.  
 
As shown below in figure Q-4, the Tule River Basin IRWM planning area contains portions of three 8-digit 
hydrologic units and 9 10-digit hydrologic units. These units have a significant influence on how 
stormwater moves and accumulates within the planning area.  
 
 

 
 

Figure Q-4. Map showing 8-digit and 10-digit hydrologic units 
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Q.5.4 Flood zones 
 
While stormwater and floodplains are often managed separately, they are highly related 
hydrogeological conditions. Flooding often occurs during heavy precipitation events when water that is 
unable to infiltrate into the soil and instead accumulates at points of low elevation. This section will 
identify and define the Flood Zones within the IRWMP Region, and determine which communities are at 
most significant risk of flooding. 
 
FEMA Flood Zones are geographical areas that are determined by FEMA to be at a significant risk of 
flood events. As shown in Figure Q-5, the IRWM planning area contains zones A, AE, AH, AO, and X. 
These zones are defined in Table Q-1. Figures Q-5 through Q-12 will provide a more detailed view of 
flood zones within each community.  
 
 

Table Q-1. Description of FEMA Flood Zone Designations 
 

Risk Level Zone Description 

Minimal X (unshaded) 
Minimal risk areas outside the 1-percent and .2-percent-annual-
chance floodplains. No BFEs or base flood depths are shown within 
these zones.  

Moderate X (shaded) 

Moderate risk areas within the 0.2-percent-annual-chance 
floodplain, areas of 1-percent-annual-chance flooding where 
average depths are less than 1 foot, areas of 1-percent-annual-
chance flooding where the contributing drainage area is less than 1 
square mile, and areas protected from the 1-percent-annual-chance 
flood by a levee. No BFEs or base flood depths are shown within 
these zones. 

High 

A 

Areas subject to inundation by the 1-percent-annual-chance flood 
event. Because detailed hydraulic analyses have not been 
performed, no Base Flood Elevations (BFEs) or flood depths are 
shown. 

AE 
Areas subject to inundation by the 1-percent-annual-chance flood 
event determined by detailed methods. BFEs are shown within these 
zones.  

AH 

Areas subject to inundation by 1-percent-annual-chance shallow 
flooding (usually areas of ponding) where average depths are 1–3 
feet. BFEs derived from detailed hydraulic analyses are shown in this 
zone. 

AO 

Areas subject to inundation by 1-percent-annual-chance shallow 
flooding (usually sheet flow on sloping terrain) where average 
depths are 1–3 feet. Average flood depths derived from detailed 
hydraulic analyses are shown within this zone. 
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Figure Q-5. Flood zones within the IRWM Planning Area. 
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City of Porterville 
 
The Tule River flows through the southern portion of the City of Porterville and is shown in Figure Q-5 as 
a floodway. Tule River flows are controlled by Success Dam, located approximately 6 miles east of the 
City. Since its construction in 1961, the dam has significantly improved flooding in the City. However, 
areas adjacent to the River still are prone to flooding during exceptionally wet years because the 
capacity of Success Reservoir is limited.  
 
Porter Slough runs through the center of the developed area of the City and is a designated floodway of 
the Tule River. North of the Slough are areas designated Flood Zone A, AH, AO, and X (shaded). Zones A, 
AH, and AO all have a 1% annual chance of flooding, with AH Zones experiencing ponding of 1-3 feet and 
AO Zones experiencing sheet flow of 1-3 feet.  
 
 

 
 

Figure Q-6. FEMA Flood Zones in the City of Porterville. 
 
Allensworth Community 
 
All lands within the Allensworh Urban Development Boundary are considered to be at risk of flooding. 
The majority of the community is located on land classified as Flood Zone AO, meaning that there is a 
1% annual chance of shallow flooding (usually sheet flow on sloping terrain) with average depths of 1-3 
feet.  Sheet Flow is a form of surface water runoff that occurs when rainfall intensity exceeds the 
evaporation rate and infiltration capacity of the soil. If unconvined, it moves in large sheets of water and 
can cause sheet erosion. Sheet runoff can occur when a channel is eroded and loses definition, or when 
a perched channel overflows.  
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Figure Q-7. FEMA Flood Zones in the Allensworth Community. 

 
Terra Bella Community 
 
The Terra Bella communities contains floodway and AE Flood Zone designation areas.  These areas have 
1% annual chance of flooding. While most of this area is undeveloped, there are several residences, a 
church, and an elementary school located within the flood risk area.  
 

 
Figure Q-8. FEMA Flood Zones within the Terra Bella Community. 
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Alpaugh Community 
 
The Alpaugh Community is closely bordered on all sides by Flood Zone X (Shaded). This flood zone 
designation indicates that these areas are at moderate risk of flooding and are either within the 0.2-
percent-annual-chance floodplain, have a 1% annual chance of flooding with average depths less than 1 
foot, have 1% annual chance of flooding where the contributing drainage area is less than 1 square mile, 
or areas protected from the 100-year flood plain by levee. The flood zones adjacent to the Alpaugh 
community are within the 0.2% annual floodplain.  
 
While the developed portions of the community avoid these flood risk areas, the south-east and north-
west corners are within the 0.2% annual floodplain. These areas are not developed and are under 
agricultural use. 
 
 

 
 

Figure Q-9. FEMA Flood Zones within the Alpaugh Community. 
 
 
Pixley Community 
 
A significant portion of the Pixley community is located in Flood Zone A, meaning that the area has a 1% 
chance of flooding annually. This area is partially developed and contains a significant number of 
residences, a middle school, an elementary school, and some commercial properties.  
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Figure Q-10. FEMA Flood Zones within the Pixley Community. 

 
Tipton Community  
 
A small portion of the Tipton community is located in Flood Zone A, and has an annual 1% chance of 
flooding. While the urban development is located outside of the flood risk area, the site contains a 
livestock facility and a runoff basin.  
 

 
Figure Q-11. FEMA Flood Zones within the Tipton Community. 
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Teviston Community  
 
A significant portion of the developed area of Teviston is located in Flood Zone A and has a 1% annual 
chance of flooding. The area is largely agricultural, however there are several residences and a 
commercial property located in the flood zone.  
 

 
 

Figure Q-12. FEMA Flood Zones within the Teviston Community. 
 
 
Other Communities 
 
Three communities within the planning area do not contain any FEMA Flood Risk areas. These 
communities and their distance to the nearest flood zone or watercourse are listed below: 
 

• Woodville (Approximately 800 feet south of the South Branch Tule River) 
• Poplar (Approximately 1.3 miles south-west of the South Branch Tule River) 
• Ducor (Approximately 3 miles south-west of a Flood Zone A site) 
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Q.6 Existing Stormwater Infrastructure  
 
Infrastructure to manage excess surface waters and stormwater varies greatly throughout the Tule River 
Basin IRWM Planning area. This section will evaluate regional, urban, and rural stormwater management 
systems within the Region.   
 
 
Q.6.1 Regional Stormwater Infrastructure 
 
Tulare County Flood Control District  
 
The Tulare County Flood Control District is the primary entity responsible for flood control and 
stormwater management within unincorporated areas of Tulare County. The District maintains 
approximately 70 flood control basins and 28 permanently located flood control pumps. The District is 
also responsible for inspecting and maintaining the County’s culverts and waterways to prevent 
blockages that could impede flows during heavy storm events.  
 
 
Q.6.2 Urban Stormwater Infrastructure 
 
City of Porterville 
 
The City of Porterville is the only incorporated urban area within the Tule River Basin region and has the 
most comprehensive network of stormwater infrastructure. The City’s Storm Water Management 
Program was adopted in 2006 and was intended to outline and direct the City’s priorities and activities 
related to stormwater through a 2008 planning horizon. The City’s 2015 Urban Water Management Plan 
states that the City has hired a consulting firm to develop an updated Storm Water Resource 
Management Plan for the City, but that Plan has not yet been completed.  
 
The City of Porterville storm drainage system is composed of two natural channels (Porter Slough and 
the Tule River) and 25 stormwater detention basins, which receive water through a large network of 
stormwater pipes. The City also has seven ditch companies that provide extra capacity to carry peak 
flood flows and urban storm water runoff. These include: 
 

• Pioneer 
• Campbell-Moreland 
• Porter Slough 
• Vandalia 
• Poplar 
• Hubbs-Miner 
• Woods-Central 
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Pixley Community  
 
Stormwater in the Pixley Community is managed by the Pixley Community Services District. Stormwater 
is collected in Inlets, where it is transported through stormwater pipes and is ultimately discharged into 
a basin or other surface waters. The Community Services District also maintains seven sumps, which are 
used to collect and contain stormwater, allowing it to percolate through the soil for groundwater 
recharge. These storm drainage facilities are listed in Table Q-2 and shown in Figure Q-12.  
 
 

Table Q-2. Existing stormwater infrastructure within the Pixley Urban Development Boundary. 
 

No. East-West Roadway North-South Roadway Type 
1 Allen Avenue Market Street Inlet 
2 Between Court Avenue and 

Howard Avenue 
Pine Street Inlet 

3 Bradbury Avenue Cedar Street Inlet 
4 Bradbury Avenue Ash Street Inlet 
5 Bradbury Avenue Market Street Inlet 
6 Carol Avenue Walnut Street Sump 
7 Compton Avenue Cedar Street Inlet 
8 Compton Avenue Ash Street Inlet 
9 Court Avenue Ash Street Sump 
10 Court Avenue Park Drive Inlet 
11 Court Avenue Pine Street Inlet 
12 Davis Avenue Ash Street Inlet 
13 Davis Avenue Maple Street Inlet 
14 Ellsworth Avenue Park Drive Inlet 
15 Ellsworth Avenue Pine Street Inlet 
16 Ellsworth Avenue Maple Street Inlet 
17 Ellsworth Avenue Elm Street Inlet 
18 Ellsworth Avenue Walnut Street Inlet 
19 Ellsworth Street Ash Street Inlet 
20 Franklin Avenue Center Street Inlet 
21 Franklin Avenue Park Drive Inlet 
22 Howard Avenue Pine Street Inlet 
23 Joanne Avenue Walnut Street Sump 
24 Joanne Avenue Maple Street Sump 
25 Joanne Avenue Park Drive Inlet 
26 South of Compton 

Avenue 
Cedar Street Inlet 

27 Terra Bella Avenue Park Drive Inlet 
28 Terra Bella Avenue Maple Street Sump 
29 Terra Bella Avenue Elm Street Sump 
30 Terra Bella Avenue Walnut Street Sump 
31 Terra Bella Street Cedar Street Inlet 
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Figure Q-12. Existing stormwater infrastructure within the Pixley Community Urban Development Boundary. 
 
 
Tipton Community  
 
Stormwater generally drains toward the west in the Tipton Community and is managed through the use 
of drainage inlets and sumps. Stormwater that is collected by sumps is allowed to percolate for 
groundwater recharge, while stormwater that enters the stormwater piping system is ultimately 
discharged into a drainage basin or other surface water. The Tulare County Housing Element Action 
Program 9 identifies the Tipton community as having potential deficiencies in storm water 
infrastructure. 
 
The eight drainage inlets located within the community are summarized in the Table below (Table Q-3), 
and shown in Figure Q-13.  
 
 

Table Q-3. Existing stormwater infrastructure within the Tipton Community Urban Development 
Boundary. 

 
No. East-West Roadway North-South Roadway Type 
1 Avenue 152 Road 112 Sump 
2 Jayna Avenue West of Thompson Road Sump 
3 Jayne Avenue Berry Road Sump 
4 Klindera Avenue Berry Road Inlet 
5 Klindera Avenue La Fonda Road Inlet 
6 Lerda Avenue West of Thompson Road Sump 
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No. East-West Roadway North-South Roadway Type 
7 North of Lerda Avenue Callison Road Sump 
8 North of Spencer Road West of Thompson Road Inlet 
9 South of Avenue 152 Smith Road Sump 
10 South of Klindera Avenue West of Thompson Road Inlet 
11 Spencer Road Graham Road Sump 
12 SR 99 NB Ramps Thompson Road Sump 
13 SR 99 SB Ramps Burnett Road Sump 
14 Woods Avenue Graham Road Inlet 
15 Woods Avenue West of Thompson Road Inlet 

 

 
Figure Q-13. Existing stormwater infrastructure within the Tipton Community Urban Development Boundary. 

 
 
Terra Bella Community  
 
Stormwater in Terra Bella generally drains to the west and north of the community. As such, the 
majority of stormwater is collected in this region. Stormwater in the community is managed by the Terra 
Bella Community Services District through the use of three separate systems. The primary system is 
composed of a 700-800 drainage line along Avenue 96. Stormwater in this system is discharged into 
Fountain Springs Gulch. The other two systems include drainage inlets connected to smaller pipes. These 
systems also discharge into the Fountain Springs Gulch. The Tulare County Housing Element Action 
Program 9 identifies the Terra Bella community as having potential deficiencies in storm water 
infrastructure. 
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The eight drainage inlets located within the community are summarized in Table Q-4 below, and shown 
in Figure Q-14.  

Table Q-4. Existing stormwater infrastructure within the Terra Bella Community Urban Development 
Boundary. 

 
No. East-West Roadway North-South Roadway Type 
1 Avenue 94 Road 238 Inlet 
2 Avenue 94 alignment Clemens Road Inlet 
3 Avenue 96 East of Road 236 Inlet 
4 Avenue 96 East of Road 237 Inlet 
5 Magnolia Avenue Road 237 Inlet 
6 Magnolia Avenue Road 238 Inlet 
7 North of Avenue 95 Clemens Road Inlet 
8 Pepper Avenue Road 238 Inlet 

 
 

Figure Q-14. Existing stormwater infrastructure within the Terra Bella Community Urban Development Boundary. 
 
 
Poplar Community   
 
The Tulare County Housing Element - Action Program 9 stated that the Poplar Community has a storm 
drainage system, but that system information and mapping is currently unavailable. 
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Communities without Stormwater Infrastructure 
 
Several communities within the IRWM planning area do not currently have infrastructure to manage 
excess surface waters and stormwater runoff. These include: 
 

• Ducor 
• Teviston 
• Allensworth 
• Alpaugh  

 
The Ducor, Teviston, and Allensworth communities are identified as having deficiencies in stormwater 
infrastructure by the Tulare County Housing Element Action Program, and Alpaugh is identified as having 
potential deficiencies in stormwater infrastructure. New development in these communities is required 
to design and install storm water drainage improvements consistent with Tulare County Improvement 
Standards. Of these communities, Allensworth experiences the most ponding and puddling during heavy 
rainfall events as the majority of the community is located in a 100-year flood zone. As such, 
Allensworth should be considered a top priority for future stormwater infrastructure projects.  
 
 
Q.6.3 Rural Stormwater Infrastructure 
 
There are eight active irrigation districts within the IRWM Planning Area. While these districts do not 
explicitly refer to stormwater management when describing their infrastructure, their conveyance 
infrastructure and recharge basins serve to divert excess surface waters, or stormwater, for 
groundwater recharge during wet years so that the water will be available during dry years. This process 
is known as conjunctive use and is an important component of effective stormwater management.  
 
 
Saucelito Irrigation District 
 
Saucelito Irrigation District contains one percolation pond covering approximately 0.5 acres that is used 
to recharge groundwater during wet years. The District also utilizes two recharge basins owned by the 
Deer Creek and Tule River Authority, which lie just east of the District boundary along Deer Creek. The 
District’s 2013 Agricultural Water Management Plan stated that the District is currently developing 
potential projects with the intention of capturing periodic seasonal flows during wet years for later 
beneficial use. 
 
 
Lower Tule River Irrigation District 
 
The Tule River is the primary source of groundwater recharge within the District. Recharge is 
accomplished through seepage from the Tule River channels, percolation following irrigation, and from 
spreading basins. The District maintains and operates 18 recharge and regulating basins, covering 3,700 
acres.  
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Table Q-5. Lower Tule River Irrigation District Stormwater Infrastructure 
 
Name Type Capacity (AF) Distribution or Spill 
Koslov Pit  Earth Embankment 200 Spill Capture 
Hare Pit  Earth Embankment 60 Spill Capture 
Lapadula Pit  Earth Embankment 150 Spill Capture 
County Pit  Earth Embankment 100 Spill Capture 
State Pit  Earth Embankment 150 Spill Capture 
Hershey Pit  Earth Embankment 400 Spill Capture 
Boswell Pit  Earth Embankment 450 Spill Capture 
Dennis Pit  Earth Embankment 25 Spill Capture 
Faure Pit   Earth Embankment 50 Spill Capture 
Baird Pit  Earth Embankment 400 Spill Capture 
Huddleston Pit  Earth Embankment 200 Spill Capture 
Gin Pit  Earth Embankment 10 Spill Capture 
School Pit  Earth Embankment 50 Spill Capture 
Creighton Ranch Earth Embankment 9,000 Spill Capture 
Terry Pit  Earth Embankment 150 Spill Capture 
Hewett Pit Earth Embankment 400 Spill Capture 
Keith Pit  Earth Embankment 50 Spill Capture 
Toledo Pit Earth Embankment 800 Spill Capture 
 
Pixley Irrigation District 
 
Pixley Irrigation District maintains nine existing groundwater basins totaling approximately 278 acres 
(Table Q-6). The majority of these are terminal basins, which capture excess surface water at the end of 
a conveyance system, allowing it to recharge groundwater resources. The Irrigation District’s 2012 
Water Management Plan states that the 4,260 AF was utilized for groundwater recharge in 2010.  In 
addition to this existing infrastructure, the District plans to construct additional basins in the future. The 
largest of these projects is part of the San Joaquin River Restoration Program, which would involve 
construction of several recharge basins totaling 800 acres. This project is advocated by the South Valley 
Water Banking Authority, which is a Joint Powers Authority between Pixley Irrigation District and 
Delano-Earlimart Irrigation District. It is anticipated that the basins will be operational in 2019.  
 

Table Q-6. Pixley Irrigation District Stormwater Infrastructure 
 

Name Type Capacity (AF) Distribution or Spill 
School Pit Earth Embankment 150 Spill Capture 
South Pit Earth Embankment 50 Spill Capture 
Harris Pit Earth Embankment 25 Spill Capture 
Michelle Pit No.1 Earth Embankment 150 Distribution 
Hesse Pit Earth Embankment 200 Spill Capture 
Valov Pit Earth Embankment 200 Spill Capture 
West Main/Shop Pit  Earth Embankment 50 Distribution 
Michelle Pit No.3 Earth Embankment 200 Distribution 
Berenda-Mesa Pit  Earth Embankment 150 Spill Capture 
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 Terra Bella Irrigation District 
 
 

Table Q-7. Terra Bella Irrigation District Stormwater Infrastructure 
 
Name Type Capacity (AF) Distribution or Spill 
Station No. 1 Regulating 
Reservoir 

Groundwater Recharge <1 Distribution 

Station No. 2 Regulating 
Reservoir 

Groundwater Recharge <1 Distribution 

Station No. 3 Regulating 
Reservoir 

Groundwater Recharge 5.77 Distribution 

 
 
Teapot Dome Water District 
 
Teapot Dome Water District owns and maintains one 10-acre recharge basin, which is used to store 
excess surface waters during wet years. The District’s 2011 Water Management Plan states that 
approximately 362 acre-feet of runoff was diverted to the basin in 2011.   
 
 
Porterville Irrigation District 
 
Porterville Irrigation District does not own or maintain any groundwater recharge basins. Excess surface 
waters are diverted into Porter Slough, where the water percolates directly into the soils of the slough 
or is channeled into two recharge ditches used by the District. The District also leases the right to 
recharge water in a privately owned borrow pit and in retention basins owned by the City of Porterville. 
 
 
Other Water Management Districts 
 
The following Water Management Districts do not have available Water Management Plans or 
Documented Stormwater Infrastructure. As such, the extent and nature of their infrastructure is 
unknown.  
  

• Rancho Terra Bella Water Management District 
• Pioneer Water Co. 
• Angiola Water District 
• Hope Water District 
• Atwell Island Water District 
• Alpaugh Irrigation District 
• Ducor Irrigation District 
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Q.7 Opportunities for Improvement  
 
Q.7.1 Infrastructure Deficiencies 
 
Table 35-2 of the Tulare County Housing Element – Action Program 9 identifies communities as having 
“Deficiencies,” “Potential Deficiencies” or “No Deficiencies” in a variety of infrastructure categories. All 
communities within the Tule River Basin IRWM planning area were identified as having either 
“Deficiencies” or “Potential Deficiencies” in stormwater infrastructure.  The communities identified as 
having deficiencies and potential deficiencies in stormwater infrastructure are listed below. 
 
 

Communities with Deficiencies Communities with Potential Deficiencies 

• Alpaugh 
• Ducor  

• Allensworth  
• Teviston  

• Earlimart 
• Pixley 
• Poplar 

• Terra Bella 
• Tipton 
• Woodville 

 
 
Q.7.2 Prioritized Improvement Areas 
 
“Problem areas” with regard to stormwater management were identified in order to aid in the 
prioritization of stormwater-related projects and management programs. These sites are considered to 
be at high risk of stormwater-related problems, such as flooding, and do not currently have any 
infrastructure to manage stormwater within the community. Prioritized improvement areas were 
selected based on the following criteria: 
 

• Percentage of developed land within FEMA Flood Zone 
• Existence of Stormwater infrastructure 
• Evaluation of Stormwater infrastructure based on Tulare County Housing Element – Action 

Program 9 
 
Allensworth 
 
The Community of Allensworth is considered to be of high priority for stormwater infrastructure 
improvements. As shown in Section 2 – Existing Conditions, the Community of Allensworth is entirely 
within a FEMA Flood Zone. The majority of the developed area is designated as AO, which indicates that 
there is a 1% annual chance of shallow flooding (usually sheet flow on sloping terrain) with an average 
depth of 1-3 feet. The community does experience localized ponding during heavy rainfall events and 
does not have any infrastructure in place to manage the excess surface water.  
 
Teviston 
 
As shown in Section 2 – Existing Conditions, significant portions of the developed area within the 
Teviston Community are within FEMA Flood Zone A. This designation conveys that the community has a 
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1% chance of flooding each year. Although Flood Zone A is a high-risk designation, the community does 
not have any stormwater or flood water management infrastructure.  
 
Alpaugh 
 
Unlike the prioritized improvement areas mentioned above, the developed areas within Alpaugh are not 
considered to be at high risk of flooding. However, implementation of community stormwater 
infrastructure should be considered due to its proximity to FEMA Flood Zones and current lack of 
infrastructure. As shown in Section 2 – Existing Conditions, the Alpaugh Community is closely 
surrounded on all sides by land designated as Flood Zone X (shaded). Areas within this zone are 
considered to be at moderate risk of flooding and are within the 0.2% annual floodplain. The risk and 
extent of flooding has the potential to increase as a result of climate change, which is projected to 
increase in the intensity and severity of extreme weather events. Additionally, the community is 
identified as having a definite deficiency in Stormwater infrastructure in the Tulare County Housing 
Element – Action Program 9.  
 
 
Q.7.3 Data Needs 
 
The DCTRA and other agencies within the IRWM planning area maintain numerous datasets containing a 
wide variety of water-related information. However, additional data would aid in the future analysis and 
development of stormwater-related projects. Current data needs identified by this Stormwater/Flooding 
Study are listed below: 
 

• Location and extend of stormwater infrastructure within the Poplar Community: The Tulare 
County Housing Element – Action Program 9 stated that the Poplar Community does have a 
stormwater system but system information and mapping is currently unavailable. 

 
• Flood Zone ‘A’ Hydraulic Analysis: Areas designated as Flood Zone A are known to have a 1% 

annual chance of flooding, however hydraulic analysis has not yet been completed in these 
zones. Hydraulic Analysis will provide additional information regarding the nature and depth of 
flooding, which will aid in the prioritization and development of stormwater-related projects. 
The City of Porterville, and the communities of Pixley, Tipton, and Teviston, all contain areas 
designated as Flood Zone A that would benefit from hydraulic analysis.  

 
 
Q.7.4 Other Action Items 
 
In addition to improved infrastructure within these improvement areas, the following action items 
should also be considered: 
 

• Update Tulare County Stormwater Management Plan 
• Update City of Porterville Storm Water Management Plan 
• Develop Tule River Basin Storm Water Resource Plan to meet requirements of the CA Storm 

Water Grant Program  
• Implement programs to educate the public about stormwater pollution prevention. 
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Q.7.5 Best Management Practices 
 
The EPA has identified a wide variety of best management practices (BMPs) to manage stormwater 
runoff from a range of sources. The table below provides a description of these BMPs and identifies 
options for their implementation within the planning area.  
 

Table Q-8. Stormwater Best Management Practices 
 

 BMP Description 
Options for 

Implementation within 
the Planning Area 

Public Education 

Many common household activities, such as washing 
cars, changing motor oil, or disposing of household 
chemicals, has the potential generate stormwater 

pollution. Increasing public education regarding how 
their behaviors effect water quality can significantly 

reduce stormwater pollution. 

Educational Events, 
Informative Flyers, 
School Assemblies 

Public 
Involvement 

Involving the public in stormwater management 
efforts encourages the community to become 
invested in its stormwater management goals. 

Tree Planting Days, River 
Restoration Programs, 

Educational Events 

Illicit Discharge 
Detection and 

Elimination 

Illicit discharges include any discharges into a storm 
drain system that contain a substance other than 

pure water from precipitation, including fertilizers, 
household products, and animal waste. Illicit 

discharges can have significant impacts on water 
quality because stormwater is typically not treated 

before being discharged into a local water body. 

Education programs, 
programs to detect and 

address illicit discharges, 
local ordinances 

Construction 

Construction sites can be a significant source of 
polluted stormwater, as they often contain paints, 

fuels and solvents that can contaminate local water 
bodies. Additionally, the removal of vegetative 
surface cover at construction sites can result in 

significant sedimentation and erosion. 

Require project 
proponents to control 
erosion and sediment 

through BMPs, 
procedures to review and 

enforce stormwater 
requirements 

Post 
Construction 

The total area of paved surfaces has a direct impact 
on stormwater volume and pollutants. Programs to 

manage impacts of development on stormwater aim 
to increase infiltration and filtration of stormwater in 

urbanized areas. 

Bioretention basins, 
porous pavement, 

protection of open space, 
urban forestry 

Pollution 
Prevention/Good 

Housekeeping 

Managing pollutants before rain events occur is a 
proactive and cost-effective way to manage 

stormwater pollution. BMPs in this category aim to 
prevent pollutants from contacting stormwater. 

Street cleaning programs, 
Spill response and 

prevention programs, 
Vehicle and equipment 
maintenance programs 
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Q.7.6 Stormwater Management Design Concepts 
 
Traditionally, urban development involves covering large areas of ground with impervious surfaces, such 
as buildings, roads, sidewalks, driveways, etc., which prevent the infiltration of water. A consequence of 
this form of development is that rainwater cannot infiltrate into the ground. Instead, the stormwater 
flows along the surface at rates higher than would naturally occur. This collection of stormwater can 
cause stream banks to erode, which in turn can causing sediment and other pollutants to enter directly 
into waterbodies after each rain.  
 
Green infrastructure and Low Impact Design (LID) are comprehensive methods that support a 
decentralized form of stormwater management by integrating stormwater infrastructure into the urban 
environment. Implementation of these strategies can reduce stormwater pollution, provide wildlife 
habitat, contribute to the creation of greener communities. These design concepts can be integrated 
into various development types, from high-density housing and industrial area, to recreational areas and 
public open spaces.  
 
 
Road Design 
 
Skinny Streets: In the 1960s, residential street design standards set local street widths as high as 36 
feet, which are now recognized as environmentally unfavorable and unsafe to users. Broad streets have 
potential to generate large stormwater peak loads due to their extensive impervious surface area since 
it encompasses a significant area. By creating narrower streets to reduce runoff loading, while also 
substitute pervious paving for impervious surfaces, cities can greatly enhance stormwater infiltration 
and recharge their aquafers. In the 1990s, cities began to revamp their street design standards by 
implementing narrower roads, while still accommodating emergency vehicles access.  
 
Narrow roads, or “skinny streets” reduce vehicle accident rates and their average speed. For example, 
research done by Walker Macy design firm in Portland, Oregon revealed that a 36-foot wide street has 
1.21 accidents per mile per year, while a 24-foot wide street has 0.32. There are also economic benefits 
that accompany skinny streets, such as a reduced heat island effect, and a decreased need for street 
maintenance and surfacing costs for municipalities.  
 
Smaller street facilities are equipped to only handle one to two-year storm events, thus it is 
recommended to join the stormwater system to a treatment network for larger events. Additionally, 
skinny streets have less impervious surface area, which allows more water to infiltrate into the aquafers 
belowground. 
 
 
Shared Streets: Shared streets are most efficient when implemented in residential area with low traffic 
volumes and should be implemented for low speeds through the use of narrow lanes. If permeable 
pavement is used across the full roadway, design street grade and cross slope to channel water that 
does not infiltrate through the permeable pavement to flow to an approved discharge point. 
 
Valley gutters or trench drains direct runoff to bioretention planters, and may be designed as detectable 
and high-contrast edges to delineate the shared roadway from the exclusive pedestrian paths. 
Bioretention facilities may need to be lined to prevent groundwater migration into adjacent structures 
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and underground utility trenches. It is recommended to review the condition of adjacent structures such 
as basements and utility corridors during the survey and planning process to determine seepage risk. 
 
 
Ground Facilities 
 
Vegetated Filter Strip: Vegetated Filter Strips are land areas created to slow down runoff from 
surrounding developed areas and allowing sediments and pollutants to filter themselves through the 
vegetation, and infiltrating into the existed soils.  
 

 
Figure Q-16. Example of commercial vegetated filter strip 

 

 
Figure Q-17. Example of residential vegetated filter strip 

 
Grass Swale: Grass swales are transportation channels used to improve water quality or carry 
stormwater runoff (does not rely on the permeability of the soil as a pollutant removal mechanism). 
Swales can act as a water filter with soil as the medium and stores water from rainstorms and snow 
runoff until it is filtered through the soil.  After the water filters through the soil, it will recharge into the 
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local aquafer. Swales that are covered with grass can be used as walking paths. However, they will most 
likely be unsuitable throughout wet periods as they will be underwater, or soft and muddy. 
 

 
 

Figure Q-18. Example of grass swale, or bioswale, along highway 
 
Permeable Pavement: Permeable Pavement allows runoff to filter through the pavements voids and 
into a gravel reservoir before reaching the soil subgrade. These alternative materials include porous 
asphalt, pervious concrete, interlocking pavers, and plastic grid pavers, which allow water to seep 
through the surface down to underlying layers of soil and gravel. In addition to reducing the runoff from 
the rain that falls on them, permeable pavements can help filter out pollutants that contribute to water 
pollution. 
 

 
Figure Q-19. Various examples of permeable, or porous, pavement 

 
Constructed Stormwater Wetland: Constructed stormwater wetlands are systems designed to increase 
the removal of pollutants from runoff by temporarily storing runoff in shallow pools suitable for wetland 
vegetation. These wetlands also provide wildlife habitat and aesthetic features to the surrounding area. 
Constructed stormwater wetlands can also reduce peak runoff rates when, when and if it is designed as 
a multi-stage, multi-functioning facility.  
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These systems maximize the removal of pollutants from stormwater runoff through wetland vegetation 
uptake, retention and settling. Constructed stormwater wetlands temporarily store runoff in shallow 
pools that support conditions suitable for the growth of wetland plants. Similar to extended dry 
detention basins and wet basins, constructed stormwater wetlands must be used with other BMPs, such 
as sediment forebays. 
 
 

 
Figure Q-20. Example of stormwater that has been transported into a constructed wetland 

 
 
Wall Facilities 
 
Disconnecting/Replacing/Eliminating Gutters: By removing gutter systems that are connected with 
pipes to storm drain systems and keeping the stormwater on-site, more water can infiltrate into the 
aquafer below the property. If gutters are removed, one must make sure the drip edge connects the 
runoff to a LID facility, which can then slow and spread the stormwater runoff. During 10 to 100-year 
storm events, ground based facilities will need to be attenuate beyond capacity. Each concept of the 
system must consistently work in tandem in order to support the other. 
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Figure Q-21. Example of connecting gutters to an on-site LID facility 

 
 
Rainwater Harvesting: Linking a cistern to an existing gutter system is the easiest solution for harvesting 
stormwater. In order to work efficiently, the cistern must have secured opening to prevent mosquito 
larvae propagation, and protect the water from sunlight to prevent algae growth. Residential cisterns 
have potential to store 100 to 2,500 gallons, depending on the frequency of storm events. It is 
recommended to use green or metal roofs when harvesting rainwater, and to divert any overflow to an 
on-site LID facility. This system can also be installed underground and engineered to pump and reuse 
the water aboveground. 
 

 
Figure Q-22. Diagram showing examples of various rainwater harvesting methods 
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Q.7.7 State and Federal Funding Opportunities 
 

Table Q-9. State and Federal Funding Opportunities 
 

Funding Provider Grant Program 

US Environmental 
Protection Agency 

The Water Infrastructure Finance and Innovation Act (WIFIA Program)  
The WIFIA program's mission is to: Accelerate investment in our nation's 
water and wastewater infrastructure by providing long-term, low-cost 
supplemental credit assistance under customized terms to creditworthy 
water and wastewater projects of national and regional significance. WIFIA 
works separately from, but in coordination with, the State Revolving Fund 
(SRF) programs to provide subsidized financing for large dollar-value 
projects. 
For more information: https://www.epa.gov/wifia/learn-about-wifia-
program 
 

US Department of 
Housing and Urban 

Development 

Community Development Block Grant (CDBG): Eligible to fund stormwater 
and green infrastructure because these projects can create jobs, increase 
economic activity, and increase property values. Urban tree planting can 
increase economic activity in a commercial district. Additionally, green 
infrastructure can increase property values by mitigating flooding, 
improving neighborhood aesthetics, and providing other co-benefits.  
 
Sustainable Communities Regional Planning Grants: 
Supports metropolitan and multijurisdictional planning efforts to integrate 
housing, land use, economic and workforce development, transportation, 
and infrastructure investments in a manner that empowers jurisdictions to 
consider the interdependent challenges of economic competitiveness and 
revitalization, social equity, inclusion, and access to opportunity, energy use 
and climate change, and public health and environmental impact. 

US Department of 
Agriculture 

Rural Development Water and Environmental Programs (WEP): 
WEP is exclusively focused on the water and waste infrastructure needs of 
rural communities with populations of 10,000 or less. The programs provide 
technical assistance and financing for development of drinking water, waste 
disposal, and stormwater systems in rural areas. 
Rural Development Water and Waste Disposal Loan and Grant Program: 
Provides funding for clean and reliable drinking water systems, sanitary 
sewage disposal, sanitary solid waste disposal, and storm water drainage to 
households and businesses in eligible rural areas. 

State Water 
Resources Control 

Board 

Stormwater Grant Program: The purpose of the SWGP is to fund storm 
water and dry weather runoff projects that best advance the Water Board's 
policy goals of improving water quality and realizing multiple benefits from 
the use of storm water and dry weather runoff as a resource. In November 
2014, California voters approved Prop 1, Water Quality, Supply and 
Infrastructure Improvement Act of 2014. More information on upcoming 
Prop 1 activity and announcements can be found at: SWGP Prop 1 Funding. 
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Funding Provider Grant Program 

The SWGP Unit was established after the passage of Proposition 84 (Prop 
84), the Safe Drinking Water, Water Quality and Supply, Flood Control, River 
and Coastal Protection Bond Act of 2006. More information on Prop 84 can 
be found at: SWGP Prop 84 Funding. 

US Bureau of 
Reclamation 

WaterSMART Water and Energy Efficiency Grants: Reclamation provides 
50/50 cost share funding to irrigation and water districts, tribes, states and 
other entities with water or power delivery authority. Projects conserve and 
use water more efficiently; increase the production of hydropower; 
mitigate conflict risk in areas at a high risk of future water conflict; and 
accomplish other benefits that contribute to water supply reliability in the 
western United States. Projects are selected through a competitive process 
and the focus is on projects that can be completed within two or three 
years. For more information: https://www.usbr.gov/watersmart/weeg/ 

 
 
Q.8 Planned Projects 
 
Success Reservoir Enlargement Project (SREP) 
 
Success dam was constructed by the US Army Corps of Engineers in 1961 to provide flood protection to 
the Tulare Lake Basin. Expansion of the dam has been proposed several times since then, as the 
increased surface storage from dam expansion would greatly improve the Region’s ability to effectively 
store and use excess surface water during wet years. However, expansion activities were delayed due to 
seismic safety considerations.  
 
In July of 2018, the US Army Corps of Engineers finally announced that they would fund the $72 Million 
project to raise and widen the dam’s spillway. This will increase the storage of Success Reservoir from 
82,000 af to 110,000 af and will greatly improve flood protection for the City of Porterville and other 
communities within the Tule River floodplain.  
 
 
Allensworth-White River Flood Control Project 
 
Angiola Water District and Deer Creek Storm Water District intend to design and construct a stormwater 
drainage system comprised of a 15,000 ft. ditch system and a drainage basin. The project would reduce 
flooding in the communities of Allensworth and Alpaugh and would increase potential for groundwater 
recharge.  
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2008 2009 2010 2011 2012 2013 2014 2015 2016

Terra Bella Irrigation District 2 2 2.01 2.02 2 2

Pixley Public Utility District 15.24 10 14 14 20.5 19.1 15.25
Tipton Community Service 
District 7.9 7.9 8.7 3.2 3.9 6.9 5.6
Poplar Community Services 
District 2.2
Woodville Public Utility 
District 2.3 2.3 2.3 2.3

City of Porterville 0.26 0.27 0.38 0.0002 0.0002 0.2 0.26
Maximum Contaminant 
Levels (Typical)* 10 10 10 10 10 10 10 10 10

Public Health Goal 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004

Arsenic Data
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WELL NAME
APPROXIMAT

E LATITUDE
APPROXIMAT
E LONGITUDE CHEMICAL RESULT UNITS DATE DATASET COUNTY RB GW_BASIN_NAME

5410038-007 35.988 -119.107 CR6 1.1 UG/L 8/27/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 CR6 0 UG/L 8/27/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 CR6 0 UG/L 8/27/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 7.3 UG/L 8/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 9.6 UG/L 8/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 7.9 UG/L 8/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 6.4 UG/L 8/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-016 36.046 -119.028 CR6 0.5 UG/L 2/6/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-036 36.075 -119.067 CR6 0.5 UG/L 2/6/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 CR6 1 UG/L 2/7/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 CR6 1.4 UG/L 3/7/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 CR6 1.1 UG/L 3/7/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-001 35.786 -119.186 CR6 1.2 UG/L 3/14/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 2.3 UG/L 4/25/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-004 36.075 -119.028 CR6 5.2 UG/L 5/1/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 CR6 1.8 UG/L 5/1/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 CR6 0 UG/L 6/10/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-006 35.988 -119.107 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-007 35.988 -119.107 CR6 1.2 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 CR6 0 UG/L 6/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-002 36.046 -119.305 CR6 0 UG/L 6/12/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 CR6 0 UG/L 6/12/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 CR6 1 UG/L 6/12/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 CR6 1 UG/L 6/12/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 9.5 UG/L 6/18/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 12 UG/L 6/18/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 5.1 UG/L 6/18/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9.5 UG/L 6/18/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 CR6 0.9 UG/L 7/17/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 CR6 2.7 UG/L 7/17/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-016 36.046 -119.028 CR6 0.1 UG/L 7/17/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-036 36.075 -119.067 CR6 0.3 UG/L 7/17/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-016 36.046 -119.028 CR6 0.4 UG/L 7/24/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 CR6 1.2 UG/L 7/24/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400544-003 35.844 -119.345 CR6 8.9 UG/L 8/27/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.2 UG/L 9/18/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-004 36.075 -119.028 CR6 5.5 UG/L 10/3/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 CR6 3.1 UG/L 10/3/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 CR6 0 UG/L 10/14/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 CR6 0 UG/L 10/14/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400663-002 36.075 -118.988 CR6 5.1 UG/L 12/8/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400886-001 35.844 -119.226 CR6 7.1 UG/L 12/10/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 CR6 0 UG/L 12/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-047 36.075 -119.067 CR6 1.5 UG/L 5/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 CR6 0 UG/L 5/22/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 CR6 0 UG/L 5/22/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 CR6 0 UG/L 5/22/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400663-002 36.075 -118.988 CR6 4.2 UG/L 10/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401038-002 36.046 -119.028 CR6 0 UG/L 12/16/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400718-002 36.075 -119.146 CR6 0.1 UG/L 4/6/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.2 UG/L 9/28/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 3.1 UG/L 11/3/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 3.1 UG/L 2/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 3.3 UG/L 5/25/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.1 UG/L 8/30/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.2 UG/L 9/20/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.3 UG/L 6/11/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.2 UG/L 6/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 CR6 4.1 UG/L 7/19/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)

Hexavalent Chromium Data
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5410021-002 35.873 -119.265 CR6 9.8 UG/L 8/23/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 CR6 0.69 UG/L 9/16/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1 UG/L 11/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 9.3 UG/L 11/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 7.2 UG/L 11/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 5.9 UG/L 11/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.9 UG/L 11/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.4 UG/L 2/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 6.1 UG/L 2/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 5.6 UG/L 2/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.7 UG/L 2/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 CR6 0.16 UG/L 3/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 CR6 0.15 UG/L 3/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 CR6 0.03 UG/L 3/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 CR6 0.03 UG/L 3/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 CR6 0.55 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 CR6 0.49 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 CR6 1.2 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 CR6 0.26 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 CR6 0.23 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 CR6 2 UG/L 3/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 CR6 0.061 UG/L 3/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 CR6 0.071 UG/L 3/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 CR6 0.14 UG/L 3/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 CR6 1 UG/L 3/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-037 36.075 -119.067 CR6 0.97 UG/L 3/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 CR6 0.32 UG/L 3/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 CR6 2.8 UG/L 3/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 CR6 0.14 UG/L 3/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 CR6 0.21 UG/L 3/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 CR6 0.054 UG/L 3/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 CR6 0.059 UG/L 3/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 CR6 0.11 UG/L 3/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 CR6 0.24 UG/L 3/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 CR6 3.7 UG/L 3/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 CR6 0.033 UG/L 3/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 CR6 0.035 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 CR6 0.082 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 CR6 0.069 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 CR6 0.15 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 CR6 0.35 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 CR6 0.03 UG/L 3/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 CR6 1.4 UG/L 3/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 CR6 0.03 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 8.9 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.6 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.4 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-004 35.959 -119.305 CR6 6.61 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-005 35.959 -119.305 CR6 0.05 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-006 35.959 -119.265 CR6 3.47 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 CR6 9.7 UG/L 8/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-001 36.017 -119.305 CR6 2.2 UG/L 8/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-002 36.017 -119.305 CR6 1.9 UG/L 8/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-025 35.988 -119.028 CR6 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 CR6 0 UG/L 8/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-002 36.046 -119.305 CR6 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 CR6 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.6 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 7.1 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5410025-002 36.104 -119.186 CR6 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 CR6 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 CR6 0.55 UG/L 8/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 CR6 0 UG/L 8/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 CR6 0 UG/L 8/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 CR6 0 UG/L 8/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-001 35.815 -119.146 CR6 2.1 UG/L 9/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400886-001 35.844 -119.226 CR6 6.12 UG/L 9/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400735-001 35.815 -119.146 CR6 1.9 UG/L 9/30/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-004 35.902 -119.028 CR6 0 UG/L 10/3/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-005 35.902 -119.067 CR6 0 UG/L 10/3/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-001 36.133 -119.305 CR6 0 UG/L 10/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 CR6 0 UG/L 10/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 CR6 0 UG/L 10/30/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 CR6 0 UG/L 10/30/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 CR6 0 UG/L 11/4/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 CR6 0 UG/L 11/4/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 CR6 0.5 UG/L 11/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.9 UG/L 11/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.9 UG/L 11/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9.3 UG/L 11/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-001 36.017 -119.463 CR6 0.91 UG/L 11/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-001 35.786 -119.186 CR6 0.84 UG/L 12/1/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400544-003 35.844 -119.345 CR6 9.5 UG/L 12/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-003 36.046 -118.988 CR6 0.2 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-004 36.046 -118.988 CR6 0.2 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-005 36.046 -118.988 CR6 0.43 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-006 36.046 -118.988 CR6 0.83 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-007 36.046 -118.988 CR6 0.39 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-009 36.046 -118.988 CR6 2.2 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-010 36.046 -118.988 CR6 1.5 UG/L 12/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400882-001 36.046 -119.146 CR6 0.2 UG/L 12/16/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 CR6 2 UG/L 12/16/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400884-003 36.075 -119.107 CR6 0.5 UG/L 12/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400994-002 36.017 -119.028 CR6 1.4 UG/L 12/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400529-001 36.046 -119.028 CR6 0 UG/L 12/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400558-002 35.988 -119.186 CR6 1.7 UG/L 12/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400641-002 35.931 -119.265 CR6 6.2 UG/L 12/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400651-001 36.104 -119.067 CR6 0 UG/L 12/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400718-002 36.075 -119.146 CR6 0.5 UG/L 12/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403149-001 36.046 -118.988 CR6 0.8 UG/L 12/22/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400964-001 35.786 -119.186 CR6 1.5 UG/L 12/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400655-001 36.046 -119.028 CR6 0.5 UG/L 1/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.8 UG/L 2/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9.3 UG/L 2/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400602-001 36.046 -118.948 CR6 1.4 UG/L 2/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400504-001 36.046 -119.028 CR6 0.2 UG/L 2/25/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400527-001 36.075 -119.028 CR6 0 UG/L 2/26/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401038-001 36.046 -119.028 CR6 0 UG/L 3/4/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-004 35.786 -119.107 CR6 0.2 UG/L 4/27/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-005 35.815 -119.107 CR6 0.71 UG/L 4/27/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 7 UG/L 5/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 9.2 UG/L 5/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9.2 UG/L 5/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 9.2 UG/L 8/20/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.5 UG/L 8/20/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.2 UG/L 8/20/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 6.6 UG/L 11/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 8.9 UG/L 11/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.3 UG/L 11/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8 UG/L 11/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-004 35.786 -119.186 CR6 1.4 UG/L 12/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403149-001 36.046 -118.988 CR6 0.5 UG/L 12/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 9.3 UG/L 2/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 7.9 UG/L 2/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.2 UG/L 2/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.2 UG/L 2/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-098 36.017 -119.067 CR6 0.5 UG/L 3/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403038-001 36.046 -118.948 CR6 0 UG/L 4/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5410048-001 36.075 -119.107 CR6 0.5 UG/L 4/14/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 CR6 0.5 UG/L 4/14/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 9.1 UG/L 5/23/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 9.9 UG/L 5/23/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 9.2 UG/L 5/23/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.6 UG/L 5/23/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 CR6 9.2 UG/L 7/26/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.8 UG/L 8/18/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.8 UG/L 8/18/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 8.1 UG/L 8/18/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403204-001 35.844 -119.265 CR6 5 UG/L 9/6/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403204-003 35.844 -119.265 CR6 3.2 UG/L 9/6/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 CR6 0 UG/L 9/8/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-003 35.786 -119.146 CR6 0 UG/L 9/23/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-004 35.786 -119.107 CR6 0.2 UG/L 9/29/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-005 35.815 -119.107 CR6 0.93 UG/L 9/29/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-005 36.133 -119.305 CR6 1 UG/L 9/30/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 9.3 UG/L 11/22/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 9 UG/L 11/22/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9.2 UG/L 11/22/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.9 UG/L 2/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 6.3 UG/L 2/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 9 UG/L 2/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 CR6 2.8 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 CR6 1.4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 CR6 1 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 CR6 5 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-098 36.017 -119.067 CR6 1 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 CR6 8.8 UG/L 4/26/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 CR6 5.8 UG/L 4/26/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 CR6 7.4 UG/L 4/26/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 CR6 7.4 UG/L 4/26/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 CR6 2.2 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 CR6 1 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 CR6 1 UG/L 5/11/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-001 36.075 -119.107 CR6 1 UG/L 5/11/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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2008 2009 2010 2011 2012 2013 2014 2015 2016

Terra Bella 
Irrigation District 2 2 2 3 2 2 0 0

Pixley Public 
Utility District 9 10 9.37 9.37 12.5 9.43 3.01 3.01

Tipton Community 
Service District 9.9 7.9 12 21.5 17.5 14.5 3.3

Poplar Community 
Services District
Woodville Public 
Utility District 33 33 34 38 38 45 38
City of Porterville 0.27 16.53 18.9 19.4 18.9 3 3
Maximum 
Contaminant 
Levels 45 45 45 45 45 45 45 45 45

Nitrate Data

Appendix E - 6



WELL NAME
APPROXIMATE 

LATITUDE
APPROXIMATE 

LONGITUDE
CHEMICA

L RESULT UNITS DATE DATASET COUNTY RB GW_BASIN_NAME
5400935-001 36.046 -118.988 PCATE 6.6 UG/L 2/27/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400718-001 36.075 -119.146 PCATE 0 UG/L 4/11/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 0 UG/L 5/21/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 6/6/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 6/14/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 6/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 8/9/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.4 UG/L 11/14/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 4 UG/L 11/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 PCATE 4 UG/L 11/28/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 12/5/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 12/5/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 12/20/2001 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 9.08 UG/L 3/7/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.5 UG/L 4/11/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.05 UG/L 5/28/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 6/10/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.31 UG/L 6/26/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 7/23/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 8/15/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 8/26/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 9.3 UG/L 11/20/2002 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.7 UG/L 1/22/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-016 36.046 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 PCATE 0 UG/L 2/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 3 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 3 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 3 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 3 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 3 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 0 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 0 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 0 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 0 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 0 UG/L 3/27/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.6 UG/L 4/17/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 5/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 PCATE 0 UG/L 5/22/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 5/29/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 6/18/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 7/23/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-004 36.075 -119.028 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-036 36.075 -119.067 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 PCATE 4 UG/L 8/6/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-016 36.046 -119.028 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-047 36.075 -119.067 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 PCATE 4 UG/L 8/7/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)

Perchlorate Data
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5410010-003 36.075 -119.028 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-037 36.075 -119.067 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 PCATE 4 UG/L 8/13/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 8/15/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 9/24/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 10/15/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.6 UG/L 11/16/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 11/18/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-047 36.075 -119.067 PCATE 4 UG/L 12/11/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.2 UG/L 12/31/2003 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.9 UG/L 1/29/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.6 UG/L 2/20/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.2 UG/L 3/19/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.7 UG/L 4/7/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.4 UG/L 5/26/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.4 UG/L 6/25/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/20/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/27/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/30/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.7 UG/L 12/22/2004 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6 UG/L 1/18/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.5 UG/L 2/22/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.6 UG/L 3/11/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.9 UG/L 4/12/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.7 UG/L 6/20/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/20/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.7 UG/L 8/15/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.5 UG/L 9/14/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.8 UG/L 10/13/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.4 UG/L 11/16/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-01 35.886 -119.277 PCATE 0.5 UG/L 11/29/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-02 36.103 -119.2 PCATE 0.5 UG/L 11/30/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-03 36.114 -119.323 PCATE 0.5 UG/L 11/30/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-05 35.882 -119.052 PCATE 1 UG/L 12/5/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-04 35.789 -119.105 PCATE 0.5 UG/L 12/5/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-06 35.923 -119.088 PCATE 0.5 UG/L 12/5/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-07 36.068 -119.304 PCATE 0.5 UG/L 12/6/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.5 UG/L 12/7/2005 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-10 36.029 -119.099 PCATE 0.64 UG/L 12/7/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-08 35.968 -119.29 PCATE 0.5 UG/L 12/7/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-09 36.053 -119.021 PCATE 0.5 UG/L 12/7/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-11 35.829 -119.472 PCATE 0.5 UG/L 12/8/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-12 35.904 -119.43 PCATE 0.5 UG/L 12/8/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-14 35.979 -119.176 PCATE 0.94 UG/L 12/13/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-13 36.051 -119.135 PCATE 0.5 UG/L 12/13/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-15 35.869 -119.47 PCATE 0.5 UG/L 12/14/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-16 35.817 -119.213 PCATE 0.5 UG/L 12/14/2005 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.1 UG/L 1/11/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/9/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-17 35.855 -119.326 PCATE 0.5 UG/L 2/28/2006 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 24 UG/L 4/17/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7 UG/L 5/15/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TUL1005 36.037 -119.12 PCATE 0 UG/L 6/6/2006 GAMA TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TUL1006 36.014 -119.037 PCATE 0 UG/L 6/8/2006 GAMA TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TUL1062 36.054 -118.997 PCATE 5.8 UG/L 6/15/2006 GAMA TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.3 UG/L 6/19/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TUL1107 36.045 -118.946 PCATE 13 UG/L 6/22/2006 GAMA TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/17/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/15/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7.5 UG/L 9/11/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.2 UG/L 10/11/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.2 UG/L 11/13/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.9 UG/L 12/6/2006 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.7 UG/L 1/8/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.6 UG/L 2/5/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400935-001 36.046 -118.988 PCATE 5.5 UG/L 3/5/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.2 UG/L 4/9/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 5/8/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.2 UG/L 6/11/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/17/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/17/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/5/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400886-001 35.844 -119.226 PCATE 1 UG/L 11/16/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 2 UG/L 11/21/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400655-001 36.046 -119.028 PCATE 0 UG/L 11/29/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 12/3/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 12/5/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-002 36.046 -119.305 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 PCATE 0 UG/L 12/6/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-001 36.133 -119.305 PCATE 0 UG/L 12/12/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 PCATE 0 UG/L 12/12/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400651-001 36.104 -119.067 PCATE 0 UG/L 12/14/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 PCATE 0 UG/L 12/17/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 PCATE 0 UG/L 12/17/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-002 36.046 -119.305 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-006 35.988 -119.107 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-007 35.988 -119.107 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 PCATE 0 UG/L 12/20/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 PCATE 0 UG/L 12/28/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400884-003 36.075 -119.107 PCATE 1 UG/L 12/31/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 PCATE 0 UG/L 12/31/2007 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6 UG/L 1/7/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-002 36.017 -119.503 PCATE 4 UG/L 1/8/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400882-001 36.046 -119.146 PCATE 0.004 UG/L 1/8/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-001 36.017 -119.463 PCATE 0.004 UG/L 1/8/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401038-001 36.046 -119.028 PCATE 0 UG/L 1/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-001 36.017 -119.305 PCATE 4 UG/L 1/22/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-002 36.017 -119.305 PCATE 4 UG/L 1/22/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400920-001 36.075 -119.305 PCATE 0 UG/L 1/31/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.8 UG/L 2/4/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-001 35.959 -119.305 PCATE 1 UG/L 2/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-004 35.959 -119.305 PCATE 1 UG/L 2/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-005 35.959 -119.305 PCATE 1 UG/L 2/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-006 35.959 -119.265 PCATE 1 UG/L 2/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.6 UG/L 3/3/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-001 36.133 -119.305 PCATE 0 UG/L 3/7/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 PCATE 0 UG/L 3/7/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400544-003 35.844 -119.345 PCATE 1 UG/L 3/26/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 PCATE 1 UG/L 3/26/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.5 UG/L 4/7/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400641-001 35.931 -119.265 PCATE 0 UG/L 4/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400641-002 35.931 -119.265 PCATE 0 UG/L 4/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400663-002 36.075 -118.988 PCATE 1 UG/L 4/24/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400651-001 36.104 -119.067 PCATE 0 UG/L 5/2/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 7 UG/L 5/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 PCATE 0 UG/L 5/8/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-004 35.902 -119.028 PCATE 0 UG/L 5/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400542-005 35.902 -119.067 PCATE 0 UG/L 5/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400994-002 36.017 -119.028 PCATE 1 UG/L 5/15/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 5/15/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-002 36.104 -119.028 PCATE 0 UG/L 5/15/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 5/15/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 1 UG/L 5/20/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/2/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-007 35.988 -119.107 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 PCATE 0 UG/L 6/9/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400886-001 35.844 -119.226 PCATE 1 UG/L 6/10/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 6/11/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-002 36.046 -119.305 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 PCATE 0 UG/L 6/12/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 1 UG/L 6/19/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400558-002 35.988 -119.186 PCATE 0 UG/L 6/20/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 PCATE 0 UG/L 6/23/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 PCATE 0 UG/L 6/24/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 PCATE 0 UG/L 6/24/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-001 36.017 -119.463 PCATE 180 UG/L 7/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-002 36.017 -119.503 PCATE 160 UG/L 7/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-001 36.017 -119.305 PCATE 4 UG/L 7/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-002 36.017 -119.305 PCATE 4 UG/L 7/14/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-001 35.959 -119.305 PCATE 1 UG/L 7/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-004 35.959 -119.305 PCATE 1 UG/L 7/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-005 35.959 -119.305 PCATE 1 UG/L 7/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-006 35.959 -119.265 PCATE 1 UG/L 7/21/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 8/4/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400882-001 36.046 -119.146 PCATE 4 UG/L 8/19/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-001 36.133 -119.305 PCATE 0 UG/L 8/19/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 PCATE 0 UG/L 8/19/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 1 UG/L 8/25/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-006 35.988 -119.107 PCATE 0 UG/L 8/27/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/2/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400884-003 36.075 -119.107 PCATE 1 UG/L 9/5/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400994-002 36.017 -119.028 PCATE 1 UG/L 9/5/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 PCATE 1 UG/L 9/8/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-004 35.902 -119.028 PCATE 0 UG/L 10/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-005 35.902 -119.067 PCATE 0 UG/L 10/6/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.1 UG/L 11/3/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-05 35.882 -119.052 PCATE 0.82 UG/L 11/3/2008 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
TULE-10 36.029 -119.099 PCATE 0.75 UG/L 11/3/2008 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400994-002 36.017 -119.028 PCATE 2 UG/L 11/25/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.1 UG/L 12/1/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 2 UG/L 12/10/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 0 UG/L 12/11/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-002 36.046 -119.305 PCATE 0 UG/L 12/11/2008 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.6 UG/L 2/2/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 4 UG/L 2/17/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 0 UG/L 2/19/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-002 36.046 -119.305 PCATE 0 UG/L 2/19/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 2 UG/L 2/25/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.7 UG/L 3/16/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 PCATE 0 UG/L 3/17/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400792-002 36.075 -119.146 PCATE 0 UG/L 3/17/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 4/1/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.8 UG/L 4/6/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400655-001 36.046 -119.028 PCATE 0 UG/L 4/28/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 0 UG/L 5/14/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-002 36.046 -119.305 PCATE 0 UG/L 5/14/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401038-001 36.046 -119.028 PCATE 0 UG/L 5/27/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401038-002 36.046 -119.028 PCATE 0 UG/L 5/27/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 5/28/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-002 36.104 -119.028 PCATE 0 UG/L 5/28/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 5/28/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.8 UG/L 6/1/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-001 36.046 -119.305 PCATE 0 UG/L 6/4/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-002 36.046 -119.305 PCATE 0 UG/L 6/4/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-010 36.046 -118.988 PCATE 2 UG/L 6/11/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400558-002 35.988 -119.186 PCATE 0 UG/L 6/22/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/29/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/6/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 7/14/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/3/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 8/6/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6 UG/L 9/8/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400655-001 36.046 -119.028 PCATE 0 UG/L 9/17/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5 UG/L 10/5/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/2/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 11/2/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-002 36.104 -119.028 PCATE 0 UG/L 11/2/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 11/2/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400641-002 35.931 -119.265 PCATE 0 UG/L 11/10/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-001 35.786 -119.186 PCATE 4 UG/L 11/30/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 12/3/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400529-001 36.046 -119.028 PCATE 0 UG/L 12/4/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5 UG/L 12/7/2009 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.1 UG/L 1/4/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.9 UG/L 2/1/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 2/11/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400735-001 35.815 -119.146 PCATE 0 UG/L 3/4/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 3/4/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 6.2 UG/L 3/23/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 PCATE 2 UG/L 3/29/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.3 UG/L 4/5/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 4/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-002 36.104 -119.028 PCATE 0 UG/L 4/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 4/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400558-002 35.988 -119.186 PCATE 0 UG/L 4/30/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.4 UG/L 5/3/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 5/13/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-001 35.815 -119.146 PCATE 4 UG/L 6/9/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400527-001 36.075 -119.028 PCATE 0 UG/L 6/29/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400529-001 36.046 -119.028 PCATE 0 UG/L 7/1/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/6/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 2 UG/L 8/2/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 8/5/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 8/9/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 8/12/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 PCATE 2 UG/L 8/19/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 9/7/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.2 UG/L 9/20/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 9/28/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 10/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-002 36.104 -119.028 PCATE 0 UG/L 10/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 10/27/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5 UG/L 11/1/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-025 35.988 -119.028 PCATE 0 UG/L 11/2/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 13 UG/L 11/4/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 12/6/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-006 35.988 -119.107 PCATE 0 UG/L 12/6/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-001 35.815 -119.146 PCATE 4 UG/L 12/13/2010 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 1/3/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400718-002 36.075 -119.146 PCATE 2 UG/L 1/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400935-001 36.046 -118.988 PCATE 12 UG/L 2/7/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 3/7/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 PCATE 2 UG/L 3/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 PCATE 2 UG/L 3/9/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 PCATE 2 UG/L 3/10/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 PCATE 2 UG/L 3/10/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 3/10/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.3 UG/L 4/4/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.9 UG/L 5/2/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 5/5/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-002 36.046 -119.305 PCATE 0 UG/L 5/12/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 PCATE 0 UG/L 5/12/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 0 UG/L 5/12/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 PCATE 0 UG/L 5/12/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 PCATE 0 UG/L 5/12/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-007 35.988 -119.107 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 PCATE 0 UG/L 5/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-037 36.075 -119.067 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-047 36.075 -119.067 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-001 36.075 -119.107 PCATE 2 UG/L 5/18/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 2 UG/L 5/19/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-002 35.873 -119.265 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 5/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 6/2/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 2 UG/L 6/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 6/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 6/7/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 7/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 7/20/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 7/28/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 8/3/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 8/4/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5401006-001 36.133 -119.305 PCATE 0 UG/L 8/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 PCATE 0 UG/L 8/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 PCATE 0 UG/L 8/16/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 9/1/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 9/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/20/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 10/4/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 10/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-015 36.075 -119.028 PCATE 2 UG/L 10/11/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 10/26/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-004 35.959 -119.305 PCATE 2 UG/L 10/28/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-005 35.959 -119.305 PCATE 2 UG/L 10/28/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-006 35.959 -119.265 PCATE 2 UG/L 10/28/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400558-002 35.988 -119.186 PCATE 0 UG/L 11/3/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-001 35.786 -119.186 PCATE 4 UG/L 11/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 PCATE 4 UG/L 11/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 11/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 11/10/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-001 36.017 -119.463 PCATE 4 UG/L 11/15/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 PCATE 2 UG/L 11/15/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 PCATE 2 UG/L 11/15/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 PCATE 2 UG/L 11/15/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 PCATE 2 UG/L 11/15/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 12/6/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 12/8/2011 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 1/3/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 1/5/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403119-003 36.046 -119.305 PCATE 0 UG/L 2/2/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 2/7/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 PCATE 0 UG/L 2/9/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 3/6/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 4/3/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 5.3 UG/L 5/7/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 PCATE 2 UG/L 5/11/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 PCATE 2 UG/L 5/11/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 6/5/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/11/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/17/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 PCATE 2 UG/L 8/1/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 PCATE 2 UG/L 8/1/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/7/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 PCATE 0 UG/L 8/14/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/4/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400882-001 36.046 -119.146 PCATE 4 UG/L 9/11/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/2/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/6/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.1 UG/L 12/4/2012 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-003 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-004 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-005 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-006 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-007 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-009 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-010 36.046 -118.988 PCATE 0 UG/L 1/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/8/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/4/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/5/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 3/5/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/3/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/4/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-003 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-004 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-006 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-007 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-009 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-010 36.046 -118.988 PCATE 0 UG/L 6/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 6/14/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/1/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400769-001 36.104 -119.028 PCATE 2 UG/L 7/11/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400935-003 36.046 -118.988 PCATE 0 UG/L 7/19/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 7/30/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-005 36.046 -118.988 PCATE 0 UG/L 8/5/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-001 36.075 -119.146 PCATE 0 UG/L 8/9/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 PCATE 0 UG/L 8/9/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-025 35.988 -119.028 PCATE 4 UG/L 8/27/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/3/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-004 35.902 -119.028 PCATE 0 UG/L 10/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400542-005 35.902 -119.067 PCATE 0 UG/L 10/7/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 10/8/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/10/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 11/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/3/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-098 36.017 -119.067 PCATE 0 UG/L 12/6/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-001 35.815 -119.146 PCATE 4 UG/L 12/10/2013 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 1/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/4/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/4/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 PCATE 2 UG/L 3/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 3/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-082 36.046 -119.028 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-086 36.046 -119.028 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 PCATE 2 UG/L 3/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-004 35.786 -119.107 PCATE 4 UG/L 3/28/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/2/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/8/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400884-003 36.075 -119.107 PCATE 0 UG/L 4/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 4/29/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/6/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400666-001 36.104 -119.028 PCATE 0 UG/L 5/6/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 5/6/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-027 35.931 -119.028 PCATE 0 UG/L 5/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 PCATE 2 UG/L 5/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 PCATE 2 UG/L 5/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-037 36.075 -119.067 PCATE 2 UG/L 5/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 PCATE 2 UG/L 5/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 2 UG/L 5/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-001 36.075 -119.107 PCATE 2 UG/L 5/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 2 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 2 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 PCATE 2 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 PCATE 2 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5410014-002 36.046 -119.305 PCATE 0 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410014-004 36.046 -119.305 PCATE 0 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-002 36.104 -119.186 PCATE 0 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-003 36.046 -119.146 PCATE 0 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-005 36.046 -119.146 PCATE 0 UG/L 5/15/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-028 35.959 -119.067 PCATE 0 UG/L 5/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/3/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/19/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410025-004 36.104 -119.186 PCATE 0 UG/L 6/26/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/1/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/8/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
1510005-042 35.786 -119.265 PCATE 0 UG/L 7/8/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/14/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/22/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/29/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-004 35.959 -119.305 PCATE 2 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-005 35.959 -119.305 PCATE 2 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410009-006 35.959 -119.265 PCATE 2 UG/L 7/31/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/5/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-001 36.133 -119.305 PCATE 0 UG/L 8/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-003 36.133 -119.305 PCATE 0 UG/L 8/11/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-002 35.988 -118.988 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-004 36.017 -118.948 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-009 35.988 -118.988 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-011 35.959 -119.028 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-013 36.017 -118.948 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-014 35.988 -118.948 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-016 35.988 -118.948 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-020 35.988 -118.988 PCATE 0 UG/L 8/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-001 35.873 -119.265 PCATE 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-003 35.873 -119.265 PCATE 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410021-004 35.873 -119.265 PCATE 0 UG/L 8/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/26/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410026-004 36.046 -119.146 PCATE 0 UG/L 8/27/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/3/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/9/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/16/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/23/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4.5 UG/L 9/30/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400735-001 35.815 -119.146 PCATE 0 UG/L 9/30/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-001 35.786 -119.186 PCATE 4 UG/L 10/7/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/13/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/20/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/28/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/4/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 PCATE 4 UG/L 11/10/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/12/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/18/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403054-001 36.017 -119.463 PCATE 4 UG/L 11/24/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/25/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/2/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/8/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE26 36.039 -119.024 PCATE 0.52 UG/L 12/10/2014 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/17/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE23 35.965 -119.073 PCATE 0.9 UG/L 12/17/2014 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/21/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/29/2014 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/12/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 1/15/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE15 36.135 -119.166 PCATE 0.54 UG/L 1/15/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/20/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/27/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/3/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5403140-001 35.815 -119.146 PCATE 4 UG/L 2/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 PCATE 0 UG/L 2/23/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/25/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE05 36.077 -119.387 PCATE 0.57 UG/L 2/26/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/3/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE03 35.998 -119.452 PCATE 0.1 UG/L 3/4/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE07 35.946 -119.327 PCATE 1.24 UG/L 3/5/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE24 36.049 -119.134 PCATE 0.86 UG/L 3/16/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE17 35.968 -119.143 PCATE 0.38 UG/L 3/16/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/17/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE04 36.057 -119.511 PCATE 0.1 UG/L 3/17/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE14 36.122 -119.254 PCATE 0.99 UG/L 3/18/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE13 36.061 -119.306 PCATE 0.64 UG/L 3/18/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE19 35.839 -119.23 PCATE 0.95 UG/L 3/23/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE06 36.053 -119.34 PCATE 0.64 UG/L 3/23/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE12 35.995 -119.274 PCATE 1.04 UG/L 3/24/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE09 35.831 -119.394 PCATE 0.1 UG/L 3/24/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/25/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE10 35.869 -119.263 PCATE 1.33 UG/L 3/25/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE18 35.932 -119.168 PCATE 0.85 UG/L 3/25/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE11 35.923 -119.274 PCATE 1.39 UG/L 3/29/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/30/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE22 35.911 -119.056 PCATE 2.17 UG/L 3/30/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE25 36.072 -119.006 PCATE 4.81 UG/L 4/7/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE30 35.797 -119.033 PCATE 0.1 UG/L 4/7/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE16 36.059 -119.143 PCATE 0.12 UG/L 4/8/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE21 35.861 -119.061 PCATE 0.12 UG/L 4/8/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/14/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE28 35.907 -119.038 PCATE 2.26 UG/L 4/20/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE02 35.872 -119.487 PCATE 0.1 UG/L 4/20/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/21/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400600-001 36.075 -119.028 PCATE 0 UG/L 4/22/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE01 35.841 -119.467 PCATE 0.1 UG/L 4/27/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE08 35.919 -119.425 PCATE 0.1 UG/L 4/27/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/29/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
S4-TUSK-TLE29 35.874 -118.974 PCATE 0.43 UG/L 4/30/2015 USGS TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/5/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400767-001 36.046 -118.988 PCATE 0 UG/L 5/5/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/12/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/19/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/26/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/2/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 6/2/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 6/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/16/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 6/16/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/23/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 6/23/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/30/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 6/30/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400504-001 36.046 -119.028 PCATE 4 UG/L 7/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 7/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/15/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 7/15/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/21/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 7/21/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/28/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 7/28/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/3/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 8/3/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/11/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 8/11/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-024 35.988 -119.028 PCATE 0 UG/L 8/17/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 8/18/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5410021-002 35.873 -119.265 PCATE 0 UG/L 8/20/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/24/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 8/24/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400882-001 36.046 -119.146 PCATE 4 UG/L 9/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 9/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 0 UG/L 9/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 0 UG/L 9/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/15/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 9/15/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/22/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 9/22/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 10/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-005 36.133 -119.305 PCATE 4 UG/L 10/2/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 10/6/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/19/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 10/19/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/27/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 10/27/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400604-003 36.046 -118.988 PCATE 2 UG/L 11/2/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/4/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 11/4/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 11/9/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/17/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 11/17/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 11/23/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 12/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400544-003 35.844 -119.345 PCATE 2 UG/L 12/1/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-004 35.786 -119.186 PCATE 4 UG/L 12/7/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/8/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 12/8/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403149-001 36.046 -118.988 PCATE 2 UG/L 12/10/2015 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/12/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-003 36.046 -118.988 PCATE 4 UG/L 1/12/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/9/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400504-001 36.046 -119.028 PCATE 2 UG/L 2/24/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/8/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-098 36.017 -119.067 PCATE 2 UG/L 3/11/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/7/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400886-001 35.844 -119.226 PCATE 2 UG/L 4/12/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/17/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401004-004 35.786 -119.186 PCATE 4 UG/L 6/15/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 6/27/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-003 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-004 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-005 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-006 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-007 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-010 36.046 -118.988 PCATE 0 UG/L 7/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 8/3/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410038-025 35.988 -119.028 PCATE 0 UG/L 8/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410801-009 36.046 -118.988 PCATE 0 UG/L 9/1/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403204-001 35.844 -119.265 PCATE 4 UG/L 9/6/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403204-003 35.844 -119.265 PCATE 4 UG/L 9/6/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 9/13/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-004 35.786 -119.107 PCATE 4 UG/L 9/29/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-005 35.815 -119.107 PCATE 4 UG/L 9/29/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5401006-005 36.133 -119.305 PCATE 4 UG/L 9/30/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 10/25/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 11/22/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 12/7/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 12/8/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403140-003 35.786 -119.146 PCATE 0 UG/L 12/16/2016 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410050-004 35.873 -119.463 PCATE 0 UG/L 1/4/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 1/11/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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5400792-001 36.075 -119.146 PCATE 0 UG/L 1/30/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400792-002 36.075 -119.146 PCATE 0 UG/L 1/30/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 2/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403149-001 36.046 -118.988 PCATE 4 UG/L 2/27/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403048-001 35.988 -119.305 PCATE 4 UG/L 3/7/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 3/14/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410024-005 35.815 -119.107 PCATE 4 UG/L 3/14/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-003 36.075 -119.028 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-005 36.075 -119.028 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-008 36.075 -119.028 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-019 36.075 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-020 36.075 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-021 36.075 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-022 36.046 -119.028 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-033 36.075 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-039 36.075 -119.028 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-049 36.075 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-096 36.046 -119.067 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-002 36.075 -119.107 PCATE 4 UG/L 3/15/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-013 36.075 -119.028 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-018 36.075 -119.028 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-024 36.075 -119.028 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-025 36.046 -119.028 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-056 36.046 -119.067 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-079 36.046 -119.028 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-088 36.017 -119.067 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-098 36.017 -119.067 PCATE 4 UG/L 3/16/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 4/12/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5400935-001 36.046 -118.988 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-006 36.075 -119.028 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-009 36.075 -119.028 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-010 36.075 -119.028 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-014 36.075 -119.028 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-023 36.075 -119.067 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-026 36.075 -119.067 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-032 36.046 -118.988 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-054 36.075 -119.067 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-090 36.017 -119.067 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-092 36.075 -119.067 PCATE 4 UG/L 5/10/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410010-040 36.075 -119.067 PCATE 4 UG/L 5/11/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5410048-001 36.075 -119.107 PCATE 4 UG/L 5/11/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-001 36.017 -119.305 PCATE 0 UG/L 6/14/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
5403042-002 36.017 -119.305 PCATE 0 UG/L 6/14/2017 DDW TULARE 5 SAN JOAQUIN VALLEY - TULE (5-22.13)
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Tule River Basin 
Integrated Regional Water Management (IRWM) 

Phase 1: Abstract Solicitation for Projects and Programs 

The Tule River Basin Integrated Regional Water Management (IRWM) Regional Water Management 
Group (RWMG) is soliciting projects and programs to update the IRWM Plan full project list.  

2018 Tule River Basin IRWMP 
http://www.tuleirwmp.com  

Please see Section G – Project Solicitation, Selection, and Prioritization, which describes the solicitation 
process, how projects are scored, and the required conditions for a project/program to be incorporated 
into the IRWMP.  

New Concepts and Projects/Programs 
RWMG members, local public agencies, nonprofit organizations, Native American tribes, and interested 
stakeholders are invited to submit the attached Phase 1 Abstract Form for review and consideration on 
the IRWM project list update. 

Phase 1 Abstract Form Deadline: Insert Date 
Submit via email (preferred) to:   Insert Submission/Contact Information 

Note: Project Proponents will be contacted whether a project or program will continue to Phase 2 

Phase 2

Phase 1

Phase 3 

Potential project proponents are 
notified of project solicitation 

Phase 1 Abstract Forms 
are accepted and 

reviewed

Objectives Worksheet 
Submitted and Scored

Supplemental Scoring 
Questions Answered

Final Project 
List Approved

Stakeholder 
Evaluation and 

Board Approvals 

Projects are Evaluated 
for Technical Accuracy

Project Solicitation, Scoring, and Selection Process 

Readiness to Proceed 
Worksheet Submitted 

and Scored

Appendix H - 1



Tule River Basin 
Integrated Regional Water Management (IRWM) 

Phase 1: Abstract Form 

Project/Program Title:   

Sponsoring Agency/Organization: 

Proponent Information: 

Contact Name: 

Title/Affiliation: 

Address: 

Email:  

Phone:  

Project/Program Description: 

Project Website (if any): 

Brief Project/Program Description (1-2 sentences): 

Describe the most prominent need(s) or problem(s) that the project will address. 

Project/Program Location: 

Project Street Address or Nearest Intersection: 

Land Use (such as urban, rural, agricultural, etc.): 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 

Technical Feasibility: The following is critical to making a determination of feasibility by 
showing how well the project adheres to the objective or goal. Applicants should provide 
technical justification for the proposed projects claimed physical benefits.  

Discuss how the project was selected as the proffered alternative over other projects. 

Describe alternative projects and the pros and cons with each. 

Describe how this project is (or can be) integrated with other projects, creating synergistic 
regional benefits. 

Funding Feasibility 

Is the project considered to be the least cost alternative? 

Has a benefit:cost or cost effectiveness analysis been completed for the project? If yes, please 
cite reference and briefly summarize. If no analysis has been completed, briefly describe how 
you would approach conducting such an analysis. 

If known, please provide the Benefit:Cost Ratio. 

If the benefits of the project cannot be monetized, explain why. Include whether the benefits 
can still be described and quantified. 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 
Project Cost: If available, please provide the cost estimates as an attachment to the e-mail 
correspondence.  
 
Total Estimated Capital Cost:         

Total Estimated Project Labor Costs:        

Estimated Project Life Cycle (Project Life):       

Annual Project Operations and Maintenance Cost:      

How will operations and maintenance costs be covered? 

             
             
              
 
 
Explain how the project will reduce or minimize energy costs (if applicable) 
             
             
              
 
 
Describe the source(s) of Funding for Capital Cost. 
             
             
              
 
 
Describe the Source(s) of Funding for Operations and Maintenance Costs. 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 
Project Readiness: 
 
Anticipated Construction Start Date:        

Anticipated Project Completion Date:       

 
Please indicate the status (pending, [0% complete], in process, complete) of the following 
(Note: Provide documentation for status of “in process” or “complete”): 
 

Project Readiness 

Element Status % Complete Estimated 
Completion Date 

Feasibility Study    
Preliminary design    
Land 
Acquisition/Easements 

   

CEQA/NEPA    
Permit Acquisition    
Construction 
Documents 

   

Funding    
 
 
Project/Program Benefits: 
 
Does the project/program comply with the Tule River Basin IRWMP? Describe how the project 
addresses IRWMP Goals and Objectives (See IRWMP Section E) and relates to the State 
Resource Management Strategies (See IRWMP Section F).  
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 
Regional Distribution of Benefits:  
 
Does the project provide specific benefits to disadvantaged communities (DACs) and/or Native 
American Tribal communities? If so, explain. Include how you would approach 
quantifying/demonstrating the degree of benefit.  
             
             
              
 
 
Does the project distribute the benefits fairly over the region influenced by its implementation? 
If not, explain. Include how you would approach quantifying/demonstrating the degree of 
benefit. 
             
              
              
 
 
Discuss how the project addresses any known environmental justice issues (i.e., 
implementation of environmental laws, regulations, and policies)? 
             
             
              
 
 
 
Eligibility Criteria: 
 
Per DWR requirements, all projects must show compliance with the following documents, if 
applicable. 
 

Eligibility Criteria (check all that apply to the project) Check 
Box 

Groundwater Management Plan  
Urban Water Management Plan  
Water Meter Requirements  
Groundwater Monitoring Requirements  
AB 1420 Compliance  
BMP Compliance  
CEQA Compliance  
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

 
Phase 2: IRWMP Objectives Worksheet 

 
 

Project/Program Title:           

Sponsoring Agency/Organization:          

 

Proponent Information: 

 

Contact Name:            

Title/Affiliation:          

Address:           

Email:            

Phone:            

 
 
Directions: 
 

1. Mark an X next to the objectives your projects meets. 
2. For any objectives marked, please provide a 1-2 sentence description of how the project 

meets that objective. 
 
 

Goal: Maintain or improve the health of ecosystems within the region. 

Objectives Check 
Box Description (1-2 Sentences) 

Conserve, Enhance and Regenerate 
Riparian Habitats 

  

Conserve and Restore Native Species 
and Related Habitats 

  

Protect Water Resources that are 
critical to Native American Tribal 
Communities. 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

Goal: Protection of life, structure, equipment, and property from flooding. 

Objectives Check 
Box Description (1-2 Sentences) 

Evaluate and Modify Water 
Diversion and Conveyance 
Infrastructure 

  

Protect and Improve Water 
Resources through Land Use 
Practices  

  

 

Goal: Reduction of contamination of surface and groundwater resources 

Objectives Check 
Box Description (1-2 Sentences) 

Meet Applicable Regional Water 
Quality Control Board Basin Plan 
Objectives  

  

Manage Recreational Activities to 
Minimize Impacts on Water 
Resources  

  

Promote City, Community and 
Regional Storm Water Management 
Plans 

  

Evaluate and promote strategies to 
reduce arsenic, nitrate, and 
perchlorate contamination to levels 
below maximum contaminant level 

  

 
Goal: Expand regional response to climate change through mitigation and adaption 

strategies 

Objectives Check 
Box Description (1-2 Sentences) 

Increase Monitoring and Promote 
Research Programs to Better 
Understand the Effects of Climate 
Change on Ecosystems in the Region 

  

Plan for Potential Regional Impacts 
of Climate Change on Water 
Quantity and Quality 

  

Identify and Promote Strategies for 
Hydroelectric Generation Facilities 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

Goal: Work toward achievement of sustainable balanced surface and groundwater 
supplies. 

Objectives Check 
Box Description (1-2 Sentences) 

Protect and improve water 
resources through land use 
practices. 

  

Optimize efficient use, conservation, 
and recycling of water resources. 

  

Increase knowledge regarding 
groundwater related conditions and 
establish groundwater management 
practices. 

  

Reduce impacts and optimize 
benefits from assisting in other 
drought-related areas with basin-to-
basin transfers of water. 
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

 
Phase 2: Readiness to Proceed Questionnaire 

 
 

Project/Program Title:           

Sponsoring Agency/Organization:          

 

Proponent Information: 

 

Contact Name:            

Title/Affiliation:          

Address:           

Email:            

Phone:            

 
 
Directions: 

1. For each question, mark an X next to the response that most applies to the proposed 
project/program. (Mark one response only for each question) 

2. For the response marked, please provide a 1-2 sentence description of why the 
response was selected.  

 
 

How soon can the project/program be implemented without additional funding or new 
agreements? 

Possible Responses Check 
Box Description (1-2 Sentences) 

<1 year   
 

1-3 years   
 

3-6 years   
 

>6 years   
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

Does technical documentation exist to evaluate the technical feasibility of the project? 

Possible Responses Check 
Box Description (1-2 Sentences) 

Project has detailed documentation, 
including feasibility studies and 
completed engineering designs.  

  

Project is partially documented and 
has reconnaissance and/or feasibility 
studies but incomplete or partial 
designs.  

  

Feasibility studies have not yet been 
completed and the project has not 
been designed.  

  

 

Does the project/program have the necessary environmental documentation? 

Possible Responses Check 
Box Description (1-2 Sentences) 

Environmental documentation is 
complete.  

  

Some studies are completed and a 
clear plan to complete 
environmental documentation 
exists.  

  

No environmental studies have been 
completed and environmental 
compliance documents have not 
been started. 

  

 

Does the project have required permits or plans to obtain them? 

Possible Responses Check 
Box Description (1-2 Sentences) 

All required permits are obtained or 
in the process of being obtained.  

  

Permit requirements are known and 
there is a plan and schedule in place 
to obtain them. 

  

Permit requirements are not known.    
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

Is funding for the project secured? 

Possible Responses Check 
Box Description (1-2 Sentences) 

Financial plan and commitments are 
well defined and include resource 
commitments to maintenance and 
operations 

  

Financial plan is under development 
and/or awaiting rate payer and/or 
funding agency approval. No defined 
resource commitments to 
maintenance and operations exist.  

  

Financial plans and commitments 
have not been established for 
project implementation or for 
maintenance and operations.  
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Tule River Basin 
Integrated Regional Water Management (IRWM) 
 

Phase 2: Supplemental Scoring Questions (Optional) 
 
Project/Program Title:           
Sponsoring Agency/Organization:          
 
Proponent Information: 
 
Contact Name:            
Title/Affiliation:          
Address:           
Email:            
Phone:            
 
Questions: 
 
1. Does the project/program contribute to climate change adaption? This may include the 

following:   
• The project address climate change vulnerabilities as identified in the Tule River Basin 

IRWMP, Section O – Climate Change.  
• The project addresses changes in the amount, intensity, timing, quality and variability of 

runoff and recharge. 
 
If yes, please Describe: 
             
              
             
              
 
 
2. Does the project/program contribute to reducing GHG emissions? This may include the 

following:   
• Implementation of the project/program results in the reduction of GHG emissions as 

compared to project alternatives.  
• The project/program will help the IRWM region reduce GHG emissions over the 20-year 

planning horizon.  
• The project/program will reduce energy consumption.  
 
If yes, please Describe: 
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EXECUTIVE SUMMARY 

The Deer Creek and Tule River Authority (DCTRA) has prepared this 2018 Annual Report in conformance 
with the Groundwater Management Plan Update adopted in May of 2012, which is consistent with the re-
quirements of Senate Bill 1938 and covers a part of the Tule Subbasin as identified in the Department of 
water Resources Bulletin 118. Currently there are eight (8) Plan participants as follows; Lower Tule River 
Irrigation District, Pixley Irrigation District, Porterville Irrigation District, Terra Bella Irrigation District, Sauce-
lito Irrigation District, Tea Pot Dome Water District, Vandalia, Water District, Stone Corral Irrigation District. 

I 2018 DCTRA BASIN CONDITIONS 

The water conditions for 2018 within the DCTRA Basin (which excludes Stone Corral Irrigation District) 
have been summarized below: 

Precipitation: 

The long-term average annual rainfall within the DCTRA Basin is approximately 8.43 inches. The rainfall 
for water year 2018 rainfall of 6.64 inches, 78% of average. 

Surface Water: 

Tule River Run-off: During water year of 2018, the Tule River runoff at Success Reservoir was 61,830 
acre-feet or 45% of normal, as compared to the 115-year long term average annual Tule River inflow to 
Success Reservoir of 138,515 acre-feet. 

Deer Creek Run-off: The 2018 water year run-off of Deer Creek at Fountain Springs was 8,842 acre-
feet or 40% of normal, as compared to the long-term average annual Deer Creek flow at Fountain 
Springs of 21,897 acre-feet. 

Friant Kern Canal Deliveries: During water year 2018, the Friant Kern Canal CVP water delivered was 
to DCTRA members within the Basin 209,363 acre-feet or 91% of the long-term average annual CVP 
Water deliveries of 230,898 acre-feet. 

Combining the 2018 water year Tule River run-off at Success Reservoir, Deer Creek run-off near Foun-
tain Springs, and CVP imported surface water, the DCTRA Basin received a total of approximately 
280,035 acre-feet of surface water, or 72% of the long-term average of 391,476 acre-feet. 

II 2018 MONITORING RESULTS 

The results of the 2018 Monitoring activities completed by the DCTRA and its members are summarized 
as follows: 

Surface Water Quality:  

As Part of the Regional Water Quality Control Board’s (RWQBC) Irrigated Lands Waiver Program, the 
surface water quality was documented and analyzed from six (6) monitoring stations along the Tule 
River and Deer Creek (see Appendix B). During each month, if water was present, a sample was col-
lected and tested. If an exceedance for a particular constituent was identified as compared to the Water 
Quality Trigger Limits defined by the Tulare Lake Basin Plan, the RWQBC was notified of the exceed-
ance. 
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Groundwater Levels:  

The member districts of the DCTRA regularly measure groundwater levels from approximately 166 
wells. Depth to static groundwater measurements are taken twice a year, once in the spring (February) 
and again in the fall (October). Groundwater elevation contour maps for both the 2018 spring and fall 
measurements have been prepared, which identified a direction of flow from east to the southwest. 
Between the 2018 spring and fall groundwater monitoring events, the arithmetical average depth to 
groundwater decreased by 1.02 feet. 

Groundwater Quality:  

The DCTRA does not collect groundwater samples to measure quality. To identify the groundwater 
quality of different stakeholders within the DCTRA Basin, the Consumer Confidence Reports were col-
lected and summarized for communities within DCTRA (see Appendix C). 
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SECTION 1 - INTRODUCTION 

The Deer Creek and Tule River Authority (DCTRA) has prepared the 2018 Annual Report in conformance 
with the Groundwater Management Plan Update adopted May 2012, consistent with the requirements of 
Assembly Bill 3030 and Senate Bill 1938, and California Water Code Sections 10750 - 10755.   The DCTRA 
continues to promote and enhance groundwater recharge with a focused effort on better understanding of 
the existing conditions of groundwater within the DCTRA Basin.  

1.1 GENERAL 

The DCTRA land area is located entirely within and is a portion of the Tule Subbasin (defined by the De-
partment of Water Resources Bulletin 118). The DCTRA Plan Boundary Area (Basin) coverage includes 
the areas of the member districts and additional land not within a district boundary. The DCTRA boundary 
is within the County of Tulare and encompasses an area of approximately 289,000 acres bounded by: 

East:    Foothills of the Sierra Nevada Mountains 

West:    Kings/Tulare County Line 

North:    Northern boundary of Lower Tule Irrigation District and Porterville Irrigation District 

South:   Southern boundary of Pixley Irrigation District, Saucelito Irrigation District, and Terra Bella 
Irrigation District 

The DCTRA Board adopted a Groundwater Management Program to collectively monitor, manage, and 
implement groundwater activities for the members of the DCTRA. The original DCTRA Groundwater Man-
agement Plan was adopted on March 24, 1995 per requirements outlined in Assembly Bill 3030 and up-
dated in July 2006 to meet the requirements of Senate Bill 1938. Every 5 years, the Plan is updated. The 
most recent update of the Plan was adopted by the DCTRA board in May 2012. This Annual Report sum-
marizes basin conditions as of water and calendar year 2018. 

1.2 BASIN PARTICIPANTS 

The DCTRA is a Joint Powers Authority comprised of eight district members. Attachment A: DCTRA Mem-
ber Agencies Map identifies the location of the DCTRA members within the basin. Stone Corral Irrigation 
District is the only member agency located outside the basin. The eight members within the basin covered 
by the Groundwater Management Plan are listed in TABLE 1-1: DCTRA PARTICIPANT MEMBERS.  
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TABLE 1-1: DCTRA PARTICIPANT MEMBERS 

DCTRA Participant Member Total Area (acres) 
Lower Tule River Irrigation District 102,625 
Pixley Irrigation District 68,559 
Porterville Irrigation District 16,997 
Terra Bella Irrigation District 15,091 
Saucelito Irrigation District 19,703 
Tea Pot Dome Water District 3,571 
Vandalia Water District 1,379 

DCTRA Participant Members Total Area: 227,925 
Public Agencies (CSD, PUD, Cities): 13,352 
Remaining Lands within DCTRA Plan Boundary: 47,436 

Total DCTRA Plan Boundary Area: 288,713 

1.3 DCTRA STAKEHOLDERS 

As part of the Groundwater Management Plan, the stakeholders are defined as any individual, group, or 
entity within the DCTRA Plan area that may be affected by the implementation of the Plan.  TABLE 1-2: 
DCTRA STAKEHOLDERS identifies the stakeholders within the DCTRA Basin.  Continued efforts to in-
volve additional stakeholders with the Groundwater Management activities is underway and a part of the 
DCTRA efforts on an annual basis. 

TABLE 1-2: DCTRA STAKEHOLDERS 

Stakeholder Interest Stakeholder Interest 

Lower Tule River Irrigation District District Landowners Pixley Community Services Dis-
trict Domestic Water Use/Supply 

Pixley Irrigation District District Landowners Pixley Wildlife Refuge Wildlife 

Porterville Irrigation District District Landowners Bureau of Reclamation Surface Water Supplies 

Saucelito Irrigation District District Landowners Friant Water Authority Surface Water Supplies 

Stone Corral Irrigation District District Landowners (Note – Not 
in Basin) 

National Resources Conservation 
Service Natural Resources 

Vandalia Water Company District Landowners Audubon Society Wildlife/Monitoring 

Tea Pot Dome Water District District Landowners Tulare County Land Use/Planning 

Terra Bella Irrigation District District Landowners, Domestic 
Water Use/Supply Woodville Public Utility District Domestic Water Use/Supply 

Tipton Community Services District Domestic Water Use/Supply Teviston Community Services 
District Domestic Water Use/Supply 

Poplar Community Services District Domestic Water Use/Supply City of Porterville Domestic Water Use/Supply 

1.4 BASIN MANAGEMENT OBJECTIVES 

To guide the implementation of the Groundwater Management Plan, the DCTRA member agencies have 
developed five (5) Basin Management Objectives (BMO).  These BMO’s are the Plan key components to 
help maintain a more reliable groundwater supply for long-term beneficial uses within the Basin. The five 
BMOs are listed as follows: 
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1. Promote and realize groundwater resource protection; 
2. Facilitate groundwater resource sustainability; 
3. Develop groundwater resource understanding; 
4. Develop groundwater basin understanding; and 
5. Promote and facilitate information dissemination regarding the groundwater resource. 

The 2012 Groundwater Management Plan Update identified strategies for implementation of each BMO 
within the Basin, summarized in Appendix A:  Basin Management Objectives Summary.  A summary of 
the 2018 implementation of the BMO’s is detailed in Section 5:  Basin Management Objectives 2018 
Implementation within this Report, page 5-1. 

1.5 ELEMENTS OF THE ANNUAL REPORT 

The purpose of the Annual Report (Report) is to provide an assessment of the activities and efforts com-
pleted during water year 2018 to meet the BMO’s.  The continued efforts of this Report are to document 
the existing groundwater management activities of the DCTRA and to formalize other actions that will be 
used in implementation of a monitoring and management program of groundwater for conjunctive use, 
replenishment and preservation of the quantity and quality of groundwater within the Basin for long term 
beneficial uses consistent with the BMO’s.   

This Report summarizes the monitoring data and water conditions, for the water year 2018, organized as 
follows: 

• Section 2:  2018 Water Conditions – Provides a summary of the total water supplies available 
during water year 2018, including precipitation and surface water supplies from the Tule River, 
Deer Creek, and Friant- Kern Canal.  

• Section 3:  2018 DCTRA Basin Monitoring – Provides a summary of the monitoring completed 
during water year 2018 which includes the depth to groundwater from existing wells within the 
DCTRA Boundary for the Spring and Fall, and readily available water quality data from both surface 
water and groundwater supplies. 

• Section 4: Historical Summary – Provides a historical summary of the collected and compiled 
monitoring data for 2018 to identify trends in groundwater depth, groundwater quality, surface water 
supply, and surface water quality.
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SECTION 2- 2018 WATER CONDITIONS 

2.1 GENERAL 

The DCTRA Basin has three separate sources of water replenishment which include natural precipitation 
within the Basin, natural snow melt run-off from the Sierra Nevada Mountains, and imported surface water 
from the Central Valley Project (CVP), through the Friant-Kern Canal.  The quantity of water supplied by 
these sources is summarized below: 

2.2 BASIN PRECIPITATION 
The climate of the region is semi-arid with mild winters and hot, dry summers. The long-term average annual 
rainfall within the basin is approximately 8.43 inches. The average 2018 water year rainfall was 6.64 inches 
and 78% of the long-term annual average.  The eastern edge of the Basin along the foothill’s experiences 
higher amounts of rainfall, while the western edge of the Basin is typically more arid and dry. Precipitation 
usually occurs from November to May.  Snow typically melts during the months of April through July. From 
June through October, the area generally experiences dry summers when very little precipitation occurs. 

A summary of the monthly precipitation within the Basin, as recorded by the California Irrigation Manage-
ment Information System (CIMIS), and the Department of Water Resources (DWR) stations, are shown in 
TABLE 2-1: 2018 DCTRA BASIN PRECIPITATION.   

TABLE 2-1: 2018 DCTRA BASIN PRECIPITATION 

   

Station Name 
Success Reser-

voir  
(DWR SCC) 

Porterville 
(CIMIS 169) 

Alpaugh  
(CIMIS 203) 

Delano 
(CIMIS 182) 

Visalia            
(DWR VSL) 

Average Monthly 
Precipitation 

Location within Tule 
Subbasin Eastern Edge East-Central South Western 

Edge 
Southern Bound-

ary 
Northern Bound-

ary -  

2018 Average Monthly Precipitation (inches): 
October 0.17 0.03 -- 0.00 0.10 0.08 
November 0.36 0.14 -- 0.05 0.20 0.19 
December 0.06 0.07 -- 0.17 0.08 0.10 
January -- 0.89 -- 0.86 0.88 0.88 
February 0.62 0.17 -- 0.20 0.67 0.42 
March 5.12 2.85 -- 1.88 3.42 3.32 
April 1.41 0.15 -- 0.33 0.82 0.68 
May 0.65 0.02 -- 0.00 0.00 0.17 
June 0.88 0.00 -- 0.69 0.00 0.39 
July 0.44 0.00 -- 0.61 0.00 0.26 
August 0.23 0.00 -- 0.14 0.00 0.09 
September 0.33 0.00 -- 0.00 0.00 0.08 

2018 Totals  10.27 4.32 0.00 4.93 6.17 6.64 
Long Term Data Range 1961 - 2018 1905 - 2018 2006 - 2018 2002 - 2018 1905 - 2018 Average 
Long Term Ann. Avg.  11.42 10.11 4.09 6.65 9.87 8.43 
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2.3 SURFACE WATER SUPPLY 
The DCTRA member Districts have two sources of surface water supply: (1) local surface water supplied 
by run-off from the Tule River and Deer Creek; and (2) imported surface water from the Central Valley 
Project (CVP) obtained through long-term contracts with the United States Bureau of Reclamation (Bureau).  
Table 2-2:  DCTRA 2018 SURFACE WATER SUPPLY SUMMARY provides a tabulation of the 2018 sur-
face water supply by month from each water supply source. 

TABLE 2-2:  DCTRA 2018 SURFACE WATER SUPPLY SUMMARY 

Water Supply Tule River run-off at Success Reservoir 
(Acre-ft) 

Deer Creek run-off near Fountain Springs 
(Acre-ft) 

CVP Supply Diverted from FKC* 
 (Acre-ft) 

October 2,230 437 32,500 
November 3,390 623 2,858 
December 3,050 675 1,908 
January 4,300 716 1,974 
February 2,880 664 2,091 
March 20,600 2,415 146 
April 16,050 1,651 34,687 
May 5,770 1,024 22,076 
June 1,370 434 8,413 
July 1,790 91 53,347 
August 140 1 42,144 
September 260 11 7,219 

2018 Total 61,830 8,842 209,363 
2018 Total Surface Water Supply to within DCTRA 280,035 

* Excludes Stone Corral Irrigation District Water Deliveries 

The following provides detailed information for the 2018 water year surface water supply, summarized 
above. 

2.3.1 Tule River 2018 Surface Water Run-off 

The Tule River is a natural water course of the Basin with water flows that are generated from precipitation 
and snow melt from the Tule River watershed in the Sierra Nevada Mountains.  Surface water flow of the 
Tule River into the Basin is controlled by Success Dam and Reservoir.  Success Dam and Reservoir are 
owned and operated by the United States Army Corps of Engineers (COE).  During the flood season (No-
vember – April), the storage in the reservoir is controlled by the Flood Control Diagram of the COE, which 
requires flood releases if the storage exceeds a certain level in the Reservoir.  Outside the flood controlled 
season, the Tule River flow may be stored or released to satisfy the demands of the water rights holders 
downstream of Success Reservoir that are members of the Tule River Association (Pioneer Water Com-
pany, Lower Tule River Irrigation District, Porterville Irrigation District, Vandalia Water District, and Down-
stream Kaweah and Tule River Association).   

FIGURE 2-1:  TULE RIVER MONTHLY RUN-OFF FOR 2013 - 2018 & LONG-TERM AVERAGE sets forth 
the monthly Tule River surface water runoff at Success Reservoir for calendar year 2013-2018 along with 
the 115-year long term average as obtained from the Tule River Association Annual Reports.  During water 
year of 2018, the Tule River runoff at Success Reservoir was 61,830 acre-feet or 45% of normal, as com-
pared to the 115-year long term average annual Tule River inflow of 138,515 acre- feet. 
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FIGURE 2-1:  TULE RIVER MONTHLY RUN-OFF FOR 2013 - 2018 & LONG-TERM AVERAGE 

 Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept. Total 
2013 690 140 6,290 6,290 5,540 5,740 4,400 1,970 120 30 280 120 31,610 
2014 150 770 1,100 1,140 2,080 3,230 3,920 2,060 100 20 20 60 14,650 
2015 80 420 2,020 1,380 2,680 1,810 950 460 10 30 20 40 9,900 
2016 130 1,160 6,760 16,340 15,750 17,390 11,340 8,050 2,450 1,120 670 170 81,330 
2017 390 900 8,120 88,210 106,690 52,440 43,960 33,870 16,680 5,080 4,390 2,860 363,590 
2018 2,230 3,390 3,050 4,300 2,880 20,600 16,050 5,770 1,370 1,790 140 260 61,830 

115 Yr. Avg 1,440 3,757 9,4275 16,354 18,702 24,678 24,669 22,230 11,553 3,645 1,344 888 138,515 
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2.3.2 Deer Creek 2018 Surface Water Run-off 

Deer Creek is an uncontrolled stream, wherein the run-off is seasonal based upon precipitation and snow 
melt from the Sierra Nevada Mountains, without a dam to control the flow.  Temporary embankments and 
diversions to recharge basins along Deer Creek help to manage the seasonal flow.  Typically, the timing of 
the seasonal flows does not correspond with the downstream irrigation water demands.  Efforts to control 
Deer Creek run-off for groundwater recharge has been underway as part of the implementation of this Plan. 

Deer Creek surface water run-off during the calendar years of 2013 – 2018 as compared to the historical 
average for the period of 1920 to 2018 is provided in FIGURE 2-2:  DEER CREEK MONTHLY WATER 
RUN-OFF FOR 2013 – 2018 & LONG-TERM AVERAGE.  Data for Deer Creek was gathered from Gauging 
Station USGS 11200800 DEER CREEK NR FOUNTAIN SPRINGS CA.  

The 2018 water year average monthly run-off of Deer Creek at Fountain Springs totaled 8,842 acre-feet, or 
40% of the long-term average annual Deer Creek flow of 21,897 acre-feet. 

FIGURE 2-2:  DEER CREEK MONTHLY WATER RUN-OFF FOR 2013 – 2018 & LONG-TERM AVERAGE 

 
 Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept. Total 

2013 150 286 930 932 863 829 506 237 36 0 0 0 4,769 
2014 85 252 400 326 461 522 614 282 15 0 0 0 2,957 
2015 0 200 510 358 355 249 144 144 28 0 0 0 1,988 
2016 42 352 1,668 3,267 2,901 3,154 1,636 1,035 428 76 0 0 14,559 
2017 98 278 1,263 13,455 16,134 7,639 6,198 2,593 1,620 924 532 412 51,146 
2018 437 623 675 816 664 2,415 1,651 1,024 434 91 1 11 8,842 

99 Yr. Avg 281 794 1,457 2,773 3,366 4,728 3,919 2,542 1,241 465 188 144 21,897 
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2.3.3 Friant-Kern Canal (CVP Water) 2018 Surface Water Supply 

The CVP water originates from the Friant Division, and the Cross-Valley Canal Project of the Central Valley 
Project under long-term contracts with the Bureau of Reclamation.  Additional CVP water may be available 
to the member agencies in addition to the contracted amounts on a year to year basis through transfers 
from other contractors and the purchase of Section 215 surplus water depending upon the hydrologic con-
ditions of the San Joaquin River and tributaries above Millerton Reservoir.   

The CVP monthly surface water delivered to entities, from the Friant-Kern Canal, within the DCTRA Basin 
(excludes Stone Corral Irrigation District) for the year of 2013-2018 compared to the historical long term 
average is represented in FIGURE 2-3:  FRIANT KERN CANAL MONTHLY SURFACE WATER SUPPLY 
FOR 2013 - 2018 & 35 YEAR AVERAGE.  During the 2018 water year the Friant Kern Canal CVP water 
delivered into the DCTRA Basin was 209,363 acre-feet, or 91% of the long-term 35-year average annual 
CVP Water deliveries of 230,898 acre-feet. 

FIGURE 2-3:  FRIANT KERN CANAL MONTHLY SURFACE WATER SUPPLY FOR 2013 - 2018 & 35 YEAR 
AVERAGE 

 Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept. Total 
2013 5,184 1,679 33 0 0 1,313 2,793 4,643 7,418 18,731 45,024 5,861 92,679 
2014 4,018 1,793 1,681 1,869 335 36 128 1,082 1,443 2,373 2,679 2,307 19,744 
2015 1,575 404 211 205 238 689 861 1,155 2,023 2,318 2,229 1,981 13,889 
2016 1,070 229 66 90 74 15,545 22,804 6,105 10,813 42,253 28,047 9,193 136,289 
2017 5,355 825 0 3,966 7,594 33,446 60,510 80,342 98,492 99,374 50,661 18,280 458,845 
2018 32,500 2,858 1,908 1,974 2,091 146 34,687 22,076 8,413 53,347 42,144 7,219 209,363 

35 Yr. Avg 9,479 3,883 1,843 1,659 9,435 11,694 15,094 28,776 41,867 50,470 41,953 24,998 230,898 
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2.4 SUMMARY 

Combining the 2018 water year Tule River runoff at Success Reservoir, Deer Creek run-off at Fountain 
Springs, and CVP imported surface water, the DCTRA Basin received a total of 280,035 acre-feet of surface 
water, or 72% of the long-term average of 391,476 acre-feet.  The 2018 water year DCTRA Basin average 
precipitation was 6.64 inches, or 78% of the historical average of 8.43 inches of rainfall. 
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SECTION 3- 2018 DCTRA BASIN SURFACE AND GROUNDWATER 
MONITORING 

3.1 GENERAL 

The DCTRA members monitor the surface water and groundwater quality within the Basin, principally in 
conjunction with other Agency requirements.  Following are the Basin monitoring activities documented 
within this Plan during the 2018 calendar year: 

- Surface water quality data from the natural waterways within the Basin required by the Regional 
Water Quality Control Board under the Irrigated Lands Regulatory Program for sampling on a 
monthly basis when there is flow in the channel. 

- Static groundwater levels from data collected annually by all agencies as obtained from existing 
wells during the spring and fall, in addition to static groundwater levels from the Irrigated Lands 
Regulatory Program. 

- Static groundwater levels from data collected through the Department of Water Resources Califor-
nia Statewide Groundwater Elevation Monitoring (CASGEM) 

- Groundwater quality data from the annual Consumer Confidence reports prepared by the commu-
nities within the Basin that sample groundwater quality, in addition to groundwater quality data from 
the Irrigated Lands Regulatory Program. 

- Static groundwater depth from monitoring wells installed by the DCTRA at their recharge basin to 
determine the effects of the groundwater recharge basin operations. 

3.2 SURFACE WATER QUALITY MANAGEMENT 

The monitoring of the surface water quality from within the DCTRA Basin is consistent with the requirements 
of Regional Water Quality Control Board Monitoring and Reporting Program (MRP) adopted in September 
2013 (Board Order No. R5-2013-0120), as part of the Irrigated Lands Regulatory Program. 

Six locations were designated for the sampling of surface water on a monthly basis, when water is flowing 
in the channel, at the locations identified in FIGURE 3-1:  TULE RIVER AND DEER CREEK SURFACE 
WATER QUALITY MONITORING SITE LOCATIONS. The surface water quality data for these six-sam-
pling location can be shown in Appendix B. 
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FIGURE 3-1:  TULE RIVER AND DEER CREEK SURFACE WATER QUALITY MONITORING SITE LOCA-
TIONS 

 

During each month, if water is present, a sample is collected at each monitoring site and tested for the 
following components:  

1. Physical Parameters 
2. Pathogen Indicators 
3. Pesticides 
4. Water Toxicity 
5. Sediment Toxicity (twice annually) 

During 2018, water quality data was collected and analyzed by the Tule Basin Water Quality Coalition and 
submitted to the Regional Water Quality Control Board.  

3.1 2018 GROUNDWATER MEASUREMENTS 

The member districts of the DCTRA and Tule River Association measure the depth to static groundwater 
from approximately166 wells. The location of the wells measured are shown in Attachment C:  Well Lo-
cation Map.  Depth to static groundwater measurements are taken twice a year, once in the spring (Feb-
ruary) and again in the fall (October).  Depth to groundwater contour maps for both the 2018 spring and fall 
measurements have been prepared and are included as Attachment D and Attachment F.  Groundwater 
elevation contour maps for both the 2018 Spring and Fall measurements have been prepared and are 
included as Attachment E and Attachment G.  

Average depths to groundwater from the 2018 measurements are represented in TABLE 3-1:  2018 AV-
ERAGE DEPTH AND ELEVATION OF GROUNDWATER.  In 2018, from the spring to fall sampling events 
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the average depth to groundwater decrease by one and two hundredths feet (1.02), as computed from the 
arithmetical average of all well measurements within the member boundary. 

TABLE 3-1:  2018 AVERAGE DEPTH AND ELEVATION OF GROUNDWATER 

The direction of groundwater flow typically follows the direction of the ground surface gradient, from the 
East to the West.  The direction of groundwater flow as determined from the spring of 2018 and the fall of 
2018 groundwater measurements were primarily east to west. 

3.2 DCTRA BASIN COMMUNITY LOCATIONS & WATER QUALITY RESULTS 

The City of Porterville, along with the unincorporated communities of Pixley, Poplar, Terra Bella, Tipton, 
and Woodville within the DCTRA District boundary are identified in FIGURE 3-2:  DCTRA BASIN COM-
MUNITY LOCATIONS. 

FIGURE 3-2:  DCTRA BASIN COMMUNITY LOCATIONS 

The public entities serving these communities, along with the City of Porterville, have completed 2018 Con-
sumer Confidence Annual Drinking Water Quality Reports (see Appendix C).  Utilizing these reports, the 
DCTRA was able to provide information related to water quality data within DCTRA Basin Boundary for 

DCTRA Member # of Wells 
Measured 

Spring Avg Elev. 
(ft amsl) 

Fall Avg Elev. 
(ft bgs)* 

Spring Avg Depth 
 (ft bgs) 

Fall Avg Depth 
(ft bgs) 

Change in Depth 
(ft bgs) 

LTRID 53 147.27 158.04 147.62 136.39 11.22 
Pixley ID 28 46.56 46.59 201.40 193.70 7.70 
PID 20 313.12 313.39 85.68 87.12 -1.44 
Saucelito ID 25 165.86 156.87 201.08 208.91 -7.83 
TPDWD 1 328.89 N/A 150 N/A N/A 
TRA 24 378.49 364.37 97.55 111.67 -14.12 
Vandalia ID 16 410.39 398.83 97.25 108.81 -11.56 
DCTRA Basin Avg. 166 Total 255.80 239.68 140.08 141.10 1.02 
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2017.  Information, determined pertinent to groundwater quality for 2018, is displayed below in TABLE 3-2:  
2018 CONSUMER CONFIDENCE REPORT SUMMARY. 

TABLE 3-2:  2018 CONSUMER CONFIDENCE REPORT SUMMARY 

 TBID Pixley PUD Tipton CSD Poplar CSD Woodville PUD City of Porter-
ville 

Nitrate as N (ppm) 
MCL 10 ppm 
PHG 10 

Sample Date 2017 2018 2017 2017 2017 2018 
Avg. Level Detected 0.5 2.9 8.6 6 8.27 3 

Range ND - 1.4 0.8 - 4.6 5.3 - 12 3.5 - 7.7 5.1 - 10.3 0 - 8.1 
Likely Source of Contamination Runoff and leaching from fertilizer use; leaching from septic tanks and sewage, erosion of natural deposits 

Arsenic (ppb) 
MCL 10 ppb 
PHG 0.004 

Sample Date 2017 2018 2017 2017 2017 2017 
Level Detected N/A 14.50 7.1 N/A 2.3 0.22 

Range N/A 6.0 – 23.0 3 - 9.7 N/A ND - 2.3 0 - 0.29 
Likely Source of Contamination Erosion of natural deposits; residue from orchards; glass and electronics production waste 

TDS (ppm) 
MCL 1000 ppm 

Sample Date 2017 N/A 2017 N/A 2017 2017 
Level Detected 43.3 N/A 84 N/A 260 224.24 

Range 20 - 220 N/A 68 - 100 N/A 200 - 320 140 - 347 
Likely Source of Contamination Runoff/leaching from natural deposits 

3.3 DEER CREEK RECHARGE BASINS AND MONITORING WELLS 

Within the DCTRA Basin, there are 28 groundwater recharge basins covering a total area of approximately 
2,100 acres.  Some of these recharge basins have been set aside as part of groundwater banking projects.  
In addition to the recharge basins, there are approximately 60 miles of unlined natural Tule River channels, 
40 miles of unlined natural Deer Creek channel, 16 miles of unlined natural Porter Slough channel, and 
several hundred miles of unlined district owned canals that provide groundwater recharge when water is 
delivered to landowners through the channels.  The location of the recharge basins, unlined channels, and 
the four designated Monitoring Wells within the DCTRA Boundary are shown in Attachment C:  Well Lo-
cation Map.    

In 2008 the DCTRA installed four monitoring wells at one of the recharge basins; MW-2A, MW-2B, MW-4 
and MW-5. The monitoring wells are used to better understand the results of the DCTRAs recharge efforts 
to improve the level of groundwater within the DCTRA basin.  FIGURE 3-3:  2018 MONITORING WELL 
GROUNDWATER ELEVATIONS is a graphical representation of the 2016 Monitoring Well Elevations.   
During the 2017 and 2018 calendar year, measurements were not collected due to issues with meters. 
Replacement meters will be installed.  
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FIGURE 3-3:  2018 MONITORING WELL GROUNDWATER ELEVATIONS 
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SECTION 4- HISTORICAL SUMMARY 

4.1 GENERAL  

To better understand the DCTRA Basin and to help prioritize the BMO’s, historical data has been compared 
to the 2018 data to determine the trends in water supply, groundwater recharge, and water quality.  Follow-
ing is a summary of the historical surface and groundwater data available. 

4.2 HISTORICAL ANNUAL SURFACE WATER RUN-OFF AND SUPPLY 

The water year surface water run-off was compiled from 1904 through 2018 for the Tule River at Success 
Reservoir (FIGURE 4-1:  TULE RIVER RUN-OFF AT SUCCESS RESERVOIR), from 1920 through 2018 
for the Deer Creek at Fountain Springs (FIGURE 4-2:  DEER CREEK RUN-OFF AT FOUNTAIN 
SPRINGS), and from 1982 through 2018 for Friant-Kern Canal CVP deliveries (FIGURE 4-3:  FRIANT 
KERN CANAL CVP WATER DELIVERIES TO DCTRA MEMBERS). The data from these three water 
sources, between years 1982 through 2018, has been aggregated and is set forth in FIGURE 4-1:  TULE 
RIVER RUN-OFF AT SUCCESS RESERVOIR. The average annual surface water delivered to DCTRA 
Basin (excluding Stone Corral Irrigation District) since 1982 is approximately 393,639 acre-feet. 

FIGURE 4-1:  TULE RIVER RUN-OFF AT SUCCESS RESERVOIR 
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FIGURE 4-2:  DEER CREEK RUN-OFF AT FOUNTAIN SPRINGS 

FIGURE 4-3:  FRIANT KERN CANAL CVP WATER DELIVERIES TO DCTRA MEMBERS 
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FIGURE 4-4:  DCTRA BASIN SURFACE WATER SUPPLY 

*Data for the FKC is only available from February 1987 to present due to the Friant-Water Authority not taking over operations until
October 1986. 

4.3 HISTORICAL DATA OF SURFACE WATER QUALITY 

The annual surface water quality data below has been averaged for each year from 2009 through 2018 for 
both the Tule River and Deer Creek.  The historical average surface water quality for each constituent of 
each sampling station on Tule River and Deer Creek is summarized in Appendix B: Tule River and Deer 
Creek Surface Water Quality – 2009 Through 2018. 

4.4 HISTORICAL DEPTH TO GROUNDWATER DATA 

In addition to wells measured by the DCTRA members and the Tule River Association, additional ground-
water data was collected from readily available sources such as Tulare County and the Department of 
Water Resources CASGEM and GAMA programs. Although this data does not have the consistency and 
standardization of the wells measured by the DCTRA member districts, this data was used for development 
of the arithmetical average of depth to groundwater, as identified in TABLE 4-1:  AVERAGE SPRING 
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from the wells measured, the depth to groundwater over the past 68 years has decreased 28.9 feet. The 
average depth to groundwater for the past 18 years has decreased approximately 14.9 feet. The reason 
for the increase is due to land being developed that historically was fallow, double and triple cropping, and 
a decrease in imported water due to environmental restrictions, resulting in an increased pumping of 
groundwater. Additionally, the number of wells being monitored has increased in recent years providing 
more data points and a more accurate representation of groundwater conditions. 
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TABLE 4-1:  AVERAGE SPRING DEPTH TO GROUNDWATER FOR DCTRA MEMBERS 

DCTRA Member 
Average Depth to Groundwater (ft bgs) 

1950 1960 1970 1980 1990 2000 2010 2018 1950 - 2018 
Change 

Lower Tule River Irrigation District 91.8 86.2 68.2 75.0 84.8 80.9 126.2 135.5 (43.7) 
Pixley Irrigation District 99.5 128.5 131.2 136.7 130.1 140.8 171.4 195.9 (96.4) 

Porterville Irrigation District 58.8 39.7 20.6 27.9 37.8 32.9 68.2 83.7 (24.9) 
Saucelito Irrigation District 157.6 150.6 139.6 137.8 126.7 109.4 147.4 201.1 (43.48) 

Tea Pot Dome Water District 131.0 125.8 116.7 116.2 137.3 110.0 NA 150.0 (19.0) 
Tule River Association NA NA NA NA NA 59.8 88.5 88.3 NA 

Vandalia Water District 116.1 125.2 123.1 126.4 119.3 99.3 136.1 110.9 5.2 
DCTRA Basin Average: 109.0 109.5 116.4 103.6 107.4 92.7 123.0 137.9 (28.9) 

A graphical representation from historical data for each DCTRA Member for groundwater elevations from 
1960 through 2018 is presented in   FIGURE 4-5:  DCTRA MEMBER AVERAGE ANNUAL SPRING 
GROUNDWATER ELEVATIONS.  The average for the DCTRA Basin is the mathematical average of data 
from member entities. 

FIGURE 4-5:  DCTRA MEMBER AVERAGE ANNUAL SPRING GROUNDWATER ELEVATIONS 
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4.5 HISTORICAL SUMMARY OF GROUNDWATER QUALITY 

Water quality data from the Tule Basin Water Quality Coalition Groundwater Assessment Report (GAR) 
were used to assess groundwater quality within the DCTRA boundary. The data was compiled from the 
Department of Water Resources (DWR) Groundwater Ambient Monitoring (GAMA) datasets available for 
Tulare County and Kern County and were filtered for constituents listed on Table 5 of the Waste Discharge 
General Order for growers within the Tulare Lake Basin covered under the Irrigated lands Regulatory Pro-
gram. A statistical summary of the chemicals of concern updated with 2018 sampling results are listed in 
TABLE 4-2:  WATER QUALITY CHEMICALS OF CONCERN. 

TABLE 4-2:  WATER QUALITY CHEMICALS OF CONCERN 

Constituent Trigger 
Limit # of Wells # of Sam-

ples 
Range of Sample 

Dates 
Max 

Value 
Min. 

Value Avg. Units # of Samples Over 
Trigger Limit 

Boron (B) 1 164 331 1951-2014 2.1 0 0.086 mg/L 1 
Copper (Cu) 1 158 361 1980-2014 0.9 0 0.02 mg/L 0 

Dissolved Oxygen (DO) 7 4 7 2005-2011 4.6 1.18 3.34 mg/L 0 
Electrical Conductivity (EC) 900-1600 23 23 1986-2012 18,000 2030 4618 µmhos/cm 23 

Lead (Pb) 15 174 452 1980-2014 65 0 2.33 ug/L 15 
Molybdenum (Mo) NA 24 33 1986-2012 160 0 6.2 ug/L NA 

Nitrate as N 10 952 952 1951-2014 619.75 0 32.05 mg/L 66 
Simazine 4 293 780 1984-2014 10.1 0 0.36 ug/L 1 

Selenium (Se) 50 182 748 1980-2014 30 0 1.44 ug/L 0 
Total Dissolved Solids (TDS) 500-1,000 254 990 1951-2014 1670 0 238.61 mg/L 5 

Zinc (Zn) 5 182 729 1980-2014 0.71 0 0.03 mg/L 0 

This data is plotted on Attachment H. Nitrate Concentrations and Attachment I - K: Chemicals of Con-
cern. 

4.6 HISTORICAL DEER CREEK RECHARGE BASIN MONITORING WELLS 

Within the DCTRA Basin, a recharge basin has been utilized collectively by the DCTRA members for 
groundwater replenishment. Downstream of this recharge basin are (4) monitoring wells which were in-
stalled in 2008 to better understand the effect of groundwater replenishment of the recharge basin. The 
historical groundwater elevation data for each monitoring well is summarized in FIGURE 4-6:  DCTRA 
HISTORICAL MONITORING WELLS GROUNDWATER ELEVATIONS. The overall trend indicates a sta-
ble and consistent depth to groundwater, except for the increased elevations from recharge during the year 
2011. Due to meter issues in the field, there is no data available for 2017 and 2018. 
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FIGURE 4-6:  DCTRA HISTORICAL MONITORING GROUNDWATER ELEVATIONS 
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SECTION 5– BASIN MANAGEMENT OBJECTIVE 2018 
IMPLEMENTATION 

The goal of the Groundwater Management Plan within the DCTRA is to implement the Basin Management 
Objectives (BMO), defined in the 2012 Groundwater Management Plan Update.  These BMO’s are the Plan 
key components to help provide a more reliable groundwater supply for long-term beneficial uses within the 
Basin.  The BMO’s are listed as follows: 

1. Promote and realize groundwater resource protection; 
2. Facilitate groundwater resource sustainability; 
3. Develop groundwater resource understanding; 
4. Develop groundwater basin understanding; and 
5. Promote and facilitate information dissemination regarding the groundwater resource. 

A matrix summarizing the BMO’s is included under Appendix A.  Following is a summary of the 2018 
DCTRA activities in relation to the objectives of the Groundwater Management Plan. 

5.1 GROUNDWATER RESOURCE PROTECTION 

The principal focus of the groundwater resource protection BMO is to identify strategies to protect ground-
water quality.  The beneficial uses of groundwater within the Basin are primarily for agriculture and domestic 
uses, both of which require a certain level of groundwater quality to continue as a viable resource.  The 
2017 implementation of each groundwater resource protection objective is summarized below. 

5.1.1 Wellhead / Recharge Area Protection 

During 2018, the DCTRA members promoted the protection of the wellheads and recharge basins within 
the DCTRA Basin, focusing on identifying existing wellhead protection regulations of the County and the 
Regional Water Quality Control Board.  Certain dairies within the DCTRA Basin have implemented backflow 
prevention measures on existing wells as part of the RWQCB requirements.  Outreach was conducted 
through the Irrigated Lands Regulatory Program to farmers through the Farm Evaluation Surveys and Ni-
trogen Management Plans which include management practices to protect wells and water quality.  Per the 
Tulare County Well Ordinance, public water systems require a 100-foot control zone around the well site 
and required setbacks from septic systems, waste discharge areas, property lines, and public right of ways.   

5.1.2 Migration of Contaminated Groundwater  

In 2018, the DCTRA collected and compiled available information pertaining to contaminated groundwater 
within the Basin from the different communities through the Consumer Confidence Reports.  The data will 
be included in a database for determination of trends and problem areas that need to be addressed, as 
discussed in Section 3.4. 

5.1.3 Well Abandonment and Destruction Policies 

During 2018, Tulare County issued 618 well destruction permits, it is unknown how many of these land-
owners are within the DCTRA Basin.  The Tulare County Well Ordinance states an abandoned well is, “A 
well whose use has been permanently discontinued for a period of one year or which is in such a state of 
disrepair that no water can be produced.”  Pea gravel is the only recommended inorganic fill material for 
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backfill of the lower portion of the well below 20 feet and at least 5 sack cement grout is required in the 
upper 20 feet within the well casing.      

5.1.4 Well Construction Policies  

During 2018, the DCTRA received statistical well construction data from the Tulare County Health and 
Human Services Department.  Irrigation wells, rural domestic wells, and well destructions are the primary 
activities conducted in Tulare County from 2005 through 2018.  The total number of water wells and type 
are summarized below in FIGURE 5-1: WELL PERMITS ISSUED IN TULARE COUNTY (2018).  

FIGURE 5-1: WELL PERMITS ISSUED IN TULARE COUNTY (2018) 

 
*Well permits marked as “Other” may include: Deepening or Reconditioning of an existing well. Monitoring 
wells, soil borings, test wells, exploratory wells, or cathodic protection wells 

The number of well permits issued have significantly increased since 2013.  The increase in destruction 
well permits is due to Self-Help Enterprises’ East Porterville Water Project. The number of permits issued 
by year since 2005 is summarized below in FIGURE 5-2: WELL PERMITS ISSUED BY YEAR IN TULARE 
COUNTY (2005 TO 2018). 
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FIGURE 5-2: WELL PERMITS ISSUED BY YEAR IN TULARE COUNTY (2005 TO 2018) 

The total number of each type of well drilled since 2005 is summarized below in FIGURE 5-3:TYPE OF 
WELL PERMITS ISSUED IN TULARE COUNTY (2005 – 2018).  

FIGURE 5-3:TYPE OF WELL PERMITS ISSUED IN TULARE COUNTY (2005 – 2018) 
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5.1.5 Groundwater Resource Sustainability 

The principal purpose of the groundwater resource sustainability BMO is to identify strategies for maintain-
ing adequate groundwater within the Basin to satisfy beneficial uses.   

The 2018 implementation of each groundwater resource sustainability objective is summarized below. 

5.1.6 Overdraft Mitigation 

During 2018, depth to groundwater data was collected during the spring and fall, as reported in Section 
3.3.  Comparing this data to the historical data identified the overdraft conditions.  The historical change in 
depth to groundwater was identified for each DCTRA member to help identify the severity of overdraft. 

5.1.7 Groundwater Recharge Management 

During 2018, the DCTRA maintained the network of groundwater recharge facilities, maintained the surface 
water delivery network within the DCTRA Basin, and pursued additional surface water supplies that were 
available, specifically for groundwater recharge.  Because of the wet hydrologic conditions during 2018, 
recharge occurred within the channels of the Tule River and Deer Creek. Water was delivered to recharge 
basins during 2018. 

5.1.8 Groundwater Extraction Management 

The DCTRA members have strategized during years when surface water is available to provide economi-
cally priced surface water to the landowners to encourage the use of surface water rather than pumping 
groundwater or to leave land fallow due to the dry hydrologic conditions.  As 2018 was an above average 
surface water year, supply was available for landowners to supplement and/or take place of groundwater 
pumping. 

5.1.9 Conjunctive Use Policies 

During 2018, water transfers and exchanges took place between the DCTRA members through coordinated 
use of available water supplies.  The purpose of the transfers and exchanges were to maximize the bene-
ficial uses of the surface water within the DCTRA Basin. 

5.1.10 Operation of Facilities 

The DCTRA members implemented Plan activities in 2018 to encourage the use of unlined channels, main-
tain recharge basins, and upgrade and expand surface water conveyance facilities.  Pixley Irrigation District 
continued construction of a new unlined canal system within their district which includes approximately 9 
miles of new earthen canal and a 5-acre recharge basin.  

5.2 GROUNDWATER RESOURCE UNDERSTANDING 

The purpose of the Groundwater Resource Understanding BMO is to further develop knowledge about the 
groundwater of the Basin.  With more detailed information regarding the groundwater resource, improved 
characterization will lead to future groundwater management decisions.  The primary Plan element strategy 
that will achieve this BMO is groundwater monitoring. 

5.2.1 Groundwater Monitoring 

Monitoring of groundwater levels semiannually will provide history of the change in storage which will reveal 
the effectiveness of other strategies, such as groundwater recharge efforts.  Monitoring data developed 
over time will serve as the foundation for conclusions on groundwater reliability and management strategies’ 



Deer Creek and Tule River Authority                         Groundwater Management Plan: 2018 Annual Report 

 

5-5 

effectiveness.  The Groundwater Monitoring completed during 2018 is summarized in Section 3 of this 
Plan. 

5.3 GROUNDWATER BASIN UNDERSTANDING 

This BMO involves the collection of information in the Basin to facilitate evaluations regarding Basin fea-
tures and potential groundwater resource impacts. 

The 2018 implementation of each groundwater resource sustainability objective is summarized below.   

5.3.1 Land Subsidence Monitoring 

The California Department of Water Resources Groundwater Information Center Map Interface provides 
groundwater and land subsidence data throughout California.  The DWR land subsidence data links to 
UNAVCO, which is a non-profit university-governed consortium that facilitates geoscience research and 
education.  Station P056 is located within the DCTRA boundary near the City of Porterville Municipal Airport 
(ATTACHMENT L: SUBSIDENCE STATION P056).  Data from station P056 indicates land subsidence 
has been occurring since installation of the station in 2005.  FIGURE 5-4: LAND SUBSIDENCE NEAR 
PORTERVILLE, CALIFORNIA - STATION P056 identifies the land surface vertical change over time at 
station P056.  The management strategy requires the survey of a baseline elevation control network and 
then periodically conducting a resurvey of the control points for determination of the change in land eleva-
tion or subsidence.  Once the baseline elevation data has been established, the data may be used for 
determination of subsidence.  
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FIGURE 5-4: LAND SUBSIDENCE NEAR PORTERVILLE, CALIFORNIA - STATION P056 

The total vertical ground surface displacement, or land subsidence, from 2005 through 2018 is 26.78-inches 
or 2.2314-feet (TABLE 5-1: SUBSIDENCE AT STATION P056 - 2005 TO 2018).      
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During 2018, The United States Geological Survey refurbished an extensometer near the Friant-Kern Canal 
near Porterville. Data from the USGS station indicates land subsidence has been occurring since installa-
tion of the station in 2018.  FIGURE 5-5: LAND SUBSIDENCE FRIANT KERN CANAL – CALIFORNIA 
identifies the land surface vertical change over time at the station. 

FIGURE 5-5: LAND SUBSIDENCE FRIANT KERN CANAL – CALIFORNIA 
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From 2015 to 2017 NASA, under contract from the California Department of Water Resources, collected 
data from the European Space Agency (ESA) Sentinel – 1A satellite to analyze vertical ground displace-
ment in Bulletin 118 groundwater basins. Vertical ground displacement rates are derived from Interferomet-
ric Synthetic Aperture Radar (InSAR) data and are presented in Attachments M - NASA JPL InSAR Sub-
sidence Data. Map values displayed in the attachments are of vertical displacement in inches for the time 
period specified in the attachment.  During the analysis period, 2015 to 2017, a max value of 29.45 inches 
and a min of 1.5 inches was reported within DCTRA. 

5.3.2 Land Use Planning 

During 2018, the DCTRA members participated in local land use planning efforts and performed as a re-
sponsible agency for California Environmental Assessments for various projects that occurred in the 
DCTRA Basin.  As part of the review process of a project, any water concerns were identified, and com-
ments were provided to the applicant. 

5.3.3 Surface Water Management 

During 2018, the DCTRA implemented activities to maintain or increase quantities of imported surface wa-
ter, preserved existing surface water rights, promoted efficient water use through the use of water ex-
changes and transfers, investigated potential for water banking opportunities within the Basin area, devel-
oped additional water storage capacity within the Basin, and monitored existing surface water quality data 
developed by other agencies, as identified in Section 3. 

5.4 INFORMATION DISSEMINATION 

Groundwater resource and basin information were developed through the active implementation of the 
Plan.  The DCTRA members serve as the primary conduit for the dissemination of information regarding 
the Plan, the data developed, and the results. 

The 2018 implementation of information dissemination objective is summarized below.   

5.4.1 Groundwater Basin and Resource Information Management 

In 2018, the DCTRA members have implemented activities to better collect and organize the data, including 
established data management protocols, developed data collection and inventory standards, and con-
ducted periodic refinement and use of the groundwater data.  The data collected is summarized in Section 
3 and Section 4. 

5.4.2 Groundwater Basin and Resource Reports 

This 2018 Annual Report is prepared to meet the objective of providing the DCTRA members annual data 
on the Groundwater Basin and summaries of Basin changes that took place during the water and calendar 
year 2017. 

5.4.3 Local Agency and Stakeholder Involvement 

During 2018, the DCTRA Board met bi-monthly to discuss surface water issues, management of surface 
water, and the 2018 hydrologic conditions of the DCTRA Basin.  On a monthly basis, the DCTRA Advisory 
Committee met to discuss the details or different surface water issues and the management of surface 
water.  Data that was compiled throughout the year was provided to the stakeholders and posted on the 
member websites to keep agencies and stakeholders informed of current basin conditions. 
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 displacement in Bulletin 118 groundwater basins between spring of
 2015 and summer of 2017
GeoTIFF pixel values are in inches equal to the cumulative vert ical
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Tule River and Deer Creek Sampling Station Surface Water 
Quality – 2009 through 2015 

Porter Slough Near Road 192 

Tule River at North Fork at Road 144 

Tule River at Road 192 

Deer Creek at Road 248 

Deer Creek at Road 176 

Deer Creek at Road 120 



Constituent Units 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
1 5 6 0 0 0 0 0 6 1 3 6 10 1 1 0 0 2 9 3 3 6 10 1 1 0 0 2 9 3

Flow cfs 25.00 5.00 6.09 0.00 0.00 0.00 0.00 0.00 25.00 2.00 345.00 249.00 184.17 34.17 375.00 0.00 0.00 245.00 305.00 275.00 235.00 136.43 138.75 29.17 250.00 0.00 0.00 195.00 255.00 125
EC umhos/cm 59.80 144.44 149.27 n/a n/a n/a n/a n/a 163.50 24.00 68.83 70.88 68.53 32.30 31.20 n/a n/a 62.60 224.00 24.40 60.40 74.57 69.35 32.70 33.80 n/a n/a 55.20 219.00 25.3
pH pH 7.36 7.99 8.02 n/a n/a n/a n/a n/a 8.35 8.48 7.72 7.53 7.63 7.07 7.71 n/a n/a 7.50 8.24 8.46 8.04 7.46 7.61 6.96 7.45 n/a n/a 7.50 7.84 8.4

Temperature Celsius 17.70 19.92 15.03 n/a n/a n/a n/a n/a 21.60 21.60 25.97 18.24 16.64 24.20 22.80 n/a n/a 13.80 19.60 23.30 34.00 18.18 16.67 24.60 21.80 n/a n/a 15.20 26.20 23.1
Dissolved Oxygen mg/L 8.70 9.38 9.60 n/a n/a n/a n/a n/a 8.77 10.80 7.75 9.23 9.47 7.86 8.52 n/a n/a 10.80 9.06 10.13 8.70 9.21 9.02 7.31 8.40 n/a n/a 10.35 9.56 10.02

TDS mg/L 38.00 80.92 99.92 n/a n/a n/a n/a n/a n/a n/a 37.45 43.85 57.39 15.30 25.90 n/a n/a 42.00 n/a n/a 44.05 41.98 52.11 19.10 33.00 n/a n/a 38.00 n/a n/a
TSS mg/L 6.02 9.52 7.38 n/a n/a n/a n/a n/a n/a n/a 15.60 30.06 9.56 15.30 34.70 n/a n/a n/a n/a n/a 12.40 11.53 7.27 9.40 21.00 n/a n/a n/a n/a n/a

Turbidity NTU 1.90 4.87 5.28 n/a n/a n/a n/a n/a 2.60 0.96 4.80 12.42 5.44 8.62 10.60 n/a n/a 5.40 3.00 6.00 6.23 7.52 5.49 6.71 11.60 n/a n/a 4.60 4.40 2.5
Nitrate + Nitrite as N mg/L ND 0.11 0.25 n/a n/a n/a n/a n/a 0.07 ND ND 0.35 0.18 n/a ND n/a n/a ND ND ND ND 0.09 0.19 n/a ND n/a n/a ND ND ND
Orthophosphate-P mg/L 0.05 0.06 0.09 n/a n/a n/a n/a n/a 0.05 ND 0.03 0.04 0.05 0.01 0.04 n/a n/a 0.01 0.01 0.01 0.03 0.04 3.91 0.01 0.04 n/a n/a 0.01 0.01 ND

Ammonia-N mg/L ND 0.07 0.16 n/a n/a n/a n/a n/a ND ND 0.91 0.37 0.33 0.06 ND n/a n/a 0.29 n/a ND 5.10 0.10 0.11 0.34 ND n/a n/a 0.09 n/a ND
Unionized Ammonia mg/L ND ND 0.01 n/a n/a n/a n/a n/a ND ND 0.00 0.00 0.00 0.00 ND n/a n/a ND n/a ND 0.04 0.00 0.00 0.00 ND n/a n/a ND n/a ND

TKN mg/L ND 0.79 0.26 n/a n/a n/a n/a n/a n/a n/a 0.67 0.57 0.49 1.40 0.58 n/a n/a ND n/a n/a ND 0.84 0.48 0.36 0.52 n/a n/a ND n/a n/a
Color APHA ND ND 49.50 n/a n/a n/a n/a n/a n/a n/a ND ND 25.30 6 n/a n/a n/a n/a n/a n/a ND ND 26.60 8 n/a n/a n/a n/a n/a n/a

Phosphorus ug/L ND 7.90 0.07 n/a n/a n/a n/a n/a n/a n/a ND 4.70 0.05 n/a 0.01 n/a n/a n/a n/a n/a 0.04 3.60 0.06 n/a 0.01 n/a n/a 0.04 n/a n/a
Hardness mg/L 9.98 51.58 60.17 n/a n/a n/a n/a n/a 47.00 7.90 17.72 20.61 26.06 10.30 11.00 n/a n/a n/a 8.40 10.00 16.89 23.50 27.55 11.00 12.80 n/a n/a 17.00 8.20 8.5

TOC mg/L 2.59 3.90 4.53 n/a n/a n/a n/a n/a 3.10 n/a 2.37 2.90 2.99 2.52 3.55 n/a n/a 0.00 2.30 n/a 2.65 2.52 2.86 2.49 6.42 n/a n/a 2.70 2.40 n/a
E. coli MPN 161.00 264.00 352.67 n/a n/a n/a n/a n/a 240.00 33.00 43.33 83.03 89.37 43.50 19.90 n/a n/a 49.00 70.00 79.00 81.00 112.72 292.92 46.50 39.30 n/a n/a 220.00 350.00 240

Fecal Coliform MPN 300.00 356.00 242.33 n/a n/a n/a n/a n/a 240.00 33.00 113.33 116.78 120.27 23.00 22.00 n/a n/a n/a 70.00 79.00 137.33 228.33 197.92 70.00 500.00 n/a n/a n/a 350.00 240
Toxicity, minnow 96h ND 100.00 100.00 n/a n/a n/a n/a n/a 100.00 n/a 100.00 100.00 100.00 n/a 97.50 n/a n/a 97.50 97.50 97.50 100.00 100.00 100.00 n/a 97.50 n/a n/a 100.00 100.00 97.5

Toxicity, water flea 48h ND 100.00 100.00 n/a n/a n/a n/a n/a 100.00 n/a 100.00 100.00 100.00 100.00 100.00 n/a n/a 100.00 100.00 100.00 100.00 100.00 100.00 100.00 95.00 n/a n/a 100.00 100.00 100
Toxicity, algae 48h 100.00 100.00 100.00 n/a n/a n/a n/a n/a 100.00 n/a 100.00 100.00 100.00 100.00 100.00 n/a n/a 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 n/a n/a 100.00 100.00 100

Constituent Units 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
0 4 7 5 3 0 0 5 7 6 3 6 10 1 1 0 0 1 8 1 3 5 10 1 1 0 0 1 8 1

Flow cfs 0.00 16.33 27.75 6.17 5.33 0.00 0.00 3.00 25.00 4.00 125.33 92.00 99.00 2.08 175.00 0.00 0.00 150.00 235.00 200.00 83.33 71.67 57.50 0.42 120.00 0.00 0.00 110.00 175.00 10
EC umhos/cm n/a 193.60 200.53 235.94 269.00 n/a n/a 226.00 170.40 260.00 32.37 69.57 71.00 189.80 29.90 n/a n/a 28.50 225.00 31.60 58.20 71.06 66.10 216.90 35.00 n/a n/a 33.80 158.10 31
pH pH n/a 8.00 8.08 8.36 8.67 n/a n/a 8.30 7.76 8.20 14.61 7.51 7.72 8.28 7.49 n/a n/a 8.72 7.99 8.16 7.57 7.77 7.88 8.35 7.38 n/a n/a 7.94 7.70 8.04

Temperature Celsius n/a 18.53 19.67 18.74 19.70 n/a n/a 22.80 29.00 27.00 14.97 19.05 17.19 19.30 24.30 n/a n/a 20.50 23.80 20.10 25.30 21.80 19.85 21.00 26.80 n/a n/a 27.00 27.10 26.2
Dissolved Oxygen mg/L n/a 8.84 8.74 9.26 9.64 n/a n/a 7.80 8.40 8.23 15.42 8.86 9.15 8.47 8.10 n/a n/a 8.88 9.18 9.10 8.32 8.72 8.91 7.86 7.17 n/a n/a 6.99 9.27 7.78

TDS mg/L n/a 128.55 134.56 161.80 240.67 n/a n/a 160.00 n/a n/a 15.43 38.55 58.28 146.00 26.90 n/a n/a 30.00 n/a n/a 28.20 55.80 60.88 160.00 35.80 n/a n/a 40.00 n/a n/a
TSS mg/L n/a 183.31 15.03 15.57 11.28 n/a n/a n/a n/a 14.00 10.26 16.86 10.71 12.50 18.20 n/a n/a n/a 38.00 10.37 4.55 9.15 4.60 8.00 n/a n/a n/a n/a 6.50

Turbidity NTU n/a 5.13 5.85 5.31 4.46 n/a n/a 1.00 1.40 3.30 8.17 4.31 5.45 9.24 7.70 n/a n/a 7.30 6.90 14.00 6.69 3.89 7.67 5.36 6.48 n/a n/a 7.00 5.50 6
Nitrate + Nitrite as N mg/L n/a 0.19 0.35 0.10 0.05 n/a n/a ND 0.03 ND 0.02 0.27 0.28 0.20 ND n/a n/a ND ND ND ND ND 0.26 0.20 ND n/a n/a ND ND ND
Orthophosphate-P mg/L n/a 0.10 0.13 0.05 0.04 n/a n/a 0.00 0.04 0.03 0.02 0.04 0.08 0.08 0.02 n/a n/a 0.02 0.01 ND 0.03 0.04 0.10 0.08 0.02 n/a n/a 0.02 0.01 ND

Ammonia-N mg/L n/a 0.22 0.13 n/a ND n/a n/a ND ND ND ND ND 0.10 n/a ND n/a n/a 0.20 ND ND ND 0.07 0.08 n/a ND n/a n/a 0.22 ND ND
Unionized Ammonia mg/L n/a 0.01 0.00 n/a ND n/a n/a ND ND ND 0.32 ND 0.00 n/a ND n/a n/a ND ND ND ND ND 0.01 n/a ND n/a n/a ND ND ND

TKN mg/L n/a 0.88 0.30 0.36 0.59 n/a n/a ND n/a n/a 0.32 0.73 0.44 0.42 0.58 n/a n/a ND n/a n/a 0.95 0.42 0.42 0.77 0.53 n/a n/a 0.12 n/a n/a
Color APHA n/a ND 31.81 20.16 n/a n/a n/a n/a n/a n/a 0.01 ND 29.30 60.00 n/a n/a n/a n/a n/a n/a ND ND 33.10 60.00 n/a n/a n/a n/a n/a n/a

Phosphorus ug/L n/a 14.88 0.08 0.02 0.05 n/a n/a 0.04 n/a n/a 0.00 0.07 0.10 0.07 ND n/a n/a 0.11 n/a n/a 0.01 14.52 0.10 0.01 0.01 n/a n/a 0.04 n/a n/a
Hardness mg/L n/a 63.83 70.53 82.32 90.27 n/a n/a 79.00 61.00 89.00 6.65 17.09 25.53 65.20 10.70 n/a n/a 18.00 8.90 11.00 8.32 21.98 26.55 77.10 12.80 n/a n/a 13.00 7.50 11

TOC mg/L n/a 5.23 3.74 2.90 4.16 n/a n/a n/a 3.10 n/a 12.27 2.39 2.90 6.63 3.65 n/a n/a n/a 2.30 n/a 1.81 3.65 2.87 7.99 4.29 n/a n/a 2.70 ND n/a
E. coli MPN n/a 873.75 597.57 548.54 958.43 n/a n/a n/a 170.00 540.00 39.67 63.79 126.17 866.40 19.90 n/a n/a 33.00 13.00 110.00 19.00 138.92 147.63 50.40 21.10 n/a n/a 170.00 2.30 240

Fecal Coliform MPN n/a 1735.00 479.04 939.82 981.37 n/a n/a n/a 380.00 540.00 74.00 97.88 81.02 700.00 220.00 n/a n/a 33.00 23.00 110.00 202.67 184.00 95.15 50.00 500.00 n/a n/a 170.00 170.00 240
Toxicity, minnow 96h n/a 100.00 100.00 100.00 100.00 n/a n/a n/a 90.00 95.00 100.00 100.00 100.00 100.00 97.50 n/a n/a 0.00 97.50 95.00 100.00 100.00 100.00 100.00 95.00 n/a n/a 95.00 87.50 87.5

Toxicity, water flea 48h n/a 100.00 100.00 100.00 100.00 n/a n/a n/a 100.00 100.00 100.00 100.00 100.00 100.00 100.00 n/a n/a 0.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 n/a n/a 95.00 100.00 100
Toxicity, algae 48h n/a 100.00 100.00 100.00 100.00 n/a n/a n/a 100.00 100.00 98.13 100.00 100.00 100.00 100.00 n/a n/a 100.00 100.00 <100 100.00 100.00 100.00 100.00 100.00 n/a n/a 100.00 100.00 <100

Number of Sample Events

Porter Slough Near Road 192 Tule River at North Fork at Road 144

Deer Creek at Road 248 Deer Creek at Road 176

Number of Sample Events

Deer Creek at Road 120

Tule River at Road 92

TULE RIVER AND DEER CREEK SAMPLING STATION
SURFACE WATER QUALITY - 2009 THROUGH 2018
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2018 Consumer Confidence Report 
Water System Name: Pixley Public Utility District Report Date: June 28th, 2019 

We test the drinking water quality for many constituents as required by state and federal regulations.  This report shows the 
results of our monitoring for the period of January 1 to December 31, 2018 and may include earlier monitoring data. 

Este informe contiene información muy importante sobre su agua para beber.  Favor de comunicarse [Enter Water 
System’s Name Here] a [Enter Water System’s Address or Phone Number Here] para asistirlo en español. 

这份报告含有关于您的饮用水的重要讯息。请用以下地址和电话联系 [Enter Water System’s Name Here]以获得中文的

帮助:[Enter Water System’s Address Here][Enter Water System’s Phone Number Here] 

Ang pag-uulat na ito ay naglalaman ng mahalagang impormasyon tungkol sa inyong inuming tubig.  Mangyaring 
makipag-ugnayan sa [Enter Water System’s Name and Address Here] o tumawag sa [Enter Water System’s Phone Number 
Here] para matulungan sa wikang Tagalog. 

Báo cáo này chứa thông tin quan trọng về nước uống của bạn.  Xin vui lòng liên hệ [Enter Water System’s Name Here] tại 
[Enter Water System’s Address or Phone Number Here] để được hỗ trợ giúp bằng tiếng Việt. 

Tsab ntawv no muaj cov ntsiab lus tseem ceeb txog koj cov dej haus.  Thov hu rau [Enter Water System’s Name Here] 
ntawm [Enter Water System’s Address or Phone Number Here] rau kev pab hauv lus Askiv. 

Type of water source(s) in use:   Groundwater 
Name & general location of source(s):   Well #02A – Well #03A – Well #4 – Well #5 
 
Drinking Water Source Assessment information: A source Water Assessment was conducted for Pixley Public Utility 

District in April, 2002.  A copy can be obtained from the Pixley Public 
Utility District Office located at: 232 East Davis Pixley CA. 

 
Time and place of regularly scheduled board meetings for public participation: Regular Board Meetings are scheduled at 

6:30 p.m. on the first Monday of each 
month at the Pixley Public Utility 
District Office located at: 232 East Davis 
Avenue Pixley CA. 

 
For more information, contact:  Randy Masters Phone: (559)757-3878 
 

TERMS USED IN THIS REPORT 
Maximum Contaminant Level (MCL): The highest level of a 
contaminant that is allowed in drinking water.  Primary MCLs are set as 
close to the PHGs (or MCLGs) as is economically and technologically 
feasible.  Secondary MCLs are set to protect the odor, taste, and 
appearance of drinking water. 
Maximum Contaminant Level Goal (MCLG): The level of a 
contaminant in drinking water below which there is no known or 
expected risk to health.  MCLGs are set by the U.S. Environmental 
Protection Agency (U.S. EPA). 
Public Health Goal (PHG): The level of a contaminant in drinking 
water below which there is no known or expected risk to health.  PHGs 
are set by the California Environmental Protection Agency. 
Maximum Residual Disinfectant Level (MRDL):  The highest level of 
a disinfectant allowed in drinking water.  There is convincing evidence 
that addition of a disinfectant is necessary for control of microbial 
contaminants. 
Maximum Residual Disinfectant Level Goal (MRDLG): The level of 
a drinking water disinfectant below which there is no known or expected 
risk to health.  MRDLGs do not reflect the benefits of the use of 
disinfectants to control microbial contaminants. 
Primary Drinking Water Standards (PDWS): MCLs and MRDLs for 
contaminants that affect health along with their monitoring and reporting 
requirements, and water treatment requirements. 

Secondary Drinking Water Standards (SDWS):  MCLs for contaminants that 
affect taste, odor, or appearance of the drinking water.  Contaminants with 
SDWSs do not affect the health at the MCL levels. 
Treatment Technique (TT):  A required process intended to reduce the level of 
a contaminant in drinking water. 
Regulatory Action Level (AL): The concentration of a contaminant which, if 
exceeded, triggers treatment or other requirements that a water system must 
follow. 
Variances and Exemptions:  Permissions from the State Water Resources 
Control Board (State Board) to exceed an MCL or not comply with a treatment 
technique under certain conditions. 
Level 1 Assessment:  A Level 1 assessment is a study of the water system to 
identify potential problems and determine (if possible) why total coliform 
bacteria have been found in our water system. 
Level 2 Assessment:  A Level 2 assessment is a very detailed study of the water 
system to identify potential problems and determine (if possible) why an E. coli 
MCL violation has occurred and/or why total coliform bacteria have been found 
in our water system on multiple occasions. 
ND: not detectable at testing limit 
ppm: parts per million or milligrams per liter (mg/L) 
ppb: parts per billion or micrograms per liter (µg/L) 
ppt: parts per trillion or nanograms per liter (ng/L)  
ppq: parts per quadrillion or picogram per liter (pg/L) 
pCi/L: picocuries per liter (a measure of radiation) 
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The sources of drinking water (both tap water and bottled water) include rivers, lakes, streams, ponds, reservoirs, springs, 
and wells.  As water travels over the surface of the land or through the ground, it dissolves naturally-occurring minerals 
and, in some cases, radioactive material, and can pick up substances resulting from the presence of animals or from human 
activity. 

Contaminants that may be present in source water include: 

• Microbial contaminants, such as viruses and bacteria, that may come from sewage treatment plants, septic systems, 
agricultural livestock operations, and wildlife. 

• Inorganic contaminants, such as salts and metals, that can be naturally-occurring or result from urban stormwater 
runoff, industrial or domestic wastewater discharges, oil and gas production, mining, or farming. 

• Pesticides and herbicides, that may come from a variety of sources such as agriculture, urban stormwater runoff, 
and residential uses. 

• Organic chemical contaminants, including synthetic and volatile organic chemicals, that are byproducts of 
industrial processes and petroleum production, and can also come from gas stations, urban stormwater runoff, 
agricultural application, and septic systems. 

• Radioactive contaminants, that can be naturally-occurring or be the result of oil and gas production and mining 
activities. 

In order to ensure that tap water is safe to drink, the U.S. EPA and the State Board prescribe regulations that limit the 
amount of certain contaminants in water provided by public water systems.  The U.S. Food and Drug Administration 
regulations and California law also establish limits for contaminants in bottled water that provide the same protection for 
public health. 

Tables 1, 2, 3, 4, 5, and 6 list all of the drinking water contaminants that were detected during the most recent 
sampling for the constituent.  The presence of these contaminants in the water does not necessarily indicate that the water 
poses a health risk.  The State Board allows us to monitor for certain contaminants less than once per year because the 
concentrations of these contaminants do not change frequently.  Some of the data, though representative of the water quality, 
are more than one year old.  Any violation of an AL, MCL, MRDL, or TT is asterisked.  Additional information regarding 
the violation is provided later in this report. 

TABLE 1 – SAMPLING RESULTS SHOWING THE DETECTION OF COLIFORM BACTERIA 
Microbiological 
Contaminants 

(complete if bacteria detected) 

Highest No. of 
Detections 

No. of Months 
in Violation MCL MCLG Typical Source of 

Bacteria 

Total Coliform Bacteria 
(state Total Coliform Rule) 

(In a month) 
1 

 
0 

1 positive monthly sample 0 Naturally present in the 
environment 

Fecal Coliform or E. coli 
(state Total Coliform Rule) 

(In the year) 
0 

 
0 

A routine sample and a repeat 
sample are total coliform positive, 
and one of these is also fecal 
coliform or E. coli positive 

 
0 

Human and animal fecal 
waste 

E. coli 
(federal Revised Total 

Coliform Rule) 

(In the year) 
0 

 
0 

(a) 0 Human and animal fecal 
waste 

(a) Routine and repeat samples are total coliform-positive and either is E. coli-positive or system fails to take repeat samples following E. coli-positive routine sample 
or system fails to analyze total coliform-positive repeat sample for E. coli. 

TABLE 2 – SAMPLING RESULTS SHOWING THE DETECTION OF LEAD AND COPPER 

Lead and Copper 
(complete if lead or copper 

detected in the last sample set) 
Sample 

Date 

No. of 
Samples 
Collected 

90th 
Percentile 

Level 
Detected 

No. Sites 
Exceeding 

AL 
AL PHG 

No. of Schools 
Requesting 

Lead Sampling 

Typical Source of 
Contaminant 

Lead (ppb) 08/02/2016 10 2.0 0 15 0.2 2 Internal corrosion of 
household water plumbing 
systems; discharges from 
industrial manufacturers; 
erosion of natural deposits 

Copper (ppm) 08/02/2016 10 0.02 0 1.3 0.3 Not applicable Internal corrosion of 
household plumbing 
systems; erosion of natural 
deposits; leaching from 
wood preservatives 
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TABLE 3 – SAMPLING RESULTS FOR SODIUM AND HARDNESS 
Chemical or Constituent (and 

reporting units) 
Sample 

Date 
Level 

Detected 
Range of 

Detections MCL PHG 
(MCLG) Typical Source of Contaminant 

Sodium (ppm) 
                                Well #5 

07/11/2017 
05/03/2018 

45.34 
47 

39 - 52 None None Salt present in the water and is generally 
naturally occurring 

Hardness (ppm) 
                                Well #5 
 
                                  

07/11/2017 
05/03/2018 

 
 

23.29 
9.98 

7.49 – 52.40 None None Sum of polyvalent cations present in the 
water, generally magnesium and calcium, 
and are usually naturally occurring 

TABLE 4 – DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD 

Chemical or Constituent 
(and reporting units) 

Sample 
Date 

Level 
Detected 

Range of 
Detections 

MCL 
[MRDL] 

PHG 
(MCLG) 
[MRDLG] 

Typical Source of Contaminant 

Radioactive Contaminants 
Gross Alpha Particle Activity 
pCiL                        Well #5 

 
07/18/2017 
10/09/2018 

 
2.28 
1.24 

 
1.13 – 3.68 

 
15 
 

 
 (0) 

 

 
Erosion of natural deposits 
 

Radium 
                                Well #5 

06/11/2011 
10/09/2018 

0.050 
0.000 

0.000 – 0.105 0 
 

(0)(b) 
 

Erosion of natural deposits 
 

Inorganic Contaminants 
Aluminum                       (ppm) 
                                 Well #5 

 
07/11/2017 
05/03/2018 

 
0.72 
0.06 

 
ND – 1.20 

 
1 

 
0.6 

Erosion of natural deposits; residue from 
surface water treatment processes 

*Arsenic                         (ppb) Quarterly 
2018 

14.50 6.00 – 23.00 10 0.004 Erosion of natural deposits; runoff from 
orchards; glass and electronics 
production wastes 

Fluoride                          (ppm) 
                                  
                                  Well #5 

07/11/2017 
 

05/03/2018 

0.07 
 

0.2 

ND – 0.20 2.0 1 Erosion of natural deposits; water additive 
which promotes strong teeth; discharge 
from fertilizer and aluminum factories 

Nitrate (as Nitrogen, N)  (ppm) 
 
                                  Well #5 

07/18/2018 
 

05/03/2018 

2.90 
 

2.6 

0.80 – 4.60 10 10 Runoff and leaching from fertilizer use; 
leaching from septic tanks and sewage; 
erosion of natural deposits 

Chlorine                          (ppm) 2017 0.42 0 – 0.80 4.0  
(as C12) 

4 (as C12) Drinking water disinfectant added for 
treatment 

Synthetic Organic 
Contaminants 

      

*1,2,3 Trichloropropane (ppb) Quarterly 
2018 

0.014 ND – 0.021 0.005  Some people who drink water containing 
1,2,3-trichloropropane in excess of the 
MCL over many years may have an 
increased risk of getting cancer 

       

TABLE 5 – DETECTION OF CONTAMINANTS WITH A SECONDARY DRINKING WATER STANDARD 

Chemical or Constituent 
(and reporting units) 

Sample 
Date Level Detected Range of 

Detections SMCL PHG 
(MCLG) Typical Source of Contaminant 

Iron                                  (ppb) 
                                   Well #5 

07/11/2017 
05/03/2018 

83.34 
120 

ND – 130 300  Leaching from natural deposits; industrial 
wastes 

Odor – Threshold           (units) 07/11/2017 2.67 ND – 8.00 3  Naturally occurring organic materials 

Turbidity                        (units) 
                                   Well #5 

07/11/2017 
05/03/2018 

2.47 
1.4 

0.40 – 4.20 5  Soil runoff 

Specific Conductance 
(umhos/Cm2) 

Quarterly 
2018 

273.67 194 – 395 1600  Substances that form ions when in water; 
seawater influence 

Chloride                           (ppm) 
                                    Well #5 

07/11/2017 
05/03/2018 

24.34 
19 

9.00 – 48.00 500  Runoff/leaching from natural deposits; 
seawater influence 

Sulfate                              (ppb) 
                                    Well #5 

07/11/2017 
05/03/2018 

21.70 
17.6 

9.40 – 39.50 500  Runoff/leaching from natural deposits; 
industrial wastes 
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TABLE 6 – DETECTION OF UNREGULATED CONTAMINANTS 
Chemical or Constituent 

(and reporting units) 
Sample 

Date Level Detected Range of 
Detections Notification Level Health Effects Language 

Vanadium  (ppb) 

 Well #5 

07/11/2017 

05/03/2018 

18.67 

32 

16.00 – 21.00 50 ppb The babies of some pregnant women who 
drink water containing vanadium in excess 
of the notification level may have an 
increased risk of developmental effects, 
based on studies in laboratory animals 

Additional General Information on Drinking Water 

Drinking water, including bottled water, may reasonably be expected to contain at least small amounts of some contaminants.  The 
presence of contaminants does not necessarily indicate that the water poses a health risk.  More information about contaminants and 
potential health effects can be obtained by calling the U.S. EPA’s Safe Drinking Water Hotline (1-800-426-4791). 

Some people may be more vulnerable to contaminants in drinking water than the general population.  Immuno-compromised persons 
such as persons with cancer undergoing chemotherapy, persons who have undergone organ transplants, people with HIV/AIDS or other 
immune system disorders, some elderly, and infants can be particularly at risk from infections.  These people should seek advice about 
drinking water from their health care providers.  U.S. EPA/Centers for Disease Control (CDC) guidelines on appropriate means to lessen 
the risk of infection by Cryptosporidium and other microbial contaminants are available from the Safe Drinking Water Hotline (1-800-
426-4791).

Lead-Specific Language:  If present, elevated levels of lead can cause serious health problems, especially for pregnant women and 
young children.  Lead in drinking water is primarily from materials and components associated with service lines and home plumbing. 
Pixley Public Utility District is responsible for providing high quality drinking water, but cannot control the variety of materials used in 
plumbing components.  When your water has been sitting for several hours, you can minimize the potential for lead exposure by flushing 
your tap for 30 seconds to 2 minutes before using water for drinking or cooking.  [OPTIONAL: If you do so, you may wish to collect 
the flushed water and reuse it for another beneficial purpose, such as watering plants.]  If you are concerned about lead in your water, 
you may wish to have your water tested.  Information on lead in drinking water, testing methods, and steps you can take to minimize 
exposure is available from the Safe Drinking Water Hotline (1-800-426-4791) or at http://www.epa.gov/lead. 

Summary Information for Violation of a MCL, MRDL, AL, TT, 
or Monitoring and Reporting Requirement 

VIOLATION OF A MCL, MRDL, AL, TT, OR MONITORING AND REPORTING REQUIREMENT 

Violation Explanation Duration Actions Taken to Correct 
the Violation Health Effects Language 

*Arsenic Arsenic levels test in 
excess of MCL  

Since 4th quarter 
2008 

Completed phase 1 of 
prop 84 construction 
and beginning phase 
2 

Some people who drink 
water containing arsenic 
in excess of the MCL 
over many years may 
experience skin damage 
or circulatory systems 
problems and may have 
an increased risk of 
getting cancer 

*1,2,3-
Trichloropropane

1,2,3-
Trichloropropane 
levels test in excess of 
MCL 

Since 1st quarter 2018 Research local 
hydrogeology/submit 
a request for 
technical assistance 
to the State/treatment 
options 

Some people who drink 
water containing 1,2,3-
trichloropropane in 
excess of the MCL over 
many years may have an 
increased risk of cancer 

http://www.epa.gov/lead






In order to ensure that tap water meets standards, USEPA and the 
State Water Resources Control Board prescribe regula ons that 
limit the amount of certain contaminants in water provided by 
public water systems.  Department regula ons also establish limits 
for contaminants in bo led water that provide the same 
protec on for public health.  The City of Porterville tests its water 
at each well site and at numerous loca ons throughout the 
distribu on system on a regular basis in order to comply with all 
state and federal standards. 
 
City of Porterville water comes from 37 municipal water wells 
located throughout the city.  Before being pumped into the 
distribu on system, a disinfectant is added to the water to protect 
you from poten al microbial contaminants.   
 
An assessment of all the drinking water sources for the City of 
Porterville was completed in November of 2017.  Of the 37 wells, 
six have been determined to be vulnerable to PCE contamina on, 
and seven have been determined to be vulnerable to nitrate 
contamina on, and one vulnerable to DBCP contamina on; 
however, none of these cons tuents have been detected at 
concentra ons over the drinking water standards.  A copy of the 
complete assessment is available at the City Corpora on yard, 555 
N. Prospect Street.     
 
We are required to monitor your drinking water for specific 
contaminants on a regular basis. Results of regular monitoring are 
an indicator of whether or not our drinking water meets health 
standards. For addi onal water quality data, please contact David 
Payne at 782-7518.  Your concerns can also be addressed to the 
Porterville City Council.  Mee ngs are held at 6:30 p.m. on the first 
and third Tuesdays of each month at City Hall, 291 N. Main Street.  
Council sessions are open to the public. Property owners, with any 
type of tenants, please make copies of this report and distribute 
them to your tenants and/or post on your community board if 
available. 
 
The sources of drinking water (both tap water and bo led water) 
include rivers, lakes, streams, ponds, reservoirs, springs, and wells.  
As water travels over the surface of the land or through the 
ground, it dissolves naturally occurring minerals and, in some 
cases, radioac ve material, and can pick up substances resul ng 
from the presence of animals or from human ac vity. 
 
Contaminants that may be present in source water include: 
microbial contaminants such as viruses and bacteria; inorganic 
contaminants such as salts and metals; pes cides and herbicides 
that may come from a variety of sources; organic chemical 
contaminants, including synthe c and vola le organic chemicals, 
that are by-products of industrial processes and petroleum 
produc on, and radioac ve contaminants that can be naturally 
occurring.   
 
Drinking water, including bo led water, may reasonably be 
expected to contain at least small amounts of some contaminants. 
The presence of contaminants does not necessarily indicate that 
water poses a health risk.  More informa on about contaminants 
and poten al health effects can be obtained by calling the USEPA’s 
Safe Drinking Water Hotline (800) 426-4791. 

 IMPORTANT REMINDER FOR AQUARIUM OWNERS AND HOME 
DIALYSIS PATIENTS 
 
To meet USEPA regula ons the water supply will contain chlorine.  
Residents with aquariums or fish ponds should remove the chlorine 
with water condi oning chemicals or granular ac vated carbon.  
Contact your local tropical fish store to determine the best water 
treatment for your fish.  If you are receiving kidney dialysis treatment, 
please contact your doctor or dialysis technician to be sure that the 
equipment is adequately removing the chlorine. 
 
OTHER PRECAUTIONS THE PUBLIC SHOULD CONSIDER 
 
Some people may be more vulnerable to contaminants in drinking 
water than the general popula on.  Immune-compromised persons 
such as persons with cancer undergoing chemotherapy, persons who 
have undergone organ transplants, people with HIV/AIDS or other 
immune system disorders, some elderly, and infants can be par cularly 
at risk from infec ons.  These people should seek advice about 
drinking water from their health care providers.  USEPA/Centers for 
Disease Control (CDC) guidelines on appropriate means to lessen the 
risk of infec on by Cryptosporidium and other microbial contaminants 
are available from the Safe Drinking Water Hotline (800) 426-4791. 
 
DEFINITIONS: 
 
0 – Indicates a value less than the detec on repor ng level 
 

AL - Ac on Level - The concentra on of a contaminant which, if 
exceeded, triggers treatment or other requirements that a water 
system must follow. 
 

MCL - Maximum Contaminant Level - The highest level of a 
contaminant that is allowed in drinking water.  Primary MCLs are set as 
close to the PHGs (or MCLGs) as is economically and technologically 
feasible.  Secondary MCLs are set to protect the odor, taste, and 
appearance of drinking water. 
 

MCLG - Maximum Contaminant Level Goal - The level of a 
contaminant in drinking water below which there is no known or 
expected risk to health.  MCLGs are set by the U.S. Environmental 
Protec on Agency (USEPA).  
 

ND – Non-Detected – cons tuent not detectable in test sample 
 

pCi/l – Picocuries per liter  
 

ppm/b/t – Parts Per Million / Billion / Trillion 
 

Primary Drinking Water Standard - Primary MCLs, specific treatment 
techniques adopted in lieu of primary MCLs, and monitoring and 
repor ng requirements for MCLs that are specific in regula ons. 
 

PHG - Public Health Goal - The level of a contaminant in drinking 
water below which there is no known or expected risk to health.  PHGs 
are set by the California Environmental Protec on Agency. 
 

Range of Detec on – the highest (maximum) and lowest (minimum) 
level of contamina on detected in a sample set (a group of samples 
accompanied by a suite of proper es that describe shared 
characteris cs of all samples in the group) 
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ENGLISH 
 
Este informe con ene informacion muy importante sobre su 
agua potable de beber.  Traduze este informacion or si ene 
preguntas, pueden hablar con Bertha Yarbrough a (559) 782-
7518. 
 
 

 
 

Field Services Division 
Public Works Department 
Water U li es 
555 N. Prospect St. 
Porterville, CA  93257 
Phone: (559) 782-7514 



 



2017 Annua l  Dr inking Wat er Qualit y  Repo rt  

TERRA BELLA IRRIGATION DISTRICT 
We test the drinking water quality for many constituents as required by State and Federal Regulations. 

This report shows the results of our monitoring for the period of January 1 – December 31, 2017 

Este informe contiene información muy importante sobre su agua de beber. 

  Tradúzcalo ó hable con alguien que lo entienda bien. 

We are pleased to provide you with this year's Annual Water Quality Report. We want to keep you informed about the water and 
services we have delivered to you over the past year. Over the past year, our source water came from the Friant Kern Canal and was 
supplemented with groundwater wells. Treatment of the canal water supply consists of conventional filtration using dual media gravity 
filters followed by chlorination. The groundwater wells are all chlorinated. 

A source water assessment was conducted for the Wells 84, 50, 72, 76, 77, 80 and 85 in March 2003 and for Well 87 in March 2014. 
The water sources are considered most vulnerable to the following activities associated with contaminants detected in the water 
supply:  fertilizer, pesticide/ herbicide application; septic systems – low density. The source is considered most vulnerable to the 
following activities not associated with any detected contaminants:  grazing; septic systems – low density; septic systems – high 
density; lumber processing and manufacturing; automobile – gas stations; sewer collection systems; historic gas stations; wastewater 
treatment plants and disposal facilities. A copy of the complete assessment may be viewed at: Terra Bella Irrigation District, 24790 
Avenue 95, Terra Bella, CA 93270. If you would like a summary of the assessment sent to you or if you have any questions about this 
report or concerning your water utility, please contact Mr. Tom Day, Operations Superintendent, 559/535-4414. 

We want our customers to be informed about their water utility. If you want to learn more, please attend any of our regularly 
scheduled meetings. They are held the 2nd Wednesday of each month at 9:00 a.m., at the office of the Terra Bella Irrigation District 
located at 24790 Avenue 95 in Terra Bella. 

The following are definitions of some of the TERMS USED IN THIS REPORT: 

Maximum Contaminant Level (MCL): The highest level of 
a contaminant that is allowed in drinking water. Primary 
MCLs are set as close to the PHGs (or MCLGs) as is 
economically and technologically feasible. Secondary MCLs 
are set to protect the odor, taste, and appearance of 
drinking water. 
 
Maximum Contaminant Level Goal (MCLG): The level of a 
contaminant in drinking water below which there is no 
known or expected risk to health. MCLGs are set by the 
U.S. Environmental Protection Agency (USEPA). 
 
Public  Health  Goal  (PHG):  The  level  of  a contaminant 
in drinking water below which there is no known or 
expected risk to health. PHGs are set by the California 
Environmental Protection Agency. 
 
Maximum Residual Disinfectant Level (MRDL): The 
highest level of a disinfectant allowed in drinking water. 
There is convincing evidence that addition of a disinfectant 
is necessary for control of microbial contaminants. 
 
Maximum Residual Disinfectant Level Goal (MRDLG): 
The level of a drinking water disinfectant below which 
there is no known or expected risk to health. MRDLGs do 
not reflect the benefits of the use of disinfectants to control 
microbial contaminants. 
 
Primary Drinking Water Standards (PDWS): MCLs and 
MRDLs for contaminants that affect health along with their 
monitoring and reporting requirements, and water 
treatment requirements. 

Secondary Drinking Water Standards (SDWS): MCLs for 
contaminants that affect taste, odor, or appearance of the drinking water.  
Contaminants with SDWSs do not affect the health at the MCL levels. 
 
Treatment Technique (TT):  A required process intended to reduce the 
level of a contaminant in drinking water. 
 
Regulatory Action Level (AL): The concentration of a contaminant 
which, if exceeded, triggers treatment or other requirements that a water 
system must follow. 
 
Variances and Exemptions:   State Board permission to exceed an MCL 
or not comply with a treatment technique under certain conditions. 
 
Level 1 Assessment:  A Level 1 assessment is a study of the water system 
to identify potential problems and determine (if possible) why total 
coliform bacteria have been found in our water system. 
 
Level  2  Assessment:   A  Level  2  assessment  is  a  very detailed study 
of the water system to identify potential problems and determine (if 
possible) why an E. coli MCL violation  has  occurred  and/or  why  total  
coliform bacteria have been found in our water system on multiple 
occasions. 
 
N/A: Not applicable 
ND: not detectable at testing limit 
ppm: parts per million or milligrams per liter (mg/L)  
ppb: parts per billion or micrograms per liter (µg/L)  
ppt: parts per trillion or nanograms per liter (ng/L)  
ppq: parts per quadrillion or picogram per liter (pg/L)  
pCi/L: picocuries per liter (a measure of radiation) 

In general, sources of drinking water (both tap water and bottled water) may include rivers, lakes, streams, ponds, reservoirs, 
springs and wells. As water travels over the surface of the land or through the ground, it dissolves naturally-occurring minerals and, in 
some cases, radioactive material and can pick up substances resulting from the presence of animals or from human activity. 
Constituents that may be present in source water to contamination levels include: 

• Microbial contaminants, such as viruses and bacteria, that may come from sewage treatment plants, septic systems, agricultural 
livestock operations and wildlife. 

• Inorganic contaminants, such as salts and metals, that can be naturally-occurring or result from urban stormwater runoff, 
industrial or domestic wastewater discharges, oil and gas production, mining or farming.   
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• Pesticides and herbicides, may come from a variety of sources such as agriculture, urban stormwater runoff and residential uses. 
• Organic chemical contaminants, including synthetic and volatile organic chemicals, that are byproducts of industrial processes 

and petroleum production and can also come from gas stations, urban stormwater runoff, agricultural application, and septic 
systems. 

• Radioactive contaminants, that can be naturally occurring or the result of oil and gas production and mining activities. 
In order to ensure that tap water is safe to drink, the U. S. Environmental Protection Agency (USEPA) and the State Water 
Resources Control Board – Division of Drinking Water (DDW) prescribe regulations that limit the amount of certain contaminants in 
water provided by public water systems. DDW regulations also establish limits for contaminants in bottled water that must provide the 
same protection for public health. 
If present, elevated levels of lead can cause serious health problems, especially for pregnant women and young children. 
Lead in drinking water is primarily from materials and components associated with service lines and home plumbing. Terra Bella 
Irrigation District is responsible for providing high quality drinking water, but cannot control the variety of materials used in plumbing 
components. When your water has been sitting for several hours, you can minimize the potential for lead exposure by flushing your tap 
for 30 seconds to 2 minutes before using water for drinking or cooking. If you are concerned about lead in your water, you may wish 
to have your water tested. Information on lead in drinking water, testing methods and steps you can take to minimize exposure is 
available from the Safe Drinking Water Hotline or at http://www.epa.gov/safewater/lead. 
The tables below and on the following pages list all the drinking water constituents that were detected during the most 
recent samplings for the constituent. The presence of these constituents in the water does not necessarily indicate that the water 
poses a health risk. The DDW requires us to monitor for certain constituents less than once per year because the concentrations of 
these constituents are not expected to vary significantly from year to year. Some of the data, though representative of the water 
quality, are therefore more than one year old.   

SAMPLING RESULTS SHOWING TREATMENT OF SURFACE WATER SOURCES 
Treatment Technique 

 
Turbidity Performance  

Standards (TPS)** 
Lowest monthly percentage 

of samples that met TPS  
Highest single turbidity 

measurement during the year 
Conventional Filtration 

Treatment with Chlorination 
Turbidity of the filtered water must 
be less than or equal to 0.3 NTU in 
95% of measurements in a month. 

 
100% 

 
0.276 

** Turbidity (measured in NTU) is a measurement of the cloudiness of water and is an indicator of filtration performance. Filtration 
which meets performance standards is demonstrated by meeting turbidity requirements. 

 
 

SAMPLING RESULTS SHOWING THE DETECTION OF COLIFORM BACTERIA 
Microbiological Contaminants  Highest 

No. of detections 
No. of 

months in 
violation 

MCL MCLG Typical Source of Contamination 

Total Coliform Bacteria 1 0 1 positive monthly 
sample  

0 Naturally present in the 
environment 

 Total Coliform:  Coliforms are bacteria that are naturally present in the environment and are used as an indicator that other, potentially harmful, 
bacteria may be present. We are required to monitor your drinking water for specific contaminants on a regular basis. Results of regular 
monitoring are an indicator of whether or not our drinking water meets health standards.  

 
 

T E S T   R E S U L T S   ( A )  
 

Lead and 
Copper Rule 

No. of 
samples 
collected 

MCLG Action  
Level 

90th 
percentile 

level 
detected 

No. Sites 
Exceeding 

Action 
Level 

Typical Source of Contamination 

Lead (ppb) 
2017 
 

10 2 15 ND 0 Internal corrosion of household water plumbing systems; 
discharges from industrial manufacturers; erosion of 
natural deposits 

Copper (ppm) 
2017 

10 0.3 1.3 0.16 0 Internal corrosion of household plumbing systems; erosion 
of natural deposits; leaching from wood preservatives 

 
 

SAMPLING RESULTS FOR SODIUM AND HARDNESS  
Constituent MCL PHG 

[MCLG] 
Sample 

Date 
Average Level 

Detected 
Range Likely Source of Contamination 

Hardness (ppm)  None None 2016/2017 18 5 to 110 Generally found in ground and surface water 
Sodium (ppm)   None None 2016/2017 4.3 1.2 to 26 Generally found in ground and surface water 

http://www.epa.gov/safewater/lead
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DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD  

Constituent MCL PHG 
[MCLG] 

Sample 
Date 

Average 
Level 

Detected 

Range Likely Source of Contamination 

Aluminum 
(ppm) 

1 0.6 2016/2017 0.06 ND to 0.14 Erosion of natural deposits; residue from some surface water 
treatment processes 

Nitrate as N 
(ppm) 

10 10 2017 0.5 ND to 1.4 Runoff and leaching from fertilizer use; leaching from septic 
tanks, sewage; erosion of natural deposits 

 

DETECTION OF CONTAMINANTS WITH A SECONDARY DRINKING WATER STANDARD  
Constituent MCL Sample 

Date 
Average 

Level 
Detected 

Range Likely Source of Contamination 

Chloride (ppm)  500 2016/2017 2.4 ND to 13 Runoff/leaching from natural deposits; seawater 
influence  

Color (Units) 15 2016/2017 10 N/A Naturally-occurring organic materials  
Iron (ppb) 300 2016/2017 324 ND to 1800 (B) Leaching from natural deposits; industrial wastes 
Manganese (ppb)  50 2016/2017 20.5 ND to 81(B) Leaching from natural deposits  
Specific Conductance (µS/cm)  1600 2016/2017 56.6 18 to 340 Substances that form ions when in water; 

seawater influence  
Sulfate (ppm) 500 2016/2017 2.6 ND to 18 Runoff/leaching from natural deposits; industrial 

wastes 
Total Dissolved Solids (TDS) (ppm)  1000 2016/2017 43.3 20 to 220 Runoff/leaching from natural deposits  
Zinc (ppm) 5 2016/2017 52 ND to 280 Runoff/leaching from natural deposits; industrial 

waste 
 

Chemical or Constituent 
(and reporting units) 

MCL 
[MRDL] 

PHG MCLG 
[MRDLG] 

Sample 
Date 

Running Annual 
Average 

Range Major Sources in  
Drinking Water 

TTHM  
[Total Trihalomethanes] 
(ppb) 

80 N/A N/A 2017 49.3 to 93.9 24.1 to 
103.8(C) 

Byproduct of drinking water 
chlorination 
 

HAA5 
[Haloacetic Acids] (ppb)  

60 N/A N/A 2017 43.7 to 87.8 11.8 to 
116.2(D) 

Byproduct of drinking water 
disinfection 
 

Chlorine as CL2 (ppm) [4.0] N/A [4] 2017 0.77 0 Some people who use water 
containing chlorine well in excess 
of the MRDL could experience 
irritating effects to their eyes and 
nose or stomach discomfort. 

TTHM/HAA5: Actions were taken in 2017 to return the District to compliance with the regulatory Running Annual Average requirements by 
the third quarter of 2017. 

 
Disinfection Byproduct Precursors 

Control of DBP precursors (TOC) MCL MCLG Range Major Sources in Drinking Water 

Source Water TT N/A 0.54 to 3.9 Various natural and manmade sources 
Treated Water TT N/A 0.54 to 2.2 Various natural and manmade sources 

(A)  Results reported due to regulatory requirement or detection of a constituent.  
(B) ABOUT SECONDARY DRINKING WATER STANDARDS:  Iron and Manganese were found at levels exceeding the Secondary 

MCLs. These MCLs are set to protect you against unpleasant aesthetic affects such as color, taste, odor or appearance of drinking 
water. The elevated levels are typically naturally occurring. 
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(C) ABOUT TOTAL TRIHALOMETHANES (TTHMs):  Some people who drink water containing Trihalomethanes in excess of the 
MCL over many years may experience liver, kidney or central nervous system problems, and may have an increased risk of getting 
cancer.   

(D) ABOUT HALOACETIC ACIDS (HAA5s):  Some people who drink water containing Haloacetic Acids in excess of the MCL over 
many years may have an increased risk of getting cancer. 
 

Additional General Information On Drinking Water 

All drinking water, including bottled water, may reasonably be expected to contain at least small amounts of some constituents. The 
presence of constituents does not necessarily indicate that the water poses a health risk. More information about constituents, 
contaminant levels and potential health effects can be obtained by calling the Environmental Protection Agency’s Safe Drinking Water 
Hotline at 1/800/426-4791 or their website http://www.epa.gov/safewater/hfacts.html.  
 
Some people may be more vulnerable to contaminants in drinking water than the general population. Immuno-compromised persons 
such as persons with cancer undergoing chemotherapy, persons who have undergone organ transplants, people with HIV/AIDS or 
other immune system disorders and some elderly and infants can be particularly at risk from infections. These people should seek 
advice about drinking water from their health care providers. USEPA/Centers for Disease Control (CDC) guidelines on appropriate 
means to lessen the risk of infection by cryptosporidium and other microbiological contaminants are available from the Safe Drinking 
Water Hotline 1/800/426-4791. 
 
        
 
 
 
 
 
 
  

http://www.epa.gov/safewater/hfacts.html
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TIPTON COMMUNITY SERVICES DISTRICT 

We test the drinking water quality for many constituents as required by State and Federal Regulations. 
This report shows the results of our monitoring for the period of January 1 – December 31, 2018. 

 
Este informe contiene información muy importante sobre su agua de beber. 

  Tradúzcalo ó hable con alguien que lo entienda bien. 

   
We are pleased to provide you with this year's Annual Water Quality Report. We want to keep you informed about the excellent water and 
services we have delivered to you over the past year. Our goal is and always has been, to provide you with a safe and dependable supply 
of drinking water. Our water source comes from two wells. Each well is being chlorinated continuously in an effort to prevent any 
bacteriological problems. 

A source water assessment was conducted for the water supply wells of the Tipton Community Services District water system in February 
2003. The sources are considered most vulnerable to the following activities associated with contaminants detected in the water supply:  
fertilizer, pesticide and/or herbicide applications. The sources are considered most vulnerable to the following activities not associated with 
any detected contaminants:  automobile repair shops; junk and/or scrap and/or salvage yards; sewer collection systems; automobile gas 
stations; historic gas stations; underground storage tanks – confirmed leaking tanks. A copy of the complete assessment may be viewed at 
the District office. If you would like a summary of the assessment sent to you or if you have any questions about this report or concerning 
your water utility, please contact Mr. Johnny Price, Maintenance Director at 559/752-4182.   

You may also write to Mr. Price at Tipton Community Services District, P. O. Box 266, Tipton, CA  93272. We want our customers to be 
informed about their water utility. If you want to learn more, please attend any of our regularly scheduled meetings. They are held the first 
Tuesday of each month at 7:00 p.m., at 263 S. Graham Rd. in Tipton. 

The following are definitions of some of the TERMS USED IN THIS REPORT: 

Maximum Contaminant Level (MCL): The highest level of 
a contaminant that is allowed in drinking water. Primary 
MCLs are set as close to the PHGs (or MCLGs) as is 
economically and technologically feasible. Secondary MCLs 
are set to protect the odor, taste, and appearance of 
drinking water. 
 
Maximum Contaminant Level Goal (MCLG): The level of a 
contaminant in drinking water below which there is no 
known or expected risk to health. MCLGs are set by the 
U.S. Environmental Protection Agency (USEPA). 
 
Public  Health  Goal  (PHG):  The  level  of  a contaminant 
in drinking water below which there is no known or 
expected risk to health. PHGs are set by the California 
Environmental Protection Agency. 
 
Maximum Residual Disinfectant Level (MRDL): The 
highest level of a disinfectant allowed in drinking water. 
There is convincing evidence that addition of a disinfectant 
is necessary for control of microbial contaminants. 
 
Maximum Residual Disinfectant Level Goal (MRDLG): 
The level of a drinking water disinfectant below which 
there is no known or expected risk to health. MRDLGs do 
not reflect the benefits of the use of disinfectants to control 
microbial contaminants. 
 
Primary Drinking Water Standards (PDWS): MCLs and 
MRDLs for contaminants that affect health along with their 
monitoring and reporting requirements, and water 
treatment requirements. 

Secondary Drinking Water Standards (SDWS): MCLs for 
contaminants that affect taste, odor, or appearance of the drinking water.  
Contaminants with SDWSs do not affect the health at the MCL levels. 
 
Treatment Technique (TT):  A required process intended to reduce the 
level of a contaminant in drinking water. 
 
Regulatory Action Level (AL): The concentration of a contaminant 
which, if exceeded, triggers treatment or other requirements that a water 
system must follow. 
 
Variances and Exemptions:   State Board permission to exceed an MCL 
or not comply with a treatment technique under certain conditions. 
 
Level 1 Assessment:  A Level 1 assessment is a study of the water system 
to identify potential problems and determine (if possible) why total 
coliform bacteria have been found in our water system. 
 
Level  2  Assessment:   A  Level  2  assessment  is  a  very detailed study 
of the water system to identify potential problems and determine (if 
possible) why an E. coli MCL violation  has  occurred  and/or  why  total  
coliform bacteria have been found in our water system on multiple 
occasions. 
 
N/A: Not applicable 
ND: not detectable at testing limit 
ppm: parts per million or milligrams per liter (mg/L)  
ppb: parts per billion or micrograms per liter (µg/L)  
ppt: parts per trillion or nanograms per liter (ng/L)  
ppq: parts per quadrillion or picogram per liter (pg/L)  
pCi/L: picocuries per liter (a measure of radiation) 

In general, sources of drinking water (both tap water and bottled water) may include rivers, lakes, streams, ponds, reservoirs, springs 
and wells. As water travels over the surface of the land or through the ground, it dissolves naturally-occurring minerals and, in some cases, 
radioactive material and can pick up substances resulting from the presence of animals or from human activity. 
Constituents that may be present in source water to contamination levels include: 

• Microbial contaminants, such as viruses and bacteria that may come from sewage treatment plants, septic systems, agricultural 
livestock operations and wildlife. 
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• Inorganic contaminants, such as salts and metals, that can be naturally-occurring or result from urban stormwater runoff, industrial 
or domestic wastewater discharges, oil and gas production, mining or farming.   

• Pesticides and herbicides, which may come from a variety of sources such as agriculture, urban stormwater runoff and residential 
uses. 

• Organic chemical contaminants, including synthetic and volatile organic chemicals, that are byproducts of industrial processes and 
petroleum production and can also come from gas stations, urban stormwater runoff, agricultural application, and septic systems. 

• Radioactive contaminants, which can be naturally occurring or the result of oil and gas production and mining activities. 
 

In order to ensure that tap water is safe to drink, the U. S. Environmental Protection Agency (USEPA) and the State Water 
Resources Control Board – Division of Drinking Water (DDW) prescribe regulations that limit the amount of certain contaminants in water 
provided by public water systems. DDW regulations also establish limits for contaminants in bottled water that must provide the same 
protection for public health. 
 
If present, elevated levels of lead can cause serious health problems, especially for pregnant women and young children. Lead in 
drinking water is primarily from materials and components associated with service lines and home plumbing. Tipton Community Service 
District is responsible for providing high quality drinking water, but cannot control the variety of materials used in plumbing components. 
When your water has been sitting for several hours, you can minimize the potential for lead exposure by flushing your tap for 30 seconds 
to 2 minutes before using water for drinking or cooking. If you are concerned about lead in your water, you may wish to have your water 
tested. Information on lead in drinking water, testing methods and steps you can take to minimize exposure is available from the Safe 
Drinking Water Hotline or at http://www.epa.gov/safewater/lead. 
 

The tables below and on the following page list all of the drinking water constituents that were detected during the most 
recent samplings for the constituent. The presence of these constituents in the water does not necessarily indicate that the water poses a 
health risk. The DDW requires us to monitor for certain constituents less than once per year because the concentrations of these 
constituents are not expected to vary significantly from year to year. Some of the data, though representative of the water quality, are 
therefore more than one year old.  

S A M P L I N G  R E S U L T S  S H O W I N G  T H E  D E T E C T I O N  O F  C O L I F O R M  B A C T E R I A  
Microbiological Contaminants  Highest 

No. of detections 
No. of 

months in 
violation 

MCL MCLG Typical Source of Contamination 

Total Coliform Bacteria  1 0 1 positive monthly 
sample  

0 Naturally present in the 
environment 

Total Coliform: Coliforms are bacteria that are naturally present in the environment and are used as an indicator that other, potentially harmful, 
bacteria may be present. The District provides for continuous chlorination of the distribution system. The new Federal Ground Water Rule (GWR) 
requires that each groundwater source must be sampled when a routine distribution bacteriological sample shows the presence of coliform 
bacteria. The District collects two (2) samples per month. One sample in the month of March was positive for the presence of Coliforms, but all 
samples prior and after that date showed no detection of coliforms. 

 
 

T E S T   R E S U L T S   ( A )  
 

Lead and 
Copper 

Rule 

No. of 
samples 
collected 

MCLG Action  
Level 

90th percentile 
level detected 

No. Sites 
Exceeding 

Action 
Level 

Number of Schools 
Requesting Lead 

Sampling  

Typical Source of Contamination 

Lead (ppb) 
2018 
 

10 2 15 ND 0 1 Internal corrosion of household water 
plumbing systems; discharges from 
industrial manufacturers; erosion of 
natural deposits 

Copper 
(ppm)     
2018 

10 0.17 1.3 ND 0 N/A Internal corrosion of household plumbing 
systems; erosion of natural deposits; 
leaching from wood preservatives 

 
 

Radioactive Contaminants 
Constituent MCL PHG 

(MCLG) 
Sample  

Date 
Average Level 

Detected  
Range (B) Likely Source of  

Contamination 

Gross Alpha Activity (pCi/L) (B)  15 N/A 2011 & 2017 2.84 2.65 to 3.02 Erosion of natural deposits 
 
 
 
 
 
 
 
 

http://www.epa.gov/safewater/lead
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SAMPLING RESULTS FOR SODIUM AND HARDNESS  
Constituent MCL PHG 

[MCLG] 
Sample 

Date 
Average Level 

Detected  
Range Likely Source of Contamination 

Hardness (ppm)  None None 8/18/16 15 13 to 16 Generally found in ground and surface water 
Sodium (ppm)   None None 8/18/16 52 N/A Generally found in ground and surface water 
 
 

DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD  
Constituent MCL PHG 

[MCLG] 
Sample 

Date 
Average Level 

Detected  
Range Likely Source of Contamination 

Aluminum (ppb) 1000 600 8/18/16 107 74 to 140 Erosion of natural deposits; residue from some surface 
water treatment processes 

Arsenic (ppb) 10 0.004 2018 4.2 ND to 6.1(C) Erosion of natural deposits; runoff from orchards; glass 
and electronics production wastes 

Fluoride (ppm)   2 1 8/18/16 0.17 0.13 to 0.20 Erosion of natural deposits; water additive which 
promotes strong teeth; discharge from fertilizer and 
aluminum factories 

Nitrate as N 
(ppm) 

10 10 2018 6.3 2.3 to 9.9(D) Runoff and leaching from fertilizer use; leaching from 
septic tanks, sewage; erosion of natural deposits 

 
 

DETECTION OF CONTAMINANTS WITH A SECONDARY DRINKING WATER STANDARD  
Constituent MCL Sample 

Date 
Average  

Level  
Detected  

Range Likely Source of Contamination 

Chloride (ppm)  500 8/18/16 13.5 10 to 17 Runoff/leaching from natural deposits; seawater 
influence  

Specific Conductance (µS/cm)  1600 8/2/17 355 260 to 450 Substances that form ions when in water; seawater 
influence  

Sulfate (ppm) 500 8/18/16 11 8 to 14 Runoff/leaching from natural deposits; industrial wastes 
Total Dissolved Solids (TDS) 
(ppm)  

1000 8/18/16 84 68 to 100 Runoff/leaching from natural deposits  

Turbidity (Units)  5 8/18/16 0.95 0.89 to 1.0 Soil runoff  

 

DETECTION OF SYNTHETIC ORGANIC CONTAMINANTS INCLUDING PESTICIDES & HERBICIDES  
Constituent MCL PHG 

[MCLG] 
Sample 

Date 
Average 

Level 
Detected  

Range Likely Source of Contamination 

Trichloropropane (E) 
(1,2,3-TCP) (ppt) 

5 0.7 2018 ND N/A Discharge from industrial and agricultural chemical factories; 
leaching from hazardous waste sites; used as cleaning and 
maintenance solvent, paint and varnish remover, and cleaning and 
degreasing agent; byproduct during the production of other 
compounds and pesticides.  

(A) Results reported due to regulatory requirement or detection of a constituent.  
(B) Results reported include amounts that are less than the State Water Resources Control Board – Division of Drinking Water 

(DDW) required detection level for this constituent. 
(C) ABOUT ARSENIC: While your drinking water meets the current EPA standard for arsenic, it does contain low levels of arsenic. The 

standard balances the current understanding of arsenic’s possible health effects against the costs of removing arsenic from 
drinking water. The California State Water Resources Control Board – Division of Drinking Water (DDW) continues to research 
the health effects of low levels of arsenic, which is a mineral known to cause cancer in humans at high concentrations and is 
linked to other health effects such as skin damage and circulatory problems. 

(D) ABOUT NITRATE: Nitrate in drinking water at levels above 10 mg/L (as N) is a health risk for infants of less than six months of 
age. Such nitrate levels in drinking water can interfere with the capacity of the infant’s blood to carry oxygen, resulting in a 
serious illness; symptoms include shortness of breath and blueness of the skin. Nitrate levels as N that are above 10 mg/L may 
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also affect the ability of the blood to carry oxygen in other individuals, such as pregnant women and those with certain specific 
enzyme deficiencies. If you are caring for an infant, or you are pregnant, you should ask advice from your health care provider. 

(E) ABOUT 1,2,3-TCP:  Some people who drink water containing 1,2,3-trichloropropane (1,2,3-TCP) in excess of the MCL over many 
years may have an increased risk of getting cancer. 1,2,3-TCP had a notification level (NL) of 5 ppt until December 14, 2017, 
when the MCL of 5 ppt became effective. 

                           
Disinfection Byproducts and Disinfectant Residuals 

 Chemical or Constituent 
(and reporting units) 

MCL 
[MRDL] 

PHG MCLG 
[MRDLG] 

Sample 
Date 

Running 
Annual 

Average 

Range Major Sources in  
Drinking Water 

TTHM 
[Total Trihalomethanes] (ppb) 

80 N/A N/A 8/16/2018 < 3.9 N/A  Byproduct of drinking water 
chlorination 

HAA5 
[Haloacetic Acids]  (ppb)  

60 N/A N/A 8/16/2018  < 6 N/A  Byproduct of drinking water 
disinfection 

Chlorine as CL2 (ppm) [4.0] N/A [4] 2018 0.75 0.36 to 1.14 Some people who use water 
containing chlorine well in 
excess of the MRDL could 
experience irritating effects 
to their eyes and nose or 
stomach discomfort. 

       

 
Additional General Information On Drinking Water 

 
All drinking water, including bottled water, may reasonably be expected to contain at least small amounts of some constituents. The 
presence of constituents does not necessarily indicate that the water poses a health risk. More information about constituents, 
contaminant levels and potential health effects can be obtained by calling the Environmental Protection Agency’s Safe Drinking Water 
Hotline at 1/800/426-4791 or visiting http://www.epa.gov/safewater/hfacts.html. 
 
Some people may be more vulnerable to contaminants in drinking water than the general population. Immuno-compromised persons such 
as persons with cancer undergoing chemotherapy, persons who have undergone organ transplants, and people with HIV/AIDS or other 
immune system disorders and some elderly and infants can be particularly at risk from infections. These people should seek advice about 
drinking water from their health care providers. USEPA/Centers for Disease Control (CDC) guidelines on appropriate means to lessen the 
risk of infection by cryptosporidium and other microbiological contaminants are available from the Safe Drinking Water Hotline 1/800/426-
4791. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

http://www.epa.gov/safewater/hfacts.html
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December 17, 2019 (Revised GSI 4-page Memo)  
 
Rogelio Caudillo, Interim Executive Director  
Eastern Tule GSA (info@easterntulegsa.com)  
881 W. Morton Avenue, Suite D 
Porterville, CA  93257 
 
Eric Limas, General Manager 
Lower Tule River Irrigation District GSA (ltridgsp@ltrid.org) 
357 E. Olive Avenue 
Tipton, CA  93272 
 
Eric Limas, General Manager 
Pixley Irrigation District GSA (pixleygsp@ltrid.org) 
357 E. Olive Avenue 
Tipton, CA  93272 
 
Dale Brogan (dbrogan@deid.org) 
Delano Earlimart Irrigation District GSA 
14181 Avenue 24 
Delano, CA 93215 
 
Deanna Jackson, Executive Director (djackson@tcwater.org) 
Tri-County Water Authority GSA 
944 Whitley Avenue, Suite E 
Delano, CA  93215 
 
David Kahn, Esq. (dkahn@kschanford.com) 
Alpaugh GSA 
219 N. Douty Street 
Hanford, CA  93230 
 
RE: Public Comments to Tule Basin Groundwater Sustainability Plans (GSP) 
 
To Whom It May Concern,  
 
The letter concerns the Groundwater Sustainability Plans (GSPs) that have been 
drafted by each of the agencies addressed in this letter pursuant to the Sustainable 
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Groundwater Management Act (Water Code § 10720 et seq.) (“SGMA”).  The GSPs 
are referred to herein collectively as the “Tule Subbasin GSPs”. 
 
SGMA regulations are set forth in Title 23 of the California Code of Regulations. 23 
CCR § 350.4(f) (General Principles) state a GSP “will be evaluated, and its 
implementation assessed, consistent with the objective that a basin be sustainably 
managed within 20 years of Plan implementation without adversely affecting the ability 
of an adjacent basin to implement its Plan or achieve and maintain its sustainability 
goal over the planning and implementation horizon.”  (Emphasis added.)  
Furthermore, 23 CCR § 354.28 (Minimum Thresholds) states a GSP must describe 
“how minimum thresholds have been selected to avoid causing undesirable results in 
adjacent basins or affecting the ability of adjacent basins to achieve sustainability 
goals.” There are other sections that speak to similar requirements regarding adjacent 
basins (e.g., §§ 354.34, 354.38, 355.4). 
 
As you are well aware, there are at least two (2) Kern County water districts, Arvin-
Edison Water Storage District and Shafter-Wasco Irrigation District (collectively 
referred to as “Friant Districts”), that have contracts for 441,275 acre-feet of water 
service with the United States Department of Interior’s Bureau of Reclamation 
(Reclamation) from Millerton Lake located in Fresno/Madera County that is 
subsequently conveyed through the Friant-Kern Canal (FKC).   
 
The Friant Districts encompass over 170,000 acres within the Kern Subbasin, which 
is adjacent to and just south of the Tule Subbasin. The Friant Districts are 
concerned that the minimum thresholds in the Tule Subbasin GSPs as currently 
drafted are not protective of the beneficial water users downstream of the Tule 
Subbasin and will negatively impact the Friant Districts by limiting their ability 
to receive significant quantities of their contracted surface water imports due 
to past and ongoing subsidence within the Tule Subbasin. Historically, the 
surface water imports into Kern County from the FKC have enabled the Friant Districts 
to achieve sustainable groundwater conditions. Unlike declines in groundwater levels, 
subsidence is a largely irreversible process and therefore once they occur impacts to 
the FKC from subsidence cannot be reversed, only mitigated through costly 
infrastructure repairs. 
 
While the Tule Subbasin GSPs did not report loss of water supply from continued 
subsidence, the Friant Water Authority (FWA) in coordination with others, has 
completed a draft feasibility study and performed engineering estimates that are 
detailed in the attached “Friant-Kern Canal Middle Reach Capacity Correction Project 
Draft Recommended Plan Report” (Report), with current FKC repairs being in excess 
of $500 million. The Report estimated a projected average annual loss of up to 
145,000 acre-feet per year of surface supply caused by continued land subsidence 
and the corresponding reduction in the conveyance capacity of the FKC (Report Table 
5-4). However, during wet years, similar to 2017 and 2019, FWA has estimated the 
water supply losses to be nearly 300,000 acre-feet in both wet years, which figure 
would be significantly higher with an additional 3 feet of subsidence. Under such 
conditions of continued subsidence, the Friant Districts’ imported surface water 
supplies through the FKC will be restricted such that the Friant Districts’ ability to 
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contribute to the sustainable management of the Kern Subbasin will be greatly 
compromised.  The continued subsidence negatively impacts the Friant Districts and 
does not comport with the SGMA regulations, which therefore violates the following, 
including without limitation: 23 CCR §§ 350.4(f), 354.28, and 355.4(b)(7). 
  
Friant Districts take great exception to the Tule Subbasin GSPs that assume up to a 
maximum of 3 feet of additional subsidence along the FKC (as well as up to nearly 
9 additional feet of subsidence in other areas in the Tule Subbasin). While the GSPs 
did not calculate the amount of FKC capacity loss from such 3 feet drop in elevation, 
the FWA estimated the capacity reduction to be 1,140 cfs (or 460 cfs drop from current 
conditions and 2,860 cfs from original design of 4,000 cfs) (Report Figure 5-2). Given 
current conditions that already restrict FKC deliveries, any further subsidence would 
be significant and unreasonable and substantially interfere with surface land uses.  
(See Water Code § 10721(x)(5)).  Consequently, the Friant Districts recommend 
the Tule Subbasin GSPs include immediate management actions that provide 
for no additional subsidence (0 feet) beyond that “legacy” subsidence1 which 
would occur if pumping were to cease immediately. No analysis was undertaken 
to demonstrate how minimum thresholds for subsidence would impact the FKC and 
affected interests of beneficial users of groundwater or land uses and property 
interests. Furthermore, the analysis conducted to establish minimum thresholds in the 
Tule Subbasin GSPs relies on modeling for which sufficient uncertainty and sensitivity 
analysis have not been completed, or at the very least are not presented. Given the 
inherent uncertainty in the subsidence model, use of a safety factor in establishing 
minimum thresholds is warranted. 
 
The Friant Districts’ note that in addition to negative impacts to the Friant Districts’ 
water supply, other FKC contractors that are located upstream of the Tule Subbasin 
will also experience negative financial impacts as a result of the FWA’s FKC 
Operations & Maintenance (O&M) cost recovery methodology, which methodology is 
essentially based on actual deliveries. With continued subsidence in the Tule 
Subbasin, the Friant Districts’ deliveries will be reduced and therefore northern FKC 
contractors’ prorata share of the FKC O&M will increase.  
 
In addition to the continued 3-foot subsidence allowance, the Tule Subbasin GSPs 
define an Undesirable Result for subsidence to occur when subsidence minimum 
thresholds are exceeded at greater than 50% of Representative Monitoring Sites 
(RMS) on a Management Area basis. This definition would allow exceedances of 
minimum thresholds at multiple RMS (e.g., 3 out of 7 RMS along the FKC in the 
Eastern Tule GSA area) without it being deemed an Undesirable Result.  Friant 
Districts’ recommend an Undesirable Result at just 1 RMS. In addition to changing the 
threshold, provided that the FKC is critical infrastructure, Friant Districts recommend 
that the Tule Subbasin GSPs incorporate additional RMS, located at one-mile intervals 
or less, along the FKC that spans the entire length of the Tule Subbasin. However, 

 
1 “Legacy” subsidence here refers to subsidence resulting from ongoing depressurization and compaction of 
compressible subsurface units due to historical groundwater pumping and groundwater level declines. Based 
on the physical characteristics of the compressible subsurface units in the Tule Subbasin, such “legacy” 
subsidence would be expected to continue for a period of up to approximately two years if groundwater 
pumping were to cease immediately (see attached letter from Dr. Chin Man Mok, GSI Environmental Inc.).  
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the GSPs do not clarify the projects or management actions that would be taken 
to avoid such Undesirable Results.   

 
The GSPs contemplate the continued overdraft conditions (aka “transitional pumping”) 
through the implementation period of 2040, which has been modelled by the Tule 
Subbasin to cause subsidence. However, the Tule Subbasin GSPs (except one) do 
not propose any form of mitigation. (See CCR 23 § 354.44) In that regard, the Friant 
Districts’ appreciate the Delano-Earlimart Irrigation District’s (DEID) Policy Point #8 
(Transitional Pumping), which states unmitigated transitional pumping within the Tule 
Subbasin would not be supported by DEID, and DEID’s treatment of the Western 
Management Area covering non-districted or “white lands”, which states transitional 
pumping would be subject to mitigation fees.  
 
It shall be noted that the Tule Subbasin Coordination Agreement states the following 
regarding FKC subsidence: 

o “…may result in an interim loss of benefit to the users of such 
infrastructure…” 

o “…exceedance of minimum thresholds…could likely induce financial 
hardship on land and property interest…” 

 
Given the acknowledged effects of continued subsidence proximate to the FKC, 
management actions expressly required to avoid and mitigate such impacts are 
promptly required. (See CCR  23, § 355.4 and Water Code § 10720.1(e).)  
Additional observations about the GSP, including review of subsidence information 
from local experts, is detailed in the attached is EKI Environment and Water and GSI 
Environmental Technical memorandums.  
 
  





 
 

Corporate Office 
577 Airport Boulevard, Suite 500 

Burlingame, CA 94010 
(650) 292-9100 

ekiconsult.com 

 
 Corporate Office - Burlingame, CA (650) 292-9100 ● Oakland, CA ● Davis, CA ● Sacramento, CA ● Irvine, CA  

El Segundo, CA ● Centennial, CO ● Salem, NH ● Saratoga Springs, NY  

16 December 2019 

 

To:    Jeevan Muhar, Arvin‐Edison Water Storage District (AEWSD) 
    Dana Munn, Shafter‐Wasco Irrigation District (SWID) 
 
From:    Anona Dutton, P.G., C.Hg., EKI Environment & Water, Inc. (EKI) 
    Christopher Heppner, Ph.D., P.G., EKI 
 
Subject:  Review and Comment on Treatment of Subsidence in Draft Tule Subbasin 

Groundwater Sustainability Plans, Particularly in the Vicinity of the Friant‐Kern 
Canal 
(EKI B60064.03) 

 

Dear Messrs. Muhar and Munn, 
 
EKI Environment & Water,  Inc.  (EKI) has  conducted a  review of  selected draft Tule  Subbasin 
Groundwater  Sustainability  Plans  (GSPs)  with  respect  to  their  treatment  of  subsidence, 
particularly in the vicinity of the Friant‐Kern Canal (FKC). This review was conducted on behalf of 
the  Arvin‐Edison  Water  Storage  District  (AEWSD)  and  the  Shafter‐Wasco  Irrigation  District 
(SWID),  collectively  referred  to  herein  as  “Friant  Districts”.  Our  review  encompassed  the 
following documents, collectively referred to herein as the “Tule Subbasin GSPs”: 
 

1. Eastern Tule Groundwater Sustainability Agency, Tule Subbasin, Sustainable Groundwater 
Management Act Groundwater Sustainability Plan, September 2019.1 

2. Delano‐Earlimart  Irrigation District Groundwater  Sustainability Agency,  Tule  Subbasin, 
Sustainable Groundwater Management Act Groundwater Sustainability Plan, November 
15, 2019, 1st Revision.2 

3. Alpaugh Groundwater  Sustainability Agency, Groundwater  Sustainability  Plan, DRAFT, 
October 2019.3 

4. Lower Tule River  Irrigation District Groundwater  Sustainability Agency, Tule  Subbasin, 
Sustainable Groundwater Management Act Groundwater Sustainability Plan, September 
2019.4 

                                                       

1 “ETGSA Draft GSP_19.10.2.pdf” obtained from https://easterntulegsa.com/gsp/ on 10/22/2019. 
2 “0.1‐DEIDGSA Draft GSP (Full Document)_11.15.19_Rev1.pdf” obtained from https://deid.org/gsa/ on 
12/11/2019. 
3 “Alpaugh_GSP_2019 DRAFT with appendices.pdf” obtained from https://alpaughgsa.com/ on 11/11/2019. 
4 “LTRID GSA Draft GSP_10.2.19.pdf” obtained from http://www.ltrid.org/sgma/#gsp on 11/7/2019. 
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5. Pixley  Irrigation District Groundwater Sustainability Agency, Tule Subbasin, Sustainable 
Groundwater Management Act Groundwater Sustainability Plan, September 2019.5 

6. Tri‐County Water Authority, Groundwater Sustainability Plan, December 2019.6 

a. Addendum No. 1 to Tri‐County Water Authority, Groundwater Sustainability Plan, 
dated September 25, 2019.7 

This letter is structured as follows: First, relevant background information is presented regarding 
the Tule Subbasin Groundwater Sustainability Agencies  (GSAs),  the coordination amongst  the 
GSAs, and  the FKC. Next, we provide a set of specific comments on  the reviewed documents 
related to the topic of subsidence. Comments are organized by topic and are prefaced by specific 
background information relevant to that topic. In some cases, comments are further refined to 
address issues identified in those three GSPs that cover lands that are “adjacent” to the FKC as 
well as issues identified in the other GSPs that cover lands that are “non‐adjacent” to the FKC but 
still have the potential to impact the FKC (i.e., critical infrastructure).8 The FKC should reasonably 
be considered as one of the “land uses and property  interests that have been affected or are 
likely to be affected by land subsidence in the basin” per 23 CCR § 354.28(c)(5)(A). 

GENERAL BACKGROUND INFORMATION 

Tule Subbasin GSAs 

There are seven GSAs within the Tule Subbasin: 

 “Adjacent” GSAs 

o Delano‐Earlimart GSA (DEIDGSA) 

o Eastern Tule GSA (ETGSA) 

o Lower Tule River Irrigation District GSA (LTRIDGSA) 

 “Non‐adjacent” GSAs 

o Alpaugh GSA (AGSA) 

o Pixley Irrigation District GSA (PIDGSA) 

                                                       

5 “Draft PixID GSA GSP_10.27.19.pdf” obtained from http://www.ltrid.org/sgma/#gsp on 11/7/2019. 
6 “GSP PUBLIC DRAFT MASTER B‐3 REVISIONS_FINAL_120419.pdf” obtained from https://tcwater.org/ on 
12/11/2019. 
7 “TCWA‐GSP‐Addendum‐No.‐1.pdf” obtained from https://tcwater.org/ on 11/7/2019. 
8 The DWR DRAFT Sustainable Management Criteria Best Management Practices (BMP) document 
(https://water.ca.gov/‐/media/DWR‐Website/Web‐Pages/Programs/Groundwater‐Management/Sustainable‐
Groundwater‐Management/Best‐Management‐Practices‐and‐Guidance‐Documents/Files/BMP‐6‐Sustainable‐
Management‐Criteria‐DRAFT_ay_19.pdf) states that “A GSA may decide, for example, that localized inelastic land 
subsidence near critical infrastructure (e.g., a canal) and basinwide loss of domestic well pumping capacity due to 
lowering of groundwater levels are both significant and unreasonable conditions.” 
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o Tri‐County Water Authority GSA (TCWAGSA) 

o Tulare County GSA 

The map figure below shows the jurisdictional boundaries of the seven GSAs in the Tule Subbasin, 
as well as the location of the FKC. The DEIDGSA, the ETGSA, and the LTRIDGSA cover lands that 
underlie  portions  of  the  FKC,  and  for  the  purposes  of  this  comment  letter  are  classified  as 
“adjacent” GSAs. The remaining four GSAs cover lands that do not underlie the FKC and are thus 
considered  “non‐adjacent”,  but  still  have  the  potential  to  impact  the  FKC  indirectly  through 
management actions related to groundwater supply, demand, and level management. 

Figure 3‐2 from the ETGSA GSP 

 

Tule Subbasin Coordination Agreement 

The seven Tule Subbasin GSAs have developed six coordinated GSPs9, with certain key elements 
contained  in  a draft Tule  Subbasin Coordination Agreement  (TSCA). The  version of  the TSCA 
available at the time of this review is dated 9/16/2019. The key elements in the TSCA include: 

                                                       

9 According to the Tule Subbasin Coordination Agreement (Section 1.2), the Tulare County GSA has entered into 
Memoranda of Understanding concerning coverage of territories under adjacent GSPs, and is therefore not 
preparing its own GSP. 
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 Coordinated Data and Methodologies for groundwater elevation and extraction, surface 
water supply, total water use, change in groundwater storage, and water budgets; 

 Sustainable  Management  Criteria,  including  Undesirable  Results  (but  not  Minimum 
Thresholds, Measurable Objectives, and Interim Milestones); 

 Monitoring Protocols, Networks, and Identification of Data Gaps; and, 

 Implementation of GSPs. 

The TSCA includes the following two attachments: 

 Attachment 1: Tule Subbasin Monitoring Plan 

 Attachment 2: Tule Subbasin Setting 

Comments herein that pertain to topics covered in the TSCA are generally applicable to all Tule 
Subbasin GSAs, including the adjacent and non‐adjacent GSAs, unless otherwise noted. 

Friant‐Kern Canal (FKC) 

The  FKC  is  a  152‐mile  long  canal  that  forms  the  backbone  of  the  United  States  Bureau  of 
Reclamation  (USBR) Central Valley Project’s  (CVP) Friant Division. The FKC conveys CVP Friant 
Division water  from the Division’s primary storage reservoir, Millerton Lake  (formed by Friant 
Dam on the San Joaquin River), southwards to CVP Friant Division contractors within the Fresno, 
Kings,  Kaweah,  Tule  and  Kern  County  Subbasins,  including  to  the  Friant Districts.  The  Friant 
Districts  collectively hold CVP  contracts  totaling 90,000 acre‐feet  (AF) of Class 1 Friant water 
(11.25% of the total Class 1) and 351,275 AF of Class 2 Friant water (25.0647% of the total Class 
2 amount) (Friant Water Authority, 2019)10. As such, the Friant water supplies delivered through 
the FKC are critical to the ability of the Friant Districts to maintain and/or achieve sustainability 
within their service areas.  

To date, subsidence along the FKC has  impacted  its conveyance capacity by 60 percent (Friant 
Water Authority, 2019).11 As such, the Friant Districts have already  lost access to a significant 
volume of  their surface water supply, which has exacerbated groundwater  issues  in  the Kern 
County Subbasin. Any further reduction in this critical surface water supply due to conveyance 
restrictions will  impact  the  ability of  the  Friant Districts  to  support  sustainable  groundwater 
management locally and will impact the Kern County Subbasin’s ability to implement its Plan and 
achieve and maintain its sustainability goal over the planning and implementation horizon. 

                                                       

10 Future Friant Division Supplies Tech Memo, https://friantwater.org/s/Future‐Friant‐Supplies‐TM_20181228.pdf. 
Friant District contract amounts: Class 1 contracts: AEWSD: 40,000 AFY (5% of total Class 1), SWID: 50,000 AFY 
(6.25% of total Class 1). Class 2 contracts: AEWSD: 311,675 (22.2391% of total Class 2), SWID: 39,600 AFY (2.8256% 
of total Class 2). 
11 Friant Kern Canal Subsidence Fact Sheet, https://friantwater.org/s/Friant_Subsience_Impacts_Brochure.pdf 
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As shown in the figure above, the FKC passes through the eastern portion of the Tule Subbasin, 
primarily through the areas of the ETGSA and the DEIDGSA (with a small segment passing through 
the  LTRIDGSA area).  For  this  reason,  some of  the  comments herein  focus  specifically on  the 
treatment of subsidence  in the DEIDGSA GSP, the ETGSA GSP and the LTRIDGSA GSP (i.e., the 
“adjacent” GSPs). However, given the critical importance of the FKC to the region’s water supply, 
the comments pertain as well to the other GSPs prepared by the other Tule Subbasin GSAs (i.e., 
the “non‐adjacent” GSPs) as they also have potential ability to impact the canal. 

SELECTED COMMENTS 

Based upon our review, we have the following comments, organized by topic. 

1. Regarding Tule Subbasin Sustainability Goal 

Background 

Section 4.2 of the TSCA presents the Sustainability Goal for the Tule Subbasin, as follows: 

“Pursuant to 23 Cal. Code Regs. §357.24, the Sustainability Goal of the Tule 
Subbasin is defined as the absence of significant and unreasonable undesirable 
results associated with groundwater pumping, accomplished by 2040 and 
achieved through a collaborative, Subbasin‐wide program of sustainable 
groundwater management by the various Tule Subbasin GSAs.    

Achievement of this goal will be accomplished through the coordinated effort of 
the Tule Subbasin GSAs in cooperation with their many stakeholders.  It is 
further the goal of the Tule Subbasin GSAs that coordinated implementation of 
their respective Groundwater Sustainability Plans will achieve sustainability in a 
manner that facilitates the highest degree of collective economic, societal, 
environmental, cultural, and communal welfare and provides all beneficial uses 
and users the ability to manage the groundwater resource at least cost.  
Moreover, this coordinated implementation is anticipated to ensure that the 
sustainability goal, once achieved, is also maintained through the remainder of 
the 50‐year planning and implementation horizon, and well thereafter.  

In achieving the Sustainability Goal, these Plans will inherently balance average 
annual inflows and outflows of water so that negative change in storage does 
not occur over time. The stabilization in change in storage should also drive 
stable groundwater elevations, which, in turn, works to inhibit water quality 
degradation and arrest land subsidence.” 
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Comment: The Sustainability Goal in the TSCA and the Tule Subbasin GSPs is not fully consistent 
with the General Principles laid forth in the GSP Regulations. 

This comment pertains  to all of  the Tule Subbasin GSPs  (i.e., both  the adjacent and  the non‐
adjacent GSPs), as they all employ the same basin‐wide definition of the Sustainability Goal found 
in the TSCA. 

Under the GSP Emergency Regulations (Title 23 of the California Code of Regulations; 23 CCR) § 
350.4(f), “a Plan will be evaluated, and its implementation assessed, consistent with the objective 
that a basin be sustainably managed within 20 years of Plan implementation without adversely 
affecting  the  ability  of  an  adjacent  basin  to  implement  its  Plan  or  achieve  and maintain  its 
sustainability goal over the planning and  implementation horizon.” The Sustainability Goal for 
the Tule Subbasin (Section 4.2 of the TSCA) does not mention ensuring that the GSPs prepared 
by GSAs within and for the Tule Subbasin will not adversely affect the ability of an adjacent basin 
to  implement  its  Plan  or  achieve  and maintain  its  sustainability  goal  over  the  planning  and 
implementation  horizon.  Therefore,  the  Sustainability  Goal  does  not  reflect  the  General 
Principles of the GSP Emergency Regulations. 

2. Regarding Undesirable Results Definitions 

Background 

This comment pertains  to all of  the Tule Subbasin GSPs  (i.e., both  the adjacent and  the non‐
adjacent GSPs), as they all employ the same basin‐wide definition of Undesirable Results found 
in the TSCA. 

Section 4.3 of the TSCA asserts that four of the six Sustainability Indicators are relevant to the 
Tule  Subbasin:  (1)  Chronic  Lowering  of  Groundwater  Levels,  (2)  Reduction  of  Groundwater 
Storage, (3) Degraded Water Quality, and (4) Land Subsidence. Section 4.3.4 of the TSCA provides 
the basin‐wide definition of Undesirable Results for Land Subsidence. 

Section 4.3.4.1 of the TSCA states: 

“Land subsidence shall be considered significant and unreasonable if there is a 
loss of a functionality of a structure or a facility to the point that, due to 
subsidence, the structure or facility cannot reasonably operate without either 
significant repair or replacement.” 

Section 4.3.4.2 of the TSCA further states: 

“the criteria for an undesirable result for land subsidence is defined as the 
unreasonable subsidence below minimum thresholds at greater than 50% of GSA 
Management Area [Representative Monitoring Sites] RMS resulting in significant 
impacts to critical infrastructure.” 

Section 4.3.4.3 of the TSCA further states: 
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“the avoidance of an undesirable result of land subsidence is to protect critical 
infrastructure for the beneficial uses within the Tule Subbasin, including 
excessive costs to fix, repair, or otherwise retrofit such infrastructure and may 
also result in an interim loss of benefits to the users of such infrastructure.” 

Comment: The definition of Undesirable Results in the TSCA and the Tule Subbasin GSPs is not 
compliant with the GSP Regulations. 

This comment pertains  to all of  the Tule Subbasin GSPs  (i.e., both  the adjacent and  the non‐
adjacent GSPs), as they all employ the same basin‐wide definition of Undesirable Results found 
in the TSCA. 

Currently portions of the FKC have already experienced a 60 percent reduction of capacity due 
to subsidence (see Section 3.2 of the ETGSA Joint Powers Authority [JPA] Communication and 
Engagement  Plan;  Section  III.B.3  of  the  DEIDGSA  Communication  &  Engagement  Plan).  The 
Undesirable Results definition for Land Subsidence (Section 4.3.4.1 of the TSCA) does not provide 
a clear statement regarding whether the loss of FKC capacity to date is considered “significant 
and unreasonable”. The TSCA also does not quantify how much additional capacity loss would be 
allowed by  the GSAs before  they would determine  that  the FKC  “cannot  reasonably operate 
without either significant repair or replacement”. The Friant Districts maintain that the current 
60 percent  loss  in FKC capacity  is significant and unreasonable and that already the FKC  is not 
able to reasonably operate without either significant repair or replacement. As such, the current 
condition meets the definition of an “Undesirable Result” and must be addressed. 

As discussed further below under Comment #5, the Minimum Thresholds (MTs) for subsidence 
in the ETGSA GSP and DEIDGSA GSP allow for between 1.3 and 3.0 feet of additional subsidence 
at  the eight Representative Monitoring Sites  (RMS) along  the FKC. The MT established  in  the 
LTRIDGSA GSP for the RMS closest to the FKC (RMS location W) would allow for up to 2.55 feet 
of additional subsidence. Any additional subsidence and subsequent  loss of FKC capacity (and 
surface water supply) will adversely affect the ability of the Kern County Subbasin (which includes 
the Friant Districts) to implement its Plan or achieve and maintain its sustainability goal over the 
planning  and  implementation  horizon.  As  such  the  MT  definitions  in  the  adjacent  GSPs  are 
inconsistent  with  GSP  Regulations  23  CCR  § 350.4(f)  and  §  354.28(b)(3).  Furthermore,  as 
discussed  below,  potential  impacts  to  adjacent  basins  are  required  to  be  considered  in  the 
development of GSP monitoring networks, per GSP Regulations 23 CCR § 354.34(f)(3)  and § 
354.38(e)(4), and in the evaluation of Plans by the Department of Water Resources (DWR) per 
GSP Regulations 23 CCR § 355.4(b)(7). 

The Undesirable Results definition for Land Subsidence (Section 4.3.4.2 of the TSCA) allows for 
up to 50 percent of the RMS to exceed their MTs. Given the sensitivity of the FKC capacity to 
changes  in  land  surface elevation, and  the documented  loss of  FKC  capacity under historical 
subsidence conditions (mentioned in Sections 1.6 and 3.2 of the ETGSA JPA Communication and 
Engagement Plan; Sections III.A.1 and III.B.3 of the DEIDGSA Communication & Engagement Plan; 
Sections 5.2.1.2.1 and 5.2.2.2.2 of the DEIDGSA GSP; Section 2.5 of the Tule Subbasin Monitoring 
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Plan [Attachment 1 of the TSCA]; and Section 2.3.4 of the Tule Subbasin Setting [Attachment 2 to 
the TSCA]), allowing further subsidence to exceed MTs in up to 50% of RMS is not protective of 
this critical  infrastructure. This Undesirable Results definition has the potential to significantly 
and unreasonably affect not only the Tule Subbasin but the Friant Districts and adversely affect 
the ability of the Kern County Subbasin (which includes the Friant Districts) to implement its Plan 
or achieve and maintain  its sustainability goal over the planning and  implementation horizon, 
which would be inconsistent with GSP Regulations 23 CCR § 350.4. and § 354.28(b)(3). 

The  Undesirable  Results  definition  for  Land  Subsidence  (Section  4.3.4.3  of  the  TSCA)  only 
recognizes  the  beneficial  uses  within  the  Tule  Subbasin,  neglecting  to  recognize  those 
downstream beneficial uses and users of  critical  infrastructure  (i.e.,  the Friant Districts). This 
limited  consideration of only  in‐basin beneficial uses  and users  in  inconsistent with  the GSP 
Emergency Regulations 23 CCR § 354.26(b)(3) which makes no such distinction between in‐basin 
and out‐of‐basin beneficial uses and users, and § 350.4(f) which describes the evaluation of a 
Plan “consistent with the objective that a basin be sustainably managed within 20 years of Plan 
implementation without adversely affecting the ability of an adjacent basin to implement its Plan 
or achieve and maintain its sustainability goal over the planning and implementation horizon.” 

3. Regarding the Basin Setting 

Background 

A Tule Subbasin‐wide summary of the Basin Setting element of GSPs is contained within the TSCA 
(Section  II  and  Attachment  2)  and  includes  a  discussion  of  subsidence  (Section  2.2.5  of 
Attachment 2 of the TSCA). With respect to subsidence along the FKC, the subsidence section in 
the  TSCA  Tule  Subbasin  Setting  includes  a  single  sentence  providing  a  range  of  cumulative 
subsidence values for the 58‐year period from 1959 – 2017 from benchmarks monitored by the 
Friant Water Authority: 

“Based on benchmarks located along the Friant‐Kern Canal and monitored by the 
Friant Water Authority, cumulative land subsidence along the canal between 
1959 and 2017 has ranged from approximately 1.7 ft in the Porterville area to 9 
feet in the vicinity of Deer Creek (see Figure 2‐24)”. 

A number of other subsidence rates  for different time periods and different parts of the Tule 
Subbasin are mentioned and two subsidence map figures (one for the period 2015‐2018 and the 
other  for 2007‐2011 which does not cover  the FKC area) are  included  in  the TSCA. However, 
despite the statement that “land surface subsidence in the Tule Subbasin as a result of lowering 
the  groundwater  level  from  groundwater  production  has  been  well  documented”  (TSCA, 
Attachment  2,  Section  2.2.5),  no  supporting  information  is  provided  on  groundwater  level 
changes or groundwater production as  it relates to observed subsidence rates. Additional and 
readily available information available through the SGMA Data Viewer is not used. As such, the 
Basin Setting portion of the TSCA and the GSPs is inconsistent with the standard that the “best 
available information” be used (23 CCR § 354.16). 
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The  water  budget  section  of  the  Tule  Subbasin  Setting  (TSCA  Attachment  2,  Section  2.3.5) 
mentions impacts to the FKC due to subsidence: 

“The primary surface water supply issue affecting the ability of agencies to 
operate within the Sustainable Yield of the subbasin is reduced delivery capacity 
in the Friant‐Kern Canal due to land subsidence. Land subsidence has lowered 
the canal elevation in certain areas resulting in a reduction in downstream canal 
delivery capacity”. 

The above statement does not include any quantitative descriptions of impacts to the FKC from 
subsidence,  although  such  description  is mentioned  elsewhere  in  the  document  (i.e.,  in  the 
Communication and Engagement Plans of the ETGSA and DEIDGSA). 

Each  individual GSP  also  contains  a  brief  discussion  of  the Basin  Setting  elements,  including 
subsidence, but the discussion refers to the TSCA Tule Subbasin Setting and does not provide any 
additional information. 

Comment: The Basin Setting information lacks sufficient discussion of the serious issue of 
subsidence. 

Adjacent  GSPs:  The  Basin  Setting  sections  of  the  adjacent  GSPs  do  not  provide  detailed 
information about subsidence, particularly as it pertains to the impacts on the FKC. For example, 
the cumulative subsidence data provided at several points along the FKC are values over a very 
long time period (58 years), with no attempt made to correlate such values either in time or in 
space with changes in groundwater elevation. The InSAR data shown on one map figure (Figure 
2‐25 of the Tule Subbasin Setting) only cover four years. These exhibits are therefore of limited 
value in understanding the scale of the subsidence issue in the Tule Subbasin and its relation to 
declining groundwater levels which are the key factor over which GSAs are likely to have direct 
control (i.e., through management of water supplies and demands). By providing such a limited 
presentation of data and discussion, the GSPs are not  in compliance with 23 CCR § 354.16(e), 
which states that a GSP must include information on “the extent, cumulative total, and annual 
rate of land subsidence, including maps depicting total subsidence, utilizing data available from 
the Department… or the best available information”. Additional datasets available through the 
SGMA Data Viewer (i.e., data from USGS and DWR extensometers and InSAR data from the TRE 
Altamira and NASA JPL) should be examined and presented  in the GSPs to the greatest extent 
possible and applicable, along with data on changes in groundwater levels. 

While  the 60 percent  reduction  in FKC delivery capacity as a  result of subsidence  in  the Tule 
Subbasin  is  mentioned  in  the  ETGSA  JPA  Communication  and  Engagement  Plan  and  in  the 
DEIDGSA Communication & Engagement Plan, it is not discussed elsewhere in either of these two 
GSP  documents,  nor  in  the  LTRIDGSA GSP.  This  important  fact  should  be mentioned  in  the 
“Potential Effects on Beneficial Uses and Users” sections of the GSPs and/or the Land Subsidence 
section  (Section  2.2.5)  of  the  Tule  Subbasin  Setting  document  (Attachment  2  to  the  TSCA). 
Additional information related to impacts to the FKC conveyance capacity should be included and 
appropriately cited. 
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Non‐Adjacent  GSPs:  The  non‐adjacent  GSPs  similarly  contain  only  limited  information  and 
discussions  about  subsidence  in  their  Basin  Setting  sections.  No  correlations  between 
subsidence, groundwater level declines and/or groundwater production area provided. Given the 
significance of the subsidence issue in the Tule Subbasin, and the relatively large subsidence rates 
observed over time and recently, more detailed  information should be provided (for example, 
the additional datasets  that have been made  readily available  through  the DWR SGMA Data 
Viewer website; see list above). By providing such a limited presentation of data and discussion, 
the GSPs are not in compliance with 23 CCR § 354.16(e), which states that a GSP must include 
information on “the extent, cumulative total, and annual rate of land subsidence, including maps 
depicting total subsidence, utilizing data available from the Department… or the best available 
information”. 

4. Regarding Monitoring Networks and Management Areas for Subsidence 

Background 

The Tule Subbasin contains a “land subsidence monitoring area” that is approximately centered 
around  the FKC and extends west  four miles and eastward  to  the 1‐ft cumulative subsidence 
1986‐2017 contour. This area is shown by the solid pink line in Figure A1‐8 of Attachment 1 of 
the TSCA (see figure below). This map figure also shows the cumulative subsidence between 2015 
and 2018 based on  InSAR data. Based on  this data,  the subsidence along  the FKC during  this 
period was up to 1.25 ft. 

The ETGSA contains a “Friant‐Kern Canal Subsidence Management Area” which appears to be the 
same as the “land subsidence monitoring area” mentioned in the TSCA Monitoring Plan. 
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Figure A1‐8 from the Tule Subbasin Monitoring Plan (Attachment 1 of the TSCA) 

 

 

The  Tule  Subbasin  Monitoring  Plan  (Attachment  1  to  the  TSCA)  describes  the  network  and 
protocols for land subsidence (and other indicators). It consists of: 

 GPS stations (existing ones operated by USBR along the FKC, and new ones including 63 
at monitoring well  locations and 39 standalone GPS stations); annual  frequency  for all 
sites, except quarterly for sites within the “FKC Monitoring Zone” (which is presumably 
the same as the “land subsidence monitoring area” mentioned in the TSCA); 

 Extensometers  (one  operated  by  USGS  along  the  FKC  one  mile  north  of  Deer  Creek 
crossing); continuous data collection with periodic uploads by USGS; and 

 Satellite data (InSAR), obtained from JPL, USGS, or ESA and analyzed/interpreted by 3rd 
party  to develop maps,  for  six periods over  the  first year of monitoring and  then  less 
frequent after that. 

The Tule Subbasin Monitoring Plan also recommends the installation of a new extensometer in 
the northwestern portion of basin (not near the FKC). 

There are a total of eight GPS monitoring  locations along the FKC that are used as RMS  in the 
three adjacent GSPs  (seven RMS  in the ETGSA GSP and one RMS  in the DEIDGSA GSP). These 
locations are labeled B through I and shown in the two figures below. 
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Figure 6‐3 from the ETGSA GSP 

 

Figure 4‐3 from the DEIDGSA GSP 
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Comment: The Monitoring Network for subsidence in the vicinity of the FKC is inadequate. 

Adjacent GSPs: The DEIDGSA GSP monitoring network (Section 4.2.3.5) only contains a single RMS 
along the FKC, which provides inadequate spatial resolution to capture the details of subsidence 
in  the  DEIDGSA  area.  The  GSP  Regulations  23  CCR  §  354.34(f)  requires  that  the  Agency 
“determine  the  density  of  monitoring  sites  and  frequency  of  measurements  required  to 
demonstrate short‐term, seasonal, and long‐term trends based upon the following factors … (3) 
Impacts  to  beneficial  uses  and  users  of  groundwater  and  land  uses  and  property  interests 
affected by groundwater production, and adjacent basins  that could affect  the ability of  that 
basin  to meet  the  sustainability goal.” Given  that  the DEIDGSA GSP monitoring network only 
contains  a  single  subsidence  RMS  along  the  FKC,  the  network  will  not  allow  for  sufficient 
characterization of  impacts to overlying  land uses (i.e.,  including critical  infrastructure such as 
the FKC) and impacts to adjacent basins. As such, the subsidence monitoring network does not 
appear to satisfy the requirements of GSP Regulations 23 CCR § 354.34(f). 

5. Regarding Sustainable Management Criteria for Subsidence in Adjacent GSPs 

Background 

Sustainable  Management  Criteria  (SMCs)  include  Measurable  Objectives  (MOs),  Interim 
Milestones (IMs), and Minimum Thresholds (MTs). The IMs and MOs for subsidence are defined 
based on the projected depth of subsidence calculated by the Groundwater Flow Model12 based 
on a model run that incorporates planned Projects & Management Actions (P/MAs).  

The MTs for subsidence, in terms of change from baseline (2020) elevations, are defined in the 
ETGSA GSP (Section 5.8.3.1.1) as the lesser of 3 ft ‐OR‐ the amount of elevation change observed 
over the 2007‐2016 period (a “recent drought”) subtracted from the  lowest  interim milestone 
from 2020‐2030). This value is then subtracted from the baseline elevation to determine the MT 
in terms of elevation at each RMS. In the DEIDGSA GSP, there is no 3‐ft maximum included in the 
subsidence MT definition  (Section 3.5.2.4.1).  Similarly,  in  the  LTRIDGSA GSP,  there  is no 3‐ft 
maximum included in the subsidence MT definition (Section 3.5.2.4.1), meaning that the MT is 
not limited to 3 feet. 

The SMCs  for  the eight subsidence monitoring  locations along  the FKC are shown  in Table 1, 
below, compiled by EKI from information included separately in the ETGSA and DEIDGSA GSPs. 
As shown in Table 1, five of the eight RMS locations along the FKC have MTs for subsidence that 
are 3.0 feet below the Baseline elevation (i.e., they would allow an additional 3.0 feet of  land 
subsidence directly adjacent to the FKC). SMCs for subsidence RMS locations that are not along 
the FKC are also shown in Table 1. These MTs allow for subsidence of up to approximately 9.0 
feet at some RMS locations. 

                                                       

12 The numerical Groundwater Flow Model is based on the hydrogeologic conceptual model (see TSCA Section 2.2). 
Thomas Harder & Co., 2019. Groundwater Flow Model of the Tule Subbasin (DRAFT in Progress). 



Baseline
Measurable 

Objective
2020 2025 2030 2035 2040
ft msl ft msl ft msl ft msl ft msl ft msl ft

RMS Locations Along the Friant‐Kern Canal
ETGSA B 406.46 406.12 405.90 405.84 405.85 404.80 1.66
ETGSA C 404.30 404.03 403.83 403.78 403.77 403.00 1.30
ETGSA D 403.99 403.50 403.25 403.25 403.25 400.99 3.00
ETGSA E 396.86 396.54 396.38 396.39 396.39 393.86 3.00
ETGSA F (1) 406.46 406.12 405.90 405.84 405.85 403.46 3.00
ETGSA G 391.70 390.59 389.98 389.92 389.85 388.70 3.00
ETGSA H 394.13 392.57 391.62 391.49 391.36 391.13 3.00

DEID GSA I 396.24 396.00 395.77 395.65 395.62 394.77 1.47
RMS Locations Not Along the Friant‐Kern Canal

PIDGSA A 201.95 201.2 200.39 199.83 199.66 194.6 7.35
PIDGSA J 261.59 260.77 259.96 259.23 258.80 256.51 5.08
PIDGSA Q 258.93 258.90 257.31 256.74 256.43 252.84 6.09
PIDGSA R 232.34 231.07 230.22 229.70 229.37 225.94 6.40
PIDGSA T 193.10 190.99 188.95 187.04 185.44 184.38 8.72

LTRIDGSA U 202.19 200.80 199.35 197.94 194.91 194.91 7.28
LTRIDGSA W 350.25 349.71 349.10 348.60 348.28 347.70 2.55
LTRIDGSA X 259.71 257.98 256.14 254.48 253.24 250.73 8.98
LTRIDGSA Y 255.53 254.39 253.25 252.10 251.18 249.64 5.89
LTRIDGSA Z 228.86 227.34 225.84 224.51 223.60 220.25 8.61

TCWAGSA ‐ ‐ ‐ ‐ ‐ ‐ ‐

AGSA
‐ ‐ ‐ ‐ ‐ ‐ ‐

Abbreviations
AGSA = Alpaugh Groundwater Sustainability Agency LTR = Lower Tule River
DEID = Delano‐Earlimart Irrigation District MT = Minimum Threshold
ET = Eastern Tule PID = Pixly Irrigation District
ft = feet RMS = Representative Monitoring Site
ft msl = feet above mean sea level SMC = Sustainable Management Criteria
GSA = Groundwater Sustainability Agency TCWA = Tri‐County Water Authority
GSP = Groundwater Sustainability Plan

Note:

Table 1

(1) The Baseline, Interim Milestones, and Measurable Objective for RMS location F appears to be duplicative of RMS location B, and therefore may be 
incorrect.

SMCs for Land Subsidence in the Tule Subbasin GSPs

GSA RMS ID

Interim Milestones Minimum 

Threshold

Difference 
between 

Baseline and 
MT

No subsidence 
SMCs 

established

December 2019 Page 1 of 1
EKI Environment & Water, Inc.

(B60064.03)
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The ETGSA GSP contains a subsidence discussion of “Minimum Thresholds in Relation to 
Adjacent Basins” (Section 5.8.3.3), as follows: 

“Per criteria described for define minimum thresholds for groundwater levels in 
Section 5.8.3.1 Criteria to Define Minimum Thresholds, the GFM projects 
groundwater elevations based the Tule Subbasin reaching sustainability by 2040, 
with built in operational flexibility of a 10‐year drought occurring during the 20‐
year implementation horizon of this plan. Adjacent basins have been tasked with 
the same objective to reach sustainability 2040, therefore, based on the criteria 
previously described, if minimum thresholds were experienced at groundwater 
level RMS, adjacent basins would experience similar groundwater conditions not 
as a direct result of minimum thresholds set by the Agency.” 

The DEIDGSA GSP contains a section called “Effects on Adjacent Basins” that simply concludes 
that: 

“as groundwater elevations are stabilized  to natural conditions during  the Plan 
Implementation period, adjacent basins should not be affected by the GSA”. 

The DEIDGSA GSP also  includes a section called “Effects on Beneficial Uses” that has a 
bullet on subsidence that mentions  impacts to existing critical  infrastructure “including 
the District canal system” but does not mention the FKC. 

Comment: The proposed Sustainable Management Criteria for subsidence are insufficient in 
their consideration of impacts on adjacent basins. 

Adjacent GSPs: The definitions of MTs for subsidence  in the ETGSA GSP and the DEIDGSA GSP 
allows  for  large  amounts of  additional  subsidence  at  the  eight RMS  locations  along  the  FKC 
relative to present “Baseline” elevations. The MTs for subsidence at these eight RMS locations 
range from 1.3 feet to 3.0 feet, with five RMS locations with MTs of 3.0 feet. The MT established 
in the LTRIDGSA GSP for the RMS closest to the FKC (RMS location W) would allow for up to 2.55 
feet of additional subsidence. These amounts of additional subsidence in close proximity to the 
FKC could have significant and unreasonable impacts on the FKC’s ability to convey water to all 
downstream  users  and  adversely  affect  the  ability  of  the  Kern  County  Subbasin  (and  Friant 
Districts) to implement its Plan or achieve and maintain its sustainability goal over the planning 
and implementation horizon. The MTs are therefore not protective of those beneficial users of 
the FKC both within the Tule Subbasin and in the adjacent Kern County Subbasin. 

No  analysis  is  provided  in  the  ETGSA,  DEIDGSA,  and  LTRIDGSA  GSPs  or  in  the  TSCA  as  to 
specifically how the MTs for subsidence would impact the FKC, a “land use” of critical regional 
importance. Therefore, the discussion does not satisfy the requirements of GSP Regulations 23 
CCR  §  354.28(b)(4)  which  states  that  the  description  of  MTs  shall  include  “How  minimum 
thresholds affect  the  interests of beneficial uses and users of groundwater or  land uses and 
property  interests”  and GSP Regulations  23 CCR  §  354.28(c)(5), which  states  “The minimum 
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thresholds  for  land  subsidence  shall  be  the  rate  and  extent  of  subsidence  that  substantially 
interferes with surface land uses and may lead to undesirable results.” 

The reference to Section 4.3.4.3 of the TSCA is insufficient in this regard, as that section (which 
pertains to Undesirable Results for Land Subsidence) only mentions “financial hardship on land 
and property interests, such as the redesign of previously planned construction projects and the 
fixing and retrofitting of existing  infrastructure”;  it does not contemplate the reduction  in FKC 
capacity and subsequent  reduced availability of FKC supplies  to downstream users which will 
directly impact those users’ and basin’s ability to achieve and maintain sustainability throughout 
the  planning  and  implementation  horizon.  Nor  does  it  contemplate  the  significant  financial 
impacts related to addressing the subsidence impacts to the FKC. 

The  ETGSA GSP discussion of  “Minimum  Thresholds  in Relation  to Adjacent Basins”  (Section 
5.8.3.3) is not specific to or relevant to the subsidence sustainability indicator (i.e., the same text 
is used for subsidence as for the chronic lowering of groundwater levels sustainability indicator). 
The discussion  furthermore dismisses  the possibility  that actions or  inactions within  the Tule 
Subbasin  could  negatively  affect  adjacent  basins,  rather  stating  that  “adjacent  basins would 
experience similar groundwater conditions not as a direct result of minimum thresholds set by 
the Agency”. This assertion is not supported by facts or consistent with the reality that the MTs 
for  subsidence  set  by  the  Agency  (i.e.,  the  ETGSA)  will  affect  FKC  conveyance  capacity  and 
therefore adversely affect the Friant Districts and impact the Kern County Subbasin’s ability to 
achieve groundwater sustainability. 

The DEIDGSA GSP contains a section “Effects on Adjacent Basins” (Section 3.5.2.5.2) that simply 
concludes that “as groundwater elevations are stabilized to natural conditions during the Plan 
Implementation period, adjacent basins should not be affected by the GSA.” This assertion is not 
supported by facts or consistent with the reality that the MTS for subsidence set by the Agency 
(i.e., the DIEDGSA) will very likely impact FKC conveyance capacity and therefore adversely affect 
the  Friant  Districts  and  impact  the  Kern  County  Subbasin’s  ability  to  achieve  groundwater 
sustainability. 

None of  the adjacent GSA GSPs contains a discussion of how  the out‐of‐basin  interests were 
considered during the Minimum Threshold development process. The definitions of MTs in the 
ETGSA GSP and the DEIDGSA GSP, therefore, do not satisfy the requirements of GSP Regulations 
23 CCR § 354.28(b)(3), which states  that  the description of MTs shall  include “how minimum 
thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting 
the ability of adjacent basins to achieve sustainability goals”. 

Non‐Adjacent GSPs: The establishment of SMCs for subsidence in the non‐adjacent Tule Subbasin 
GSPs is also problematic, even though subsidence in those areas may not have a direct impact on 
the FKC. For the two non‐adjacent GSPs that do establish SMCs for subsidence, the MTs are set 
so  as  to  allow  for  significant  further  subsidence  beyond  baseline  conditions  (see  Table  1). 
Specifically, the MTs for subsidence in the LTRGSA GSP for RMS locations other than location W 
(discussed  above)  allow  for  between  5.89  and  8.98  feet  of  subsidence  relative  to  baseline 
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conditions, and the MTs for subsidence in the PIDGSA GSP allow for between 5.08 and 8.72 feet 
of subsidence relative to baseline conditions. 

The other two non‐adjacent GSPs do not even set SMCs for subsidence. The TCWAGSA GSP does 
not  set  SMCs  for  subsidence,  citing  a  lack of  ground‐based measurements, even  though  the 
available satellite‐based subsidence data suggest subsidence rates of approximately 0.7 to 2.0 
feet over the 16‐month period from May 7, 2015 to September 10, 2016. Likewise, the AGSA GSP 
does not define SMCs for subsidence, but rather states that five years of monitoring (i.e., from 
2020 – 2024) will be used to establish baseline rates of subsidence and then to set site‐specific 
SMCs. 

6. Regarding Projects and Management Actions 

Background 

The DEIDGSA GSP mentions subsidence‐related FKC capacity constraints in one P/MA (Action 2 – 
Increase Importation of Imported Waters; Section 5.2.1.2), but only as a reason to pursue the 
action, not as a problem to be addressed. Under another P/MA (Action 1 – Transitional Pumping 
[for White Areas]), the DEIDGSA GSP  includes additional discussion of  impacts to the FKC, and 
states that additional study and analysis will: 

“look at finding the relative cause of future predicted subsidence along the FKC 
… likely to lead to an assessment of costs of FKC subsidence mitigation to those 
lands employing transitional pumping … collection of mitigation fees would then 
be used to correct subsidence impacts on the FKC … would restore the carrying 
capacity of the FKC … would restore the ability of Friant contractors in the Tule 
Subbasin and those further south to receive their contractual imported water 
without capacity limitations.” 

The  ETGSA  mentions  subsidence  as  being  one  of  the  sustainability  indicators  that  will  be 
“generally” affected by various P/MAs. 

The  planned  P/MAs  that  are  aimed  at  achieving  sustainability  through  a  balancing  of  the 
groundwater budget are described in Section 2.3.5 of the Tule Subbasin Setting (Attachment 2 of 
the TSCA). Details of “transitional pumping” schedules for each of the GSAs under the planned 
P/MAs are provided in Table 2‐7 of the Tule Subbasin Setting (below). As shown in Table 2‐7, the 
projected year for achieving sustainability ranges from 2035 to 2040 for all areas except for the 
DEIDGSA  District  Area  which  is  described  as  already  being  sustainable  (i.e.,  “No  Change  / 
Sustainable”). Until sustainable conditions are achieved (i.e., for at least 15 more years in all areas 
except the DEIDGSA District Area), the planned P/MAs will allow  for continued over‐pumping 
which will result in continued water level declines. For the DEID White Lands (i.e., the “Western 
Management Area” consisting of undistricted lands), the transitional pumping schedule calls for 
no reduction in pumping relative to existing crop consumptive use. 
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Table 2‐7 of the Tule Subbasin Setting (Attachment 2 of the TSCA) 

 

 

Comment: The proposed Projects and Management Actions do not adequately address and 
mitigate impacts from subsidence. 

Adjacent  GSPs:  None  of  the  adjacent  GSA  GSPs  include  projects  whose  specific  anticipated 
benefits will be mitigation of subsidence related impacts. The DEIDGSA GSP, under Action 1 for 
the Western Management Area “White Lands” (Section 5.2.2.2), discusses  impacts to the FKC, 
and says that a future study is “anticipated”, but it is not specifically called for. The P/MAs section 
of  the  ETGSA  GSP  (Section  7)  only  mentions  subsidence  as  being  one  of  the  sustainability 
indicators that will be “generally” affected by various P/MAs. 

GSP Regulations 23 CCR § 354.44(b)(1) require that a GSP  include a description of P/MAs that 
includes  “A  list of projects and management actions …  that may be utilized  to meet  interim 
milestones, the exceedance of minimum thresholds, or where undesirable results have occurred 
or are imminent.” Given that significant and unreasonable impacts for land subsidence may have 
already occurred or are imminent, and that the list of P/MAs in the ETGSA GSP and DEIDGSA GSP 
does not include actions to address these undesirable results (only mentioning an “anticipated” 
future study), the  list of P/MAs does not meet the requirements of GSP Regulations 23 CCR § 
354.44(b)(1). 

Further, the transitional pumping schedule for the DEIDGSA Western Management Area “White 
Lands” calls for no reduction from existing crop consumptive use demands for the first five years. 
This five‐year delay in commencement of transitional pumping will perpetuate the water budget 
deficits in the DEIDGSA Area which are estimated through groundwater modeling to be in excess 
of ‐30,000 acre‐feet per year (AFY) initially in 2020, eventually ramping down to ‐15,000 AFY in 
2030 and ‐4,000 AFY  in 2040 (Appendix C of the Tule Subbasin Setting). This five‐year delay  in 
commencement of transitional pumping will also perpetuate the subsidence issues and impacts 
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to the FKC. As such evaluation of this P/MA has not considered “the interests of the beneficial 
uses and users of groundwater in the basin, and the land uses and property interests potentially 
affected…” as is required per CCR 23 § 354.4(b)(4). 

Non‐Adjacent GSPs: The TCWAGSA GSP similarly delays commencement of transitional pumping 
for the first five years (i.e., until 2025) which  is projected to results  in continued groundwater 
deficits of ‐12,000 AFY in 2020, ‐8,000 AFY in 2030, ‐6,000 AFY in 2040, and ‐3,000 AFY in 2070. 
These continued water budget imbalances will likely result in continued groundwater declines, 
as  is  corroborated  by  the  projected  hydrographs  from  the  groundwater  model  (included  in 
Appendices A through F of the Tule Subbasin Setting [Attachment 2 to the TSCA]). Consequently, 
the declining groundwater levels will likely lead to further land subsidence, effects of which could 
negatively  impact  beneficial  uses  and  users within  the  Tule  Subbasin  and  the  adjacent  Kern 
County Subbasin. As such evaluation of potential P/MAs has not considered “the interests of the 
beneficial uses and users of groundwater in the basin, and the land uses and property interests 
potentially affected…” as is required per CCR 23 § 354.4(b)(4). 

 

Please let us know if you have any questions regarding this matter. 

 

Sincerely, 

EKI Environment & Water, Inc. 

 

 

___________________________        ___________________________ 

Anona Dutton, P.G., C.Hg.          Christopher Heppner, Ph.D., P.G. 

Vice President             Supervising Hydrogeologist 
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Jeevan Muhar 
Arvin-Edison Water Storage District (AEWSD) 
and 
Dana Munn 
Shafter-Wasco Irrigation District (SWID) 
 
Re:  Subsidence-Focused Review of Tule Subbasin Groundwater Sustainability Plans 
 For Friant Districts in Kern County  
 
Dear Mr. Muhar and Mr. Munn: 
 
Per the request by EKI Environment and Water, Inc. (EKI) on behalf of the Friant Districts (Arvin Edison 
Water Storage District and Shafter-Wasco Irrigation District), GSI Environmental Inc. (GSI) has performed 
a subsidence-focused review of the following six draft Groundwater Sustainability Plans (GSPs) individual 
released by six respective Groundwater Sustainability Agencies (GSAs) in the Tule Subbasin: 
 

• Alpaugh (A) GSA GSP, 
• Delano-Earlimart Irrigation District (DEID) GSA GSP,  
• Lower Tule River Irrigation District (LTRID) GSA GSP, 
• Pixley Irrigation District (PID) GSA GSP, 
• Eastern Tule (ET) GSA GSP, and 
• Tri-County Water Authority (TCWA) GSA GSP.   

 
The review focused on assessing whether subsidence has been adequately addressed in the GSPs to 
avoid negative future impacts on the Friant-Kern Canal (FKC) to an extent that will adversely affect the 
Friant Districts plan to achieve the groundwater sustainability goals in compliance with the State of 
California’s Sustainable Groundwater Management Act (SGMA).  The version of each document 
reviewed was downloaded through the website (https://tulesgma.com/) on December 2, 2019. 
 
BACKGROUND 
 
The Friant Districts are developing a GSP.  To achieve the groundwater sustainability goals, the Friant 
Districts relies on contracts with the United States Bureau of Reclamation (USBR) for 90,000 acre-feet 
per year (AFY) of Class 1 water and 351,275 AFY of Class 2 water from the Friant Division of the Central 
Valley Project (CVP), delivered through the FKC, as a component of the available water resources to 
meet the predicted agricultural water demands.  The FKC transmit water from the north, through the DEID 
and ET GSP Management Area in the Tule Subbasin and then through the Kern-Tulare GSP 
Management Area, into Kern County Subbasin. 
 
Groundwater extraction has caused ground subsidence along the FKC in the Tule Subbasin since its 
construction was completed.  The rate of subsidence was accelerated between 2008 and 2016 due to 
extreme drought condition.  The water flow through the FKC was primarily driven by gravity.  It has been 
reported that the FKC has lost approximately 60 percent of its design delivery capacity because historical 
land subsidence has reduced the topographic slope along the FKC alignment.  In addition to ground 
subsidence and topographic slope changes, groundwater extraction also induces horizontal and vertical 
curvatures along a line on the ground surface in the vicinity of the extraction well.  Differential subsidence 
also causes stresses and strains in the subsurface soils. Excessive strains can generate fissures and 
compaction faults.  If the induced curvatures and slopes along the FKC are excessive, or if fissures and 
compaction faults developed in the subsurface underlying the FKC, FKC structural damage and water 
leak might occur.  Reduction of water conveyance capacity and water leak along the FKC in the Tule 
Subbasin would potentially jeopardize Friant District’s ability to achieve the groundwater sustainability 
goal set in their GSP.  According to the GSP Regulations under the SGMA, the Tule Subbasin GSPs 
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should “avoid causing undesirable results in adjacent basins or affecting the ability of adjacent basins to 
achieve sustainability goals”. 
 
OVERVIEW OF THE GSP REVIEW  
 
The six GSPs were developed primarily based on a similar document structure.  The GSPs include 
sections that describe the plan area, basin setting, sustainable management criteria, monitoring network, 
and projects and management actions.  The following two attachments to the Tule Subbasin Coordination 
Agreement (TSCA): 
 

• Attachment 1 (A1) – Tule Subbasin Monitoring Plan 
• Attachment 2 (A2) – Tule Subbasin Basin Setting 

 
were presented as appendices attached to the GSPs and are the basis for developing the GSPs.  The 
TSCA provides a platform for coordinating data sharing and GSP approach.  In addition, the GSPs were 
developed using the results of a Tule Subbasin Groundwater Flow Model (TSGFM) which has not been 
released for this review.  Therefore, our review focused on how the TSGFM results were utilized to 
establish sustainability metrics.  The quantitative metrics should be reviewed when the TSGFM is 
finalized. 
 
The FKC passes through the ET and DEID GSA Management Areas (MA).  The TSCA defined an area 
centered around the FKC and extends west four miles and eastward to the 1986-2017 one-foot 
subsidence contour as “land subsidence monitoring area”.  The ETGSA GSP refers to this area as 
“Friant-Kern Canal Subsidence Management Area” (FKCSMA).  The A GSA and TCWA GSA GSP 
Management Areas (MA) are over ten miles from the FKC.  The subsidence in these two GSP MAs is not 
expected to induce significant topographic slope changes, curvatures, or strain along the FKC.  Our 
review focused on the sections related to subsidence along the FKC in the ET and DEID GSA GSPs.  
The sections in the LTRID and PID GSA GSP related to subsidence within the FKCSMA were also 
reviewed. 
 
REVIEW COMMENTS 
 
The following comments are related to defining the performance metric in relation to the potential 
subsidence impacts on FKC: 
 

• The “Undesirable Results for Land Subsidence” were not adequately defined regarding 
subsidence related impacts on the FKC 
 
The GSPs only consider conveyance capacity reduction as an undesirable result of the FKC.  
Other undesirable results, such as structural damage resulting from curvatures and ground 
strains induced by groundwater extraction from nearby wells, were not considered.  Based on our 
past experience, a major groundwater production well in the Corcoran area can potentially induce 
a vertical curvature on the order of 5e-6 ft-1.  In addition, such well can induce a horizontal 
movement of up to approximately 1/4 of the vertical subsidence within 2000 ft from the well.  The 
FKC was constructed almost seventy years ago.  The GSPs do not address the current condition 
and the vulnerability of the FKC.  A major groundwater production well in close proximity to the 
FKC can potentially affect the structural integrity of the FKC.  Based on the historical subsidence 
data from the United States Geologic Survey (USGS) and Jet Propulsion Laboratory (JPL), 
subsidence in the Tule Subbasin has been shifting eastward in the past decades due to additional 
groundwater extraction.  The GSPs do not preclude the possibility of groundwater production 
wells in close proximity to the FKC.  
 

• Allowing less than 50% of the Representative Monitoring Sites (RMSs) to exceed the Minimum 
Thresholds (MT) criterion might not be protective of adequate conveyance capacity of the FKC.   
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Conveyance capacity is governed by topographic slope, which is dictated by the differential 
subsidence at two locations.  Although only up to 50% of the Representative Monitoring Sites 
(RMSs) are allowed to exceed their MTs, it does not prohibit the differential subsidence between 
two neighboring RMSs to be large (e.g., no subsidence at one RMS while the next upgradient 
RMS has reached the maximum subsidence limit).  Based on our past experience, a major 
groundwater production well in the Corcoran area can potentially induce a vertical slope on the 
order of 0.002.  A major groundwater production well in close proximity to the FKC can potentially 
affect the conveyance capacity of the FKC.  In addition, the 50% criterion is not location specific.  
In an extreme case, if 50% of the upgradient RMSs has reached the MT limits and the 
subsidence at the downgradient RMSs are minimal, it is unclear whether the FKC conveyance 
capacity can meet the target flow rate needed. 
 

• The FKC Conveyance Capacity needed was not defined 
 
Although FKC conveyance capacity is a major groundwater sustainability consideration, the 
GSPs did not present the FKC conveyance capacity needed.  It has been reported that the FKC 
has already lost 60% of its conveyance capacity due to historical subsidence.  The GSPs did not 
discuss the current conveyance capacity can adequately meet the flow rate needed and how 
much additional conveyance capacity loss is acceptable.  The subsidence related Sustainable 
Management Criteria should address the acceptable FKC conveyance capacity loss. 
 

• The relationship between the FKC Conveyance Capacity and Measurable Objectives (MOs) 
 
The GSP subsidence metric was defined in terms of subsidence, but the FKC conveyance 
capacity is a major groundwater sustainability consideration.  The relationship between the 
subsidence metric and the FKC conveyance capacity was not addressed.  The subsidence 
related Sustainable Management Criteria should be established to represent the acceptable FKC 
conveyance capacity loss. 
 

• The ET and DEID GSA GSPs did not consider the amount of FKC flow needed by the Kern-
Tulare GSA and Friant Districts (among others downstream that have historically taken delivery of 
FKC water) to achieve their GSP. 
 
According to the GSP Regulations under the SGMA, the GSP should “avoid causing undesirable 
results in adjacent basins or affecting the ability of adjacent basins to achieve sustainability 
goals”.  The Friant Districts and many water agencies south of the Tule Subbasin rely on the 
water delivered through the FKC to meet their groundwater sustainability goals.  The GSPs 
should ensure that subsidence would not cause the FKC conveyance capacity to be lower than 
the flow rate needed for the impacted GSAs to meet their groundwater sustainability goals. 
 

• The Interim Milestones (IMs) and MTs were defined based on a TSGFC that has not been 
completed at the time this review is performed.  When TSGFC is completed, its accuracy and 
uncertainty shall be evaluated, especially regarding the simulation of elastic and inelastic 
subsidence as well as the delayed responses.  Matching ground level change does not guarantee 
accurate representation of individual deformation components.  It appears that the current 
versions of the GSPs do not consider model errors and uncertainty.  If model errors/uncertainty 
are large, uncertainty/error margin or a safety factor should be considered in deciding the IMs and 
MTs. 

 
The following comments are related to monitoring: 
 

• Insufficient RMSs along the FKC in the DEID GSA MA 
 
Only one RMS is located in the DEID GSP MA.  Although historical subsidence along the FKC in 
the DEID GSA MA has been small, future subsidence will increase if groundwater extraction 
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increases in the vicinity of the FKC.  The GSPs do not preclude the possibility of groundwater 
production wells in close proximity to the FKC.   Without additional RMSs along the FKC in the 
DEID GSP MA, the FKC conveyance loss and structural impacts might not be noticeable. 
 

• RMSs at river crossing might not be approximate 
 
A few RMSs are located at river crossing.  The actual siting should be appropriately evaluated to 
avoid potential subsurface influence by the river flow condition. 
 

• The is no RMSs to address the concern of FKC structural damages  
 
Groundwater extraction close to the FKC might induce curvatures and strain.  Monitoring and/or 
precaution against this situation was not addressed in the GSPs. 
 

• The FKCSMA does not include the portions of FKC in the ET and DEID GSA MA.  Although 
historical subsidence along the FKC in the DEID GSA MA has been small, future subsidence will 
increase if groundwater extraction increases in the vicinity of the FKC. 

 
Other Comments: 
 

• Overdraft in the subbasin was defined based on averaged hydrology from the years 1990/91 
through 2009/10.  The average condition between 1990/91 and 2009/10 might not be 
representative of the long-term average condition. 
 

• Subsidence and associated ground deformation are mostly irreversible 
 
When the subsurface is stressed by groundwater extraction from a well, the associated elastic 
deformation is relatively small in comparison to inelastic deformation.  Due to the presence of 
compressible materials in the aquifer unit, compression and subsidence has a delayed response 
component.  After pumping stops, subsidence might continue for one to two years.  Even if 
groundwater level rises in the future, ground surface elevation rebound is typically on the order of 
10% of the subsided amount.  If subsidence MTs are reached, they are not recoverable. 
 

• Under the current project and management actions, if there is no curtailment of groundwater 
extraction, especially in the area close to the FKC, subsidence will continue and MTs would likely 
be reached in the future. 
 

If you have any questions regarding the review comments, please let us know. 
 
 
Best regards, 
GSI ENVIRONMENTAL INC. 
 
 

 
 
Chin Man W. Mok, PhD, PE, GE, D.WRE, D.GE 
Vice President and Principal Engineer 
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Chin Man W. Mok 
PhD, PE, GE, PG, D.WRE, D.GE, F.ASCE, F.EWRI 

 
Biographical Summary 

 
Dr. Mok is a water resources and geo- professional with 34 years of consulting experience.  He has 
directed many projects supporting the analysis and design of infrastructures, such as buildings, bridges, 
highways, tunnels, railroads, locks, dams and levees, pipelines, and underground structures; water 
resources management, such as watershed/groundwater basin evaluation, sustainability planning and 
optimization, system reliability assessment, flood and drainage evaluation, recharge study, and 
environmental remediation.  His has substantial technical experience in evaluating subsurface stability 
and deformation due to infrastructure loading, groundwater extraction, and natural hazards.  He has 
recently completed a subsidence study for the California High-Speed Rail System from San Francisco to 
Los Angeles through the rapidly subsiding Corcoran, El Nido, and Antelope Valley areas.  He has been 
appointed to serve as a hydro- and geo- specialist on review panels for several high-profile projects.  In 
addition, he has experience providing technical support to litigation projects. 
 
In addition to consulting, Dr. Mok has been active in teaching and research.  He is an adjunct professor at 
the University of Waterloo and Rice University.  He has been teaching undergraduate and graduate 
courses on groundwater, geotechnics, engineering risk, data sciences, ground improvement, and 
environmental remediation at several universities, including the University of California at Berkeley.  He 
has been a Principal Instructor of short courses in California and overseas, including workshops 
sponsored by the California State Water Resources Control Board and internal training classes for the 
Thailand Department of Groundwater Resources on issues related to water resources management, land 
subsidence, and environmental remediation.  He has been the Principal Investigator of many research 
projects funded by federal agencies on high-resolution subsurface characterization, groundwater 
optimization, and subsurface system reliability analysis. He has been a Chair of the Groundwater 
Management Committee and is currently a panel member of the KSTAT standard committee of the 
American Society of Civil Engineers developing guidance documents.   
 
Professional Background 

 
Consulting: 
Vice President / Principal Engineer and Hydrogeologist, GSI Environmental Inc., Oakland, CA.  2013 

to present 
Principal Engineer and Hydrogeologist, AMEC Environment and Infrastructure (currently Wood PLC), 

Oakland, California.  2008 to 2013 
Principal Engineer and Hydrogeologist, Geomatrix Consultants, Inc., (acquired by AMEC), Oakland, 

California.  1987 to 2008  
Structural and Geotechnical Engineer, Maunsell Consultants Asia, (currently AECOM), Hong Kong.  

1985 to 1986 
Academic: 
Adjunct Professor, Earth, Environmental and Planetary Sciences, Rice University, Houston.  2017 to 

present 
Adjunct Professor, Earth and Environmental Sciences, University of Waterloo, Canada.  2008 to 

present 
Lecturer, Civil and Environmental Engineering, University of California at Berkeley, California.  2014, 

2016 
Rudolf Diesel Industry Fellow and Affiliated Professor, Engineering Risk Analysis, Institute for 

Advanced Study, Technical University of Munich, Germany.  2011 to 2014 
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Visiting Associate Professor, Civil and Environmental Engineering, University of Hong Kong, 2010 

Education 
 

Ph.D., Department of Civil and Environmental Engineering, University of California at Berkeley, 1999.  
M.S., Department of Civil and Environmental Engineering, University of California at Berkeley, 1987. 
B.Sc. (Eng.), Department of Civil and Structural Engineering, University of Hong Kong, 1985. 
 
Professional Registrations, Qualifications and Affiliations 

 
Professional Civil Engineer, California 46755, Arizona 39042, Florida 75351, Texas 119446 
Professional Geologist, Arizona 40746 
Registered Geotechnical Engineer, California 2365 
Founding Diplomate, Water Resources Engineer, American Academy of Water Resources Engineers 
Diplomate, Geotechnical Engineer, Academy of Geo-professionals 
 
Honors and Awards 

 
Rudolf Diesel Industry Fellow, Institute for Advanced Study, Technical University of Munich 
Fellow, American Society of Civil Engineers 
Fellow, Environmental and Water Resources Institute 
Jane Lewis Fellowship, University of California, Berkeley 
Parker Trask Fellowship, University of California, Berkeley 
Hui Yin Hing Fellowship, University of Hong Kong 
S.L. Pao Education Foundation Scholarship, University of Hong Kong 
 
Representative Projects 

 
Ground Subsidence Study, California High-Speed Rail Authority (CAHSR).  Principal-in-charge. Task 
Leader of the AMEC Foster Wheeler team.  Directed three-dimensional coupled groundwater and 
geomechanical modeling to estimate the potential impacts of groundwater extraction on subsurface 
deformation and induced vertical/horizontal topographic curvatures for infrastructure analysis.  Evaluated 
the accuracy and reliability of an USGS’ Central Valley Hydrologic Model in regard to refinement and 
specific calibration for HSR use.  Applied data fusion to integrate available LiDAR, InSAR, GPS/RTK, 
survey data collected in the different areas and periods to develop data-driven subsidence prediction 
model.  Developed simulation models to predict future subsidence in the HSR alignment areas in the San 
Joaquin Valley and Antelope Valley.  Performed flood modeling to delineate runoff pathways and 
evaluated the subsidence induced flood plain changes in the historical Tulare Lake area. Flood plain 
change will impact surface water recharge to groundwater. 

Tai Hang Road Subsidence Investigation, Government Geotechnical Engineering Office, Hong Kong.  
Principal-in-charge.  Tasked by the Geotechnical Engineering Office, Dr. Mok was engaged by Fugro 
(Hong Kong) Limited as a subject expert in a detailed study of the subsurface conditions below Tai Hang 
Road where land subsidence occurred.  Notable signs of subsurface deformation, slope failure, and road 
damages were observed.  He conducted field-testing at several locations to investigate the hydrogeologic 
condition in the area for evaluating the likelihood of groundwater being the major cause of failure. 

Northern California Toll Bridges, San Francisco Bay Area, California.  Project Manager. Provided 
geotechnical engineering support for the seismic retrofit and vulnerability studies of the San Mateo–
Hayward Bridge, Benicia-Martinez Bridge, Carquinez Bridge, Richmond–San Rafael Bridge, and the 
cable-suspension section of the San Francisco–Oakland Bay Bridge.  Static and dynamic stability 
analyses were performed for natural terrain and slopes during and after construction.  Analysis also 
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included settlement and subsurface deformation estimation.  The foundation types of these bridges 
include spread footings, driven piles, cast-in-drilled-hole piles, cast-in-steel-shell piles, and large 
caissons.  Some of these piles terminate in soil and some are anchored in rock.  Difficult geotechnical 
conditions were encountered at many bridge locations, including liquefiable zones, soft surficial soils, and 
weak rocks.   

Optimized Regional Water Supply Operation Management and Water Resources Planning, Tampa Bay 
Water, Florida.  Principal-in-charge.  The project team developed an optimization framework to identify 
the best plan for operating the Agency’s interconnected water supply system and managing the 
integrated water resources.  The goal is to reliably and sustainably meet the municipal and industrial 
water demands while minimizing the hydro-ecological impacts on wetlands and the potential of seawater 
intrusion in multiple counties. The optimization considers physical system capacity, water use regulations 
and other operational constraints, as well as the uncertainties associated with the forecasting of water 
demands, surface water availability, climatic condition, and groundwater-surface water interaction.   

Effects of Climate Variations and Water Management Strategies on Eco-Hydrologic Condition, Tampa 
Bay Water, Florida.  Principal-in-charge.  The project team evaluated the eco-hydrologic effects of various 
water management and operational strategies while accounting for the uncertainty of future climate 
condition, including severe droughts.  A Monte Carlo approach was used to generate time series 
realizations of future climatic events.  These realizations were utilized to generate time histories of the 
resulting water supply operation under various water management strategies.  The effects of these water 
supply operations on the environmental and hydrologic condition in the region were estimated using a 
calibrated Integrated Hydrologic Model.  The results were used to evaluate the reliability associated with 
each water management strategy to address the issues associated with large groundwater production 
during droughts. 

Cost-effective Characterization of Large Plume Arrival Front at Edwards AFB, Air Force Civil Engineering 
Center, United States Department of Defence.  Principal Investigator.  This project demonstrated and 
validated that integrating data from hydraulic tomography (HT); groundwater and mass flux 
measurements; geophysical tomography (GT); chemical and hydraulic monitoring data; and geologic data 
cost-effectively improves the prediction of groundwater flow regime and reduces the associated 
uncertainty at the EAFB. Downhole, cross-hole, and hole-to-surface electrical resistivity tomography was 
performed.  Tracer-enhanced time-lapsed tomography was conducted.  Flux measurements using single-
hole tracer dilution test, point velocity probes, and passive mass fluxmeters were performed and 
compared. 

Erodibility Assessment of Lyons Dam, Tiger Creek Dam, Spaulding Lake Dams, Balch Diversion and 
Afterbay Dams, Lake Tabeaud Dam, and Lower Bear River Dam (Multiple Projects), Pacific Gas and 
Electric Company, California.  Directed analyses to address the erosion potential of the foundation and 
abutment materials due to the hydrodynamic impact forces caused by water overflowing over dam crests 
during the maximum flood event.  Both the Erodibility Index Method as well as the Comprehensive 
Fracture Mechanics and Dynamic Impulsion Models are used.  Rock quality were evaluated based on 
field investigation and inspection. 

Groundwater Training Courses, Thailand Department of Groundwater Resources. Principal Instructor.  
Retained to provide a series of three five-day short courses to train the Agency’s professional staff on 
groundwater modeling, focusing on applications to water resources management, environmental 
remediation, and land subsidence control.   

Groundwater and Seepage, University of California at Berkeley. Taught a one-semester course on flow 
through porous media, numerical analysis, hydrogeology, aquifer testing, and contaminant transport, 
focusing on the practical applications to geotechnical, water resources, and environmental problems, 
such as dams, levees, slope stability, land subsidence, water supplies, landfills, waste disposal, and 
contamination control and remediation.   

Groundwater, University of Hong Kong.  Taught a one-semester graduate-level course on groundwater 
and geotechnics.  The course covered saturated and unsaturated flow, seepage, infiltration, slope 
stability, land subsidence, and contaminant transport.  The focuses were on applications to water 
infrastructures and geo-environmental issues. 
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Chapter 1  
Introduction 

The Friant-Kern Canal (FKC) is a principal feature of the Central Valley Project (CVP) that 
extends approximately 152 miles from Millerton Lake to the Kern River in the eastern portion of 
the San Joaquin Valley in central California. The FKC delivers CVP water supplies to Friant 
Division long-term contractors. The Middle Reach of the FKC, an approximately 33-mile section 
located within Tulare and Kern Counties, has experienced significant capacity loss. The capacity 
loss is a result of both regional land subsidence that has occurred over the past decade and an 
original design deficiency that prevents the intended flow capacity to be actualized. The FKC 
Middle Reach Capacity Correction Project (Project) is being developed to provide improvements 
to restore its originally designed and constructed capacity through the Middle Reach of the FKC. 

The FKC Middle Reach Capacity Correction Project Feasibility Study (Study) is being 
developed by the Friant Water Authority (FWA) in coordination with the U.S. Department of the 
Interior, Bureau of Reclamation (Reclamation). Progress and results of the Study are being 
documented in a series of interim reports that will culminate in a Final Feasibility Report and 
associated compliance documentation consistent with the National Environmental Policy Act 
(NEPA) and the California Environmental Quality Act (CEQA), the Principles, Requirements, 
and Guidelines for Federal Investment in Water Resources (PR&G) (CEQ 2013), Reclamation 
Directives and Standards (D&S) CMP 09-02 for Water and Related Resources Feasibility 
Studies (2015), and applicable environmental laws.  

In recognition of the urgent need to address the capacity problems in the FKC, the Study is being 
prepared on an expedited schedule. This Draft Recommended Plan Report (Report) is the second 
progressive document in the development of the Final Feasibility Report. This Report presents 
the formulation and evaluation of Initial Alternatives, selection and evaluation of Feasibility 
Alternatives, and identification of a Recommended Plan.  

Reclamation is the lead Federal agency for reviewing and approving this Study. FWA is the non-
Federal partner and will implement the Selected Plan that will be identified in the Final 
Feasibility Report. The following subsections describe Federal, State of California (State), and 
local authorization and legislation relevant to this Project. 

Purpose 

The reduced capacity of FKC Middle Reach has resulted in water delivery impacts on Friant 
Division long-term contractors, reduced ability of the FKC to convey flood waters during wet 
periods, and reduced ability to implement provisions of the Water Management Goal as 
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described in Paragraph 16 of the San Joaquin River Restoration Settlement (Settlement). The 
reduced delivery of water via the Friant-Kern Canal under long-term Friant Division contracts, 
the Recovered Water Account (RWA), and Unreleased Restoration Flows (URFs) also reduces 
funding necessary to implement the Restoration Goal provisions of the Settlement as described 
in Paragraph 11.  

The purpose of the Project is to restore the conveyance capacity of the FKC Middle Reach to 
such capacity as previously designed and constructed by Reclamation, as provided for in the San 
Joaquin River Restoration Settlement Act (Public Law 111-11, Title X, Part III(a)(1)). The 
purpose of this Study is to describe the formulation, evaluation, and comparison of alternatives 
that address Project planning objectives and identify a Recommended Plan consistent with 
Federal authorizations and requirements. Information developed through the Study will be used 
in preparation of required environmental compliance documentation. 

Planning Objective 

The planning objective is to restore the capacity of the FKC in the Middle Reach from Mile Post 
(MP) 88.2 to MP 121.5 to address the subsidence-induced and original design deficiency 
capacity reductions. The FKC was designed to convey water at a normal capacity for the delivery 
of water under CVP contracts, and maximum capacity for the short-term conveyance of flood 
flows.  

Organization of this Report 

This report is organized as follows: 

• Chapter 1 provides background information about the study and related studies, projects, 
and programs. 

• Chapter 2 provides an overview of the water and related resources, problems, 
opportunities, and constraints. 

• Chapter 3 describes the initial alternative formulation process. 

• Chapter 4 presents the No Action Alternative and the two Feasibility Alternatives in 
terms of major features, costs, and other defining characteristics. 

• Chapter 5 presents benefit cost analyses of the Feasibility Alternatives and identifies a 
Recommended Plan. 

• Chapter 6 describes the Recommended Plan. 

• Chapter 7 presents findings.  
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• Chapter 8 presents recommendations. 

• Chapter 9 provides a list of sources consulted in preparation of this report. 

This report is supported by several appendices, attachments, and exhibits that provide greater 
technical detail used in the evaluation of project feasibility. The organization hierarchy of the 
Draft Recommended Plan Report is shown in Figure 1-1. 

 

Figure 1-1. Draft Recommended Plan Report Document Hierarchy  

Federal Authorities 

The Study is being prepared to support feasibility determinations in accordance with the 
following Federal authorities: 

• San Joaquin River Restoration Settlement (Title X, Subtitle A) provisions of Public Law 
[P.L.] 111-11 (Settlement Act), the Omnibus Public Land Management Act of 2009;  

• Section 9603, Extraordinary Operation and Maintenance Work Performed by the 
Secretary, of P.L. 111-11; and 

• The Water Infrastructure Improvements for the Nation Act (WIIN Act) (P.L. 114-322) of 
2016. 
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P.L. 111-11 
The Project and Study is authorized and funded in part by Sections 10201 and 10203(a) of the 
Settlement Act. 

Section 10201: 

“(a) The Secretary of the Interior (hereafter referred to as the ‘Secretary’) is 
authorized and directed to conduct feasibility studies in coordination with 
appropriate Federal, State, regional, and local authorities on the following 
improvements and facilities in the Friant Division, Central Valley Project, 
California:  

(1) Restoration of the capacity of the Friant-Kern and Madera Canal to 
such capacity as previously designed and constructed by the Bureau of 
Reclamation...  

(b) Upon completion of and consistent with the applicable feasibility studies, the 
Secretary is authorized to construct the improvements and facilities identified in 
subsection (a) in accordance with applicable Federal and State laws.  

(c) The costs of implementing this section shall be in accordance with Section 
10203 and shall be a nonreimbursable Federal expenditure.”  

Section 10203(a):  

“(a) The Secretary is authorized and directed to use monies from the fund 
established under section 10009 to carry out the provisions of section 
10201(a)(1), in an amount not to exceed $35,000,000.” 

Shortly following enactment of P.L. 111-11, Reclamation began evaluating the restoration of the 
capacity of the FKC and Madera Canal jointly. However, due to unique differences in the design 
and construction of these canals, Reclamation, in agreement with FWA and Madera-Chowchilla 
Water and Power Authority, separated the authorized funding as follows: $25 million for the 
FKC; and $10 million for the Madera Canal (Reclamation 2011). Of the $25 million for the 
FKC, approximately $6.1 million has been obligated and about $18.9 million remains available 
to study and implement projects that address FKC restored capacity, including the Project. 
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Project construction is also authorized under Section 9603, which addresses Extraordinary 
Operation and Maintenance Work Performed by the Secretary. 

9603 (a) IN GENERAL.—The Secretary or the transferred works operating entity 
may carry out, in accordance with subsection (b) and consistent with existing 
transfer contracts, any extraordinary operation and maintenance work on a 
project facility that the Secretary determines to be reasonably required to 
preserve the structural safety of the project facility. 

(b) REIMBURSEMENT OF COSTS ARISING FROM EXTRAORDINARY 
OPERATION AND MAINTENANCE WORK.—  

(1) TREATMENT OF COSTS.—For reserved works, costs incurred by the 
Secretary in conducting extraordinary operation and maintenance work will 
be allocated to the authorized reimbursable purposes of the project and 
shall be repaid within 50 years, with interest, from the year in which work 
undertaken pursuant to this subtitle is substantially complete. 

(2) AUTHORITY OF SECRETARY.—For transferred works, the Secretary is 
authorized to advance the costs incurred by the transferred works operating 
entity in conducting extraordinary operation and maintenance work and 
negotiate appropriate 50-year repayment contracts with project 
beneficiaries providing for the return of reimbursable costs, with interest, 
under this subsection: Provided, however, That no contract entered into 
pursuant to this subtitle shall be deemed to be a new or amended contract 
for the purposes of section 203(a) of the Reclamation Reform Act of 1982 
(43 U.S.C. 390cc(a)). 

WIIN Act 
Authorization and funding for planning has been provided under authority of the WIIN Act. The 
WIIN Act addresses the needs of the nation’s harbors, locks, dams, flood protection, and other 
water resources infrastructure critical to the economic growth, health, and competitiveness. The 
WIIN Act authorizes appropriations for Federal funding for the final design and construction of 
water storage projects and extends the authorization for Federal feasibility studies. 

Unless directed otherwise by Congress, all costs for studies, report preparation, and review that 
falls under the WIIN Act authorization must be shared with a non-Federal cost-sharing partner. 
Costs will be accounted for and in-kind services valued in accordance with Uniform 
Administrative Requirements, Cost Principles, and Audit Requirements for Federal Awards (2 
CFR 200). Cost-sharing must be in the form of in-kind services, cash payments, or a combination 
of the two. Unless authorizing legislation specifies a cost-share formula, the minimum non-
Federal cost-share will be 50 percent of the total study costs. 

The WIIN Act is applicable to non-reimbursable federal expenditures for authorized purposes. 
The Settlement Act authorizes non-reimbursable federal expenditures to restore the designed and 
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constructed capacity of the FKC, thus, the WIIN Act is applicable for up to 50 percent federal 
non-reimbursable funding for the Project. 

Local Authorities 

The FWA is a Joint Powers Authority (JPA) public agency formed through its members under 
California law to operate and maintain the FKC and to represent its members in policy, political, 
and operational decisions that could affect the Friant Division of the CVP. FWA was formed in 
2004 as the successor agency to the Friant Water Users Authority, which began FKC operations 
and maintenance (O&M) under agreement with Reclamation in 1986. 

FWA maintains a professional staff with expertise in project operations, finance, and technical 
services that perform all on-going services related to the FKC O&M and represent their member 
entities. During the past 25 years, FWA has conducted several O&M actions along the FKC, 
including panel replacements, canal embankment seepage control, gate maintenance and repairs, 
automated monitoring, and control systems implementation. 

As the responsible O&M entity for the FKC, FWA is leading the planning, permitting and design 
of the Project in coordination with Reclamation. FWA is the lead agency for environmental 
compliance pursuant to CEQA and will be responsible for the construction and O&M of the 
Project, if implemented. 

Study Area 

The study area, shown in Figure 1-2, encompasses the FKC from MP 88.2 (Fifth Avenue check) 
to MP 121.5 (Lake Woollomes check), the service areas of six1 Friant Division long-term 
contractors that can experience water supply reductions as a result of capacity restrictions in this 
reach, and the areas that would be directly affected by construction-related activities. 

                                                           
1 The six affected Friant Division long-term contractors include: Arvin-Edison Water Storage District, Delano-Earlimart 

Irrigation District, Kern-Tulare Water District, Saucelito Irrigation District, Shafter-Wasco Irrigation District, and 
Southern San Joaquin Municipal Utility District. 
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Figure 1-2. Study Area 
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Background 

The FKC has a maximum design capacity of 5,300 cubic feet per second (cfs), gradually 
decreasing to 2,500 cfs to accommodate conveyance for downstream water demand. However, 
the maximum conveyance capacity has not been actualized due to several factors. Original 
design assumptions regarding the roughness or Manning’s “n” value were found inaccurate 
shortly following construction completion. As a result, the FKC operating capacity is less than 
designed. Capacity has been further reduced by additional canal surface roughness with age, 
vegetation within canal sections, changes in water delivery patterns, localized seepage through 
embankments, and regional land subsidence. 

In conjunction with the adjacent land, the canal has subsided. The FKC was designed with a 
relatively flat gradient, approximately 6 inches per mile, which makes it vulnerable to capacity 
reductions from subsidence. In particular, the section from MP 99 to MP 116 has subsided the 
most, with a significant localized depression between MP 103 and MP 107 that experienced 
subsidence greater than 10 feet since the FKC was constructed. 

Over the decades, several efforts have been made to restore the canal capacity. In the late 1970s, 
Reclamation addressed subsidence-associated capacity reduction between MP 99 and MP 116 by 
raising the concrete lining on the canal. In the 1980s, Reclamation performed a subsequent lining 
raise between MP 0.0 and MP 28.5 that increased the canal capacity from 5,000 cfs to the design 
capacity of 5,300 cfs. While these efforts were successful, capacity restrictions continue to limit 
water deliveries throughout most of the canal. 

The Settlement Act authorized the Secretary of the Interior to study, construct, and fund FKC 
capacity restoration to the original designed and constructed capacity. Under this authorization, 
Reclamation, identified four alternatives to restore the capacity of the entire FKC. However, the 
cost of all alternatives exceeded the available funding, which led to a focus on first restoring the 
Upper Reach from MP 29.14 to MP 88.2. Alternatives to restore capacity in the Upper Reach 
also exceeded the available funding. Reclamation presented the estimated costs to restore 
capacity of the Upper Reach to a group of Friant Division long-term contractors and FWA staff 
in September 2015. From that meeting, the contractors determined they would take the lead in 
identifying a path forward and report back to Reclamation.  

In February 2017, FWA observed that a flow of 1,900 cfs was encroaching on the top of the liner 
and the lower chords of some bridges in the portions of the FKC Middle Reach (MP 88.2 to MP 
121.5). In December 2017, FWA, on behalf of the Friant Division long-term contractors, 
provided their recommendations to Reclamation to complete appropriate feasibility, design, and 
compliance documents for the FKC Middle Reach and apply any remaining funds toward 
construction. To temporarily reduce capacity constraints in the Middle Reach of the FKC before 
the Project is constructed, FWA also implemented an Immediate Repairs Project which installed 
a temporarily liner between 103.85 to MP 106.32 in the winter of 2018-2019. 



Chapter 1 
Introduction 

Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
Draft Recommended Plan Report October 2019 – 1-9 

The Project is part of the FWA’s approach to restore the design capacity of the entire FKC. The 
approach, with Reclamation’s guidance and approval, will be implemented through projects 
located in three reaches of the FKC, based on the operational characteristics of the canal as well 
as the nature of the corrective actions to be accomplished. Reaches with the greatest capacity 
reduction will be prioritized, and all reaches will be designed to restore the original design 
capacity of the FKC: 

• Upper Reach Capacity Correction Project – this project will address design capacity 
reduction in the FKC from approximately MP 29 (Downstream Kings River Siphon) to 
MP 88 (Fifth Avenue Check). As noted above, this project was previously evaluated by 
Reclamation and has an estimated cost of $140 million in 2014 dollars; 

• Middle Reach Capacity Correction Project – this project, which is the subject of this 
Report, will address design and subsidence capacity reduction in the FKC from 
approximately MP 88 (Fifth Avenue Check) to MP 121 (Woollomes Check). The Project 
includes the Immediate Repairs Project (MP 103.6 to MP 107.3). If the Project includes 
modifications at the same location, the Immediate Repair improvements will be removed 
and replaced with Project actions. The Project will be coordinated with the FKC Pump-
back Project, also authorized by the SJRRS Act, to the extent possible to identify 
infrastructure affected by both projects in the Middle Reach; and 

• Lower Reach Capacity Correction Project – this project will address capacity reduction in 
the FKC from approximately MP 121 to the canal terminus at MP 152. The project will 
also coordinate with FKC Pump-back Project for affected infrastructure in the Lower 
Reach. The extent of work required in the Lower Reach has not been evaluated at this 
time and does not impact the Project. 

As of December 2018, Reclamation and the FWA finalized a Financial Assistance Agreement 
(FAA) for the FKC Capacity Correction Project (R19AC00013). The FAA describes authorized 
federal funding sources including the Settlement Act and the WIIN Act. 

Related Studies, Projects, and Programs 

The following is a summary of pertinent previous studies and current activities that affect the 
Study. 

1960s – Reclamation Technical Memorandum No. 661 

In the 1940s and 1950s, Reclamation constructed several large concrete canals and subsequently 
found they were incapable of conveying the flows specified in the original designs. In response, 
Reclamation conducted a technical investigation of several canals, including the FKC, to 
determine the cause of conveyance limitations in canals and published its findings in Technical 
Memorandum No. 661 – Analyses and Descriptions of Capacity Tests in Large Concrete-Lined 
Canals (Reclamation 1964). A major conclusion from the Technical Memorandum No. 661 was 
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that the basic hydraulic loss formulas used during the design of the large concrete canals required 
adjustment. Specifically, the original designs for the FKC used a Manning’s “n-value” (or 
friction coefficient) of 0.014 for concrete-lined sections. Results from the Technical 
Memorandum No. 661 demonstrated that the friction coefficient for concrete-lined sections 
ranges from 0.015 to 0.019. 

1970s – Reclamation Friant-Kern Canal Liner Raise 

In the late 1970s, Reclamation addressed subsidence problems along the FKC between MP 99 to 
MP 116. In the 16.5-mile stretch, the concrete lining was raised between 1 foot and 4.5 feet 
above the top-of-canal lining. To accommodate the canal lining raise, Reclamation raised four 
concrete bridges approximately 3 feet (Ave. 112, Ave. 88, Ave. 80, and Road 192) and 
reconstructed and raised a farm bridge by 4.5 feet. When raising the bridges, Reclamation also 
modified attached utility pipe crossings. In conjunction with the liner raise and bridge work, 
Reclamation adjusted several turnouts, drain inlets, check structures, and culverts. 

1980 – Reclamation Upper Reach Work 

Between 1977 and 1980, Reclamation authorized, designed, and constructed a lining raise 
between the FKC headworks at MP 0.00 and the Kings River Check at MP 28.50. This work was 
necessitated by an increase in water demand and operational control. Thus, the initial maximum 
capacity of the FKC was increased from 5,000 cfs to 5,300 cfs and the design deficiency in this 
reach was corrected. The details for this construction can be found in Reclamation specification 
DC-7295. 

2002 – FWA Liner Raise 

In 2002, FWA installed an 18-inch concrete liner raise, from MP 75.77 (Spruce Bridge) to just 
downstream of MP 76.37 (Marinette Bridge). The purpose of this project was to both address 
subsidence and increase the flow capacity from 3,950 cfs to 4,300 cfs. 

2018-2019 – Immediate Repairs 

During the winter of 2018 to 2019, FWA undertook a series of repairs to increase the capacity of 
the Middle Reach to the extent possible while the Project is implemented. FWA installed a 
0.045-inch-thick reinforced polypropylene liner between MP 103.85 and MP 106.32, coated five 
bridges with a protective sealant, repaired or reinforced utility supports spanning bridges, and 
mud-jacked as necessary to control seepage. 

San Joaquin River Restoration Program 

The Settlement Act, included in Public Law 111-11 and signed into law on March 30, 2009, 
authorizes and directs the Secretary of the Interior to implement the Stipulation of Settlement of 
Natural Resource Defense Council (NRDC) et al. v. Kirk Rodgers et al. (Settlement), which 
ended an 18-year legal dispute over the operation of Friant Dam and resolved longstanding legal 
claims brought by a coalition of conservation and fishing groups led by the NRDC. Reclamation 
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is the Federal lead agency for the San Joaquin River Restoration Program (SJRRP). Along with 
Reclamation, the National Marine Fisheries Service (NMFS), U.S. Fish and Wildlife Service 
(USFWS), California Department of Water Resources (DWR), and California Department of 
Fish and Wildlife (CDFW) are implementing agencies.  

The Settlement establishes two goals: (1) the Restoration Goal is to restore and maintain fish 
populations in good condition in the main stem of the San Joaquin River below Friant Dam to 
the confluence of the Merced River, including naturally reproducing and self-sustaining 
populations of salmon and other fish, and (2) the Water Management Goal is to reduce or avoid 
adverse water supply impacts to all of the Friant Division long-term contractors that may result 
from the Interim Flows and Restoration Flows provided for in the Settlement. 

To achieve the Water Management Goal, Paragraph 16 of the Settlement and Part III of the 
Settlement Act provide for actions to recapture Restoration Flows and increase access to water 
supply during wet hydrologic conditions, including restoration of the capacity of the FKC and 
Madera Canal. The reduced capacity of the FKC constrains Reclamation’s ability to implement 
actions to achieve the Water Management Goal. 

Interim Flows for experimental purposes began in 2009, and Restoration Flows began January 1, 
2014. Current channel capacity constraints limit the ability to release full Restoration Flows.  
The flows will increase gradually over the next several years as channel capacity is increased 
through the implementation of SJRRP actions. 

Friant-Kern Canal Capacity Restoration Feasibility Study 
Part III of the Settlement Act authorizes Reclamation to conduct feasibility studies on restoration 
of the designed and constructed capacity of the FKC and Madera Canal. In 2011, Reclamation 
completed a Draft Feasibility Report for the FKC with the planning objective to improve the 
water deliveries and reliability within a funding constraint of $25,000,000. Estimated costs to 
restore the original designed and constructed capacity of the entire FKC exceeded the available 
funding. Therefore, the feasibility study alternative focused on raising the canal lining in the 
Upper Reach from the Kings River Siphon outlet (MP 29.14) to the 5th Avenue Check (MP 
88.2). Based on the Draft Feasibility Report recommendations, Reclamation prepared a 60 
percent design and cost estimate for the Upper Reach of the FKC, which found the project 
formulation was not feasible within the funding authorized in the Settlement Act. 

Part III Financial Assistance for Local Projects 
Part III of the Settlement Act authorizes Reclamation to provide financial assistance to local 
agencies within the Friant Division of the CVP for the planning, design, environmental 
compliance, and construction of local facilities to bank water underground or recharge 
groundwater. A project will be eligible if all or a portion of the project is designed to reduce, 
avoid, or offset the quantity of expected water supply impacts to Friant Division long-term 
contractors caused by Restoration Flows in the San Joaquin River released pursuant to the 
Settlement. 
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Reclamation completed Guidelines for the Application of Criteria for Financial Assistance for 
Local Projects under Part III of Public Law 111-11 (Guidelines) in consultation with Friant 
Division long-term contractors. The Guidelines provide a framework for obtaining Federal 
financial assistance for Friant Division groundwater recharge and/or banking projects as 
authorized by Part III. Consistent with statutory requirements of Part III of the Settlement Act, 
Office of Management and Budget cost principles and Reclamation policy, the Guidelines 
address the contents of a complete Planning Report and cost-share agreement. 

Several Part III Projects have been constructed and are in operation in the Study Area and result 
in an increased ability to recharge groundwater. This increase in recharge capability can increase 
demand during wet hydrologic periods when FKC flows are typically highest. The reduced 
capacity of the FKC constrains the ability to deliver water to Part III projects. 

Friant-Kern Canal Reverse Flow Pump-back Project 
In September 2016, Reclamation and FWA entered into FAA Number R16AC00106 for the 
Friant-Kern Canal Reverse Flow Pump-back Project whereby FWA will perform the planning, 
environmental compliance documentation, and design and construction of Reverse Flow Pump-
back Facilities. Reclamation initially studied permanent pump-back facilities along the southern 
portion of the FKC as part of the SJRRP. Reclamation evaluated permanently increasing 
pumping capacities to 200 cfs at the Shafter Check Structure and 75 cfs at the Lake Woollomes 
and Deer Creek Check structures. Building on the appraisal study, FWA is considering sizing the 
Reverse Flow Pump-back to improve water management during drought conditions. The 
MRCCP involves coordination with the Pump-Back Facilities Project. 

Sustainable Groundwater Management Act 

A three-bill package, known as the Sustainable Groundwater Management Act (SGMA), was 
passed by the California legislature and signed into law by Governor Edmund G. Brown in 2014. 
This legislation, amended in 2015, allows local agencies to customize groundwater sustainability 
plans to their regional economic and environmental needs, and creates a framework for 
sustainable, local groundwater management. The act defines sustainable groundwater 
management as the “management and use of groundwater in a manner that can be maintained 
during the planning and implementation horizon without causing undesirable results” such as 
land subsidence and water quality degradation. 

The Study Area includes several high-priority basins under SGMA due to the severity of 
groundwater overdraft. As a result of this designation, the managing agencies or groundwater 
sustainability agencies (GSA) in the area are required to adopt groundwater sustainability plans 
(GSP) by January 31, 2020. The GSAs have twenty years to implement their GSPs and achieve 
their sustainability goal in the basin by 2040.  
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Chapter 2  
Water Resources and Related Conditions 

One of the most important elements of any water resources evaluation is defining existing 
conditions in the study area, the associated problems and opportunities, and how these conditions 
may change in the future. This chapter describes these critical topics which will provide 
guidance for the solutions presented in subsequent chapters. 

Existing Conditions in Study Area 

The existing and likely future conditions are used to establish the basis of comparing potential 
alternative plans, a process consistent with PR&G, NEPA, CEQA, and Reclamation D&S 
Standards. This section briefly discusses existing conditions in the study area. 

Surface Water 

The major surface water resources in the study area are the San Joaquin River and its tributaries. 
The San Joaquin River is the second longest river in California. It originates in the Sierra Nevada 
mountain range at an elevation of approximately 12,000 feet above mean sea level and carries 
snowmelt from mountain meadows to the valley floor before turning north and becoming the 
backbone of tributaries draining into the San Joaquin Valley. The San Joaquin River discharges 
to the Sacramento-San Joaquin Delta from the south and, ultimately, to the Pacific Ocean 
through San Francisco Bay. 

Groundwater 

The San Joaquin Valley Groundwater Basin, Figure 2-1, makes up the southern two-thirds of the 
400-mile-long, northwest-trending, asymmetric trough of the Central Valley regional aquifer 
system (Page 1986). The study area overlies two main hydrologic regions within the San Joaquin 
Valley Groundwater Basin: The San Joaquin River Hydrologic Region and the Tulare Lake 
Hydrologic Region. 

The San Joaquin River Hydrologic Region consists of surface-water basins that drain into the 
San Joaquin River system, from the Cosumnes River basin in the north through the southern 
boundary of the San Joaquin River watershed (DWR 1999). Aquifers in the San Joaquin Valley 
Groundwater Basin typically extend to depths of 800 feet. The San Joaquin River Hydrologic 
Region relies heavily on groundwater, accounting for approximately 30 percent of the region’s 
annual water supply for agricultural and urban uses (DWR 2003). 
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Figure 2-1. San Joaquin Valley Groundwater Basin and Sub-basins 
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The Tulare Lake Hydrologic Region is a closed drainage basin at the south end of the San 
Joaquin Valley, and encompasses the Kings, Westside, Pleasant Valley, Kaweah, Tulare Lake, 
Tule, and Kern County groundwater sub-basins. In the hydrologic region, the primary aquifer 
extends 1,000 feet below the surface (DWR 2003). The Tulare Lake Hydrologic Region also 
relies heavily on groundwater supplies; groundwater use has historically accounted for 41 
percent of the total annual water supply within the region and for 35 percent of all groundwater 
use in California. Groundwater use in this hydrologic region represents approximately 10 percent 
of the state’s total agricultural and urban water use (DWR 1998). 

Friant Division of the Central Valley Project 

The Friant Division of the CVP provides water to over one million acres of irrigated land on the 
east side of the southern San Joaquin Valley. Principal features of the Friant Division include 
Friant Dam and Millerton Lake, and the Madera and Friant-Kern canals. 

Friant Dam and Millerton Lake 

Friant Dam is a concrete gravity dam that impounds Millerton Lake on the San Joaquin River, 
located about 16 miles northeast of Fresno near the community of Friant. The dam, owned and 
operated by Reclamation, began releasing water from Millerton Lake in 1942. The lake has a 
capacity of 524 thousand acre-feet (TAF) which is typically filled during late spring and early 
summer from snowmelt. Prior to SJRRP implementation, annual water allocations draw down 
the reservoir storage to minimum levels by the end of September. Post-SJRRP implementation, 
the reservoir will reach minimum storage levels during late fall to early winter. 

Friant Dam releases water deliveries to the Friant-Kern and Madera canal through outlet works. 
Outlets to the Madera Canal are located on the right side of the dam and outlets to the Friant-
Kern Canal are located on the left. There is also a river outlet works located to the left of the 
spillway within the lower portion of the dam. The Friant Power Authority owns and operates 
powerhouses located on the FKC and Friant Dam river outlets that have a combined capacity of 
about 30 megawatts. 

Madera Canal 

The Madera Canal, operated and maintained by the Madera and Chowchilla Water and Power 
Authority, is a 36-mile-long canal that begins at Millerton Lake and terminates at the Chowchilla 
River. The canal was designed with an initial capacity of 1,000 cfs at the headworks, decreasing 
to 625 cfs at the Chowchilla River. In 1965, the canal lining was raised from the headworks to 
MP 2.09, increasing the capacity in that reach to 1,250 cfs. 

Friant-Kern Canal 

The FKC, operated and maintained by FWA, is a 152-mile, gravity canal that spans from Friant 
Dam south to the Kern River. The FKC has a maximum design capacity of 5,300 cfs, gradually 
decreasing to 2,500 cfs to accommodate conveyance for downstream water demand. However, 
maximum design capacity has not been actualized. Original design assumptions regarding the 
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roughness or Manning’s “n” value were found inaccurate shortly following completion of the 
canal, resulting in capacity reductions. The capacity has been further reduced because of 
increased canal surface roughness with age, vegetation within canal sections, changes in water 
delivery patterns, localized seepage through canal embankments, and land subsidence. As 
described in Chapter 1, the Project focuses on the Middle Reach of the FKC, from MP 88.2 to 
MP 121.5, which comprises four segments, as described below. The features and structures of 
the Middle Reach FKC are depicted in Figure 2-2A and 2-2B and summarized in Table 2-1. For 
more detail, refer to Appendix B Feasibility Alternatives Engineering Design and Cost. 

Segment 1: 5th Ave. to Tule River   The first (most upstream) segment of the Project is about 
13 miles long and extends from the 5th Ave. Check (MP 88.2) to the Tule River (MP 95.6). It 
was designed for a normal flow of 3,500 cfs and a design maximum flow of 4,500 cfs. Sixteen 
state/county bridges cross the FKC in this segment and one bridge runs parallel to a siphon. In 
addition, this segment includes seven turnouts, three siphons, one wasteway, and one weir. 

Segment 2: Tule River to Deer Creek   The second segment is about seven miles long and 
extends from Tule River (MP 95.6) to Deer Creek (MP 102.7). It was designed for a normal flow 
of 3,000 cfs and a maximum flow of 4,000 cfs. Six state/county bridges one farm bridge, and one 
bridge parallel to a siphon cross the FKC in this segment. In addition, this segment includes ten 
turnouts and one siphon.  

Segment 3: Deer Creek to White River   The third segment is about 10 miles long and extends 
from Deer Creek (MP 102.7) to White River (MP 112.9). It was designed for a normal flow of 
3,000 cfs and a maximum flow of 4,000 cfs.. Ten state/county bridges and two farm bridges 
cross the FKC in this segment. In addition, this segment includes, nine turnouts, one siphon, and 
one wasteway in this segment.  

Segment 4: White River to Woollomes   The fourth segment is about eight miles long and 
extends from White River (MP 112.9) to Lake Woollomes (MP 121.5). It was designed for a 
normal flow of 2,500 cfs and a design maximum flow of 3,000 cfs. Eight state or county bridges, 
two farm bridges, and one abandoned railroad bridge cross the FKC in this segment. In addition, 
this segment includes 12 turnouts, one siphon, and one reservoir structure (Lake Woollomes). 
The downstream limit of the Project is MP 121.5. 
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Figure 2-2A. Existing Canal Diagram Segments 1 and 2 
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Figure 2-2B. Existing Canal Diagram Segments 3 and 4
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Table 2-1. Friant-Kern Canal Structures by Segment 

Structures 
Segment 1 

5th Ave. to Tule 
River 

(MP 88.2 – 95.6) 

Segment 2 
Tule River. to 
Deer Creek 

(MP 95.6 – 102.7) 

Segment 3 
Deer Creek to 
White River 

(MP 102.7 – 112.9) 

Segment 4 
White River. to 

Woollomes 
(MP 112.9 – 121.5) 

Bridges, 
State/County 16 6 10 8 

Bridges, Farm 0 1 2 2 

Bridges, Other 1 1 0 1 

Turnouts 7 10 9 12 

Siphons 3 1 1 1 

Other Structures 1 Wasteway, 1 Weir 0 1 Wasteway 1 Reservoir Structure 
 

Note: Bridges, Other refers to the bridges parallel to siphons or the abandoned railroad bridge. 

Friant Division Water Contracts 

Reclamation holds most of the water rights on the San Joaquin River, allowing diversions at 
Friant Dam through purchase and exchange agreements with entities, or long-term contractors. 
Thirty-two Friant Division long-term contractors in Madera, Fresno, Kings, Tulare and Kern 
counties supply water to over 1.2 million acres of irrigated land, several small rural communities, 
and large urban areas. 

Reclamation employs a two-class system of water contracts in the Friant Division. Class 1 
contracts total 800 TAF and are dependable water supply and are generally assigned to 
agricultural and urban water users who have limited access to good quality groundwater. Class 2 
contracts total approximately 1,401 TAF and, because of its uncertainty as to availability and 
timing, Class 2 contracts are considered undependable in nature and are applicable only when 
Reclamation makes available. Class 2 contracts support regional conjunctive use and are the 
basis to provide water supplies for groundwater replenishment during wetter years. Contract 
amounts for all Friant Division long-term contractors are listed in Table 2-2 and locations are 
shown in Figure 2-3.  
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Table 2-2. Friant Division Long-Term Contractors and Friant Water Authority Membership 

Friant Division 
Long-Term Contractor1 

FWA 
Membership Class 1  

Contract 
Class 2 

Contract Total Contract 
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(AF) (% of 
Total) (AF) (% of 

Total) (AF) (% of 
Total) 

Chowchilla WD  X 55,000 6.9 160,000 11.4 215,000 9.8 
Madera ID  X 85,000 10.6 186,000 13.3 271,000 12.3 
Gravelly Ford WD   - 0.0 14,000 1.0 14,000 0.6 
Madera County   200 0.0 - 0.0 200 0.0 
Fresno County   150 0.0 - 0.0 150 0.0 
Garfield WD X  3,500 0.4 - 0.0 3,500 0.2 
International WD X  1,200 0.2 - 0.0 1,200 0.1 
City of Fresno X X 60,000 7.5 - 0.0 60,000 2.7 
Fresno ID X X - 0.0 75,000 5.4 75,000 3.4 
Tri-Valley WD X  400 0.1 - 0.0 400 0.0 
Hills Valley ID X X 1,250 0.2 - 0.0 1,250 0.1 
City of Orange Cove X  1,400 0.2 - 0.0 1,400 0.1 
Orange Cove ID X X 39,200 4.9 - 0.0 39,200 1.8 
Stone Corral ID X  10,000 1.3 - 0.0 10,000 0.5 
Ivanhoe ID X  6,500 0.8 500 0.0 7,000 0.3 
Kaweah Delta Water 
Conservation District X X 1,200 0.2 7,400 0.5 8,600 0.4 

Tulare ID X X 30,000 3.8 141,000 10.1 171,000 7.8 
Exeter ID X  11,100 1.4 19,000 1.4 30,100 1.4 
Lewis Creek WD X  1,200 0.2 - 0.0 1,200 0.1 
City of Lindsay X  2,500 0.3 - 0.0 2,500 0.1 
Lindsay-Strathmore ID X X 27,500 3.4 - 0.0 27,500 1.2 
Lindmore ID X X 33,000 4.1 22,000 1.6 55,000 2.5 
Lower Tule River ID X  61,200 7.7 238,000 17.0 299,200 13.6 
Porterville ID X X 15,000 1.9 30,000 2.1 45,000 2.0 
Saucelito ID X X 21,500 2.7 32,800 2.3 54,300 2.5 
Terra Bella ID X X 29,000 3.6 - 0.0 29,000 1.3 
Tea Pot Dome WD X  7,200 0.9 - 0.0 7,200 0.3 
Delano-Earlimart ID X  108,800 13.6 74,500 5.3 183,300 8.3 
Kern-Tulare WD X X - 0.0 5,000 0.4 5,000 0.2 
Southern San Joaquin MUD X  97,000 12.1 45,000 3.2 142,000 6.5 
Shafter-Wasco ID X  50,000 6.3 39,600 2.8 89,600 4.1 
Arvin-Edison Water Storage 
District X X 40,000 5.0 311,675 22.2 351,675 16.0 

Total Contract (AF) 800,000 1,401,475 2,201,475 
 

Note: 1Contractors listed in a north to south orientation  
Key: 
AF = acre-feet 
FKC = Friant-Kern Canal 
FWA = Friant Water Authority 
ID = irrigation district 
MUD = municipal utility district 
O&M = operations and maintenance 
WD = water district 
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Figure 2-3. Friant Division Long-Term Contractors 
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In addition, Friant Division long-term contractors can obtain surface water in accordance with 
Section 215 of the Reclamation Reform Act of 1982 and under the provisions of Paragraph 16(b) 
of the Settlement. Section 215 authorizes Reclamation to deliver water that cannot be stored and 
otherwise would be released in accordance with flood management criteria or unmanaged flood 
flows. Delivery of Section 215 water has enabled the replenishment of San Joaquin Valley 
groundwater at higher levels than otherwise could be supported with Class 1 and Class 2 contract 
deliveries. Paragraph 16(b) provides for the delivery of water during wet hydrologic conditions 
at a cost of $10 per acre-foot, when water is not needed for Restoration Flows. 

Friant Division long-term contractors schedule deliveries through daily water orders to 
Reclamation at Friant Dam. Due to long-standing irrigation practices, water delivery amounts 
vary by day of the week; water delivery demands are generally higher mid-week and lower on 
weekends. A review of historical releases at the FKC headworks from 2000 to 2017 
demonstrates that daily demand can vary by week, month, and water year type. During a week, 
daily demand can vary by as much as 30 percent during July, at the peak of the irrigation season 
(Figure 2-4). The magnitude and timing of the variations fluctuate in accordance with the water 
year type; the largest variations occur during the peak irrigation months of dryer years and late 
irrigation months of wet years, as shown in Figure 2-5. 

 

Figure 2-4. Variation of Daily Friant Dam Releases to Friant-Kern Canal During July 2010 
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Figure 2-5. Average Daily Distribution Pattern by Water Year Type from 1921-2003 

Land Use and Agricultural Resources 

The Friant Division of the CVP contains some of the most productive lands in California, with 
the study area containing the top three agricultural producing counties in the nation (USDA 
2007). The primary land uses in the study area are agriculture, urban, and open space; agriculture 
accounts for the majority of land use, with urban and open space accounting for only a small 
percentage. Table 2-3 shows the acreages of land use by the Friant Division long-term 
contractors that receive water deliveries from the FKC. 
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Table 2-3. Existing Land Uses in Friant Division Long-Term Contractors  

Friant Division 
Long-Term Contractor 

Land Use (acres) 
Agricultural Open Space Urban Total 

Chowchilla ID 85,869 0 2,250 88,119 
Madera ID 123,830 1 6,882 130,713 
Gravelly Ford WD 8,431 0 0 8,431 
Madera County* 0 0 154 154 
Fresno County WW No. 18 251 2 0 253 
Garfield WD 1,813 0 0 1,813 
International WD 724 0 0 724 
City of Fresno 0 1,210 88,790 90,000 
Fresno ID 187,489 64 60,336 247,889 
Tri Valley WD* 1,800 2,700 0 4,500 
Hills Valley ID* 3,500 800 0 4,300 
City of Orange Cove 286 0 674 960 
Orange Cove ID 29,163 0 116 29,279 
Stone Corral ID 6,882 0 0 6,882 
Ivanhoe ID 10,983 0 0 10,983 
Kaweah Delta Water 
Conservation District* 299,000 11,000 30,000 340,000 

Tulare ID 69,293 0 4,220 73,513 
Exeter ID 14,078 0 1,136 15,214 
Lewis Creek WD 1,297 0 0 1,297 
City of Lindsay 415 0 1,113 1,528 
Lindsay-Strathmore ID 15,628 0 492 16,120 
Lindmore ID 27,483 0 214 27,697 
Lower Tule River ID 102,159 932 185 103,276 
Porterville ID 15,842 0 1,194 17,036 
Saucelito ID 19,826 0 0 19,826 
Terra Bella ID 13,642 0 272 13,914 
Tea Pot Dome WD 3,581 0 0 3,581 
Delano-Earlimart ID 56,264 0 353 56,617 
Kern-Tulare WD 17,433 2,639 0 20,082 
Southern San Joaquin MUD 56,233 79 5,308 61,620 
Shafter-Wasco ID 36,042 0 2,952 38,994 
Arvin-Edison WSD 128,941 220 3,691 132,852 

Total 1,338,178 19,647 210,332 1,568,157 
 

Source: Draft SJRRP PEIS/R. 
* Friant Division Atlas 
Key: 
ID = Irrigation District 
MUD = Municipal Utility District  
WD = Water District 
WSD = Water Storage District 

Problems, Needs, and Opportunities 

Four predominant problems in the study area impact Friant Division water supply delivery and 
reliability: FKC design deficiency, groundwater overdraft, subsidence, and reduced canal 
capacity. These problems can be addressed through the Settlement Act, other provisions of P.L. 
111-11, the WIIN Act, and the local implementation of SGMA. 
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Friant-Kern Canal Design Deficiency 

The FKC was built prior to the development of Reclamation’s current Design Standards No. 3, 
Release No. DS-3-5, dated 1967, and revised in 1994. As such, assumptions used in the original 
design led to an inability to achieve design conveyance capacity. 

The design deficiency was recognized in the 1940s and 1950s when Reclamation observed that 
many large concrete canals were incapable of conveying flows specified in the original designs. 
This problem prompted a study on several canals in the 1950s, including the FKC. Reclamation 
documented the conclusions and results of this study in their early 1960s Technical 
Memorandum No. 661 – Analyses and Descriptions of Capacity Tests in Large Concrete-Lined 
Canals. Through Part III of the Settlement Act, Reclamation is authorized to restore the original 
design capacity. 

Groundwater Overdraft 

Groundwater overdraft is a regional problem that directly impacts FKC water deliveries. 
Overdraft occurs when use exceeds the recharge rate of an aquifer. Through an extensive 
evaluation process, the State classified which groundwater basins are subject to critical 
conditions of overdraft.1  According to Bulletin 118 (DWR 2016), five subbasins in the Tulare 
Lake Hydrologic Region (Kings, Tulare Lake, Kern County, Kaweah, and Tule) and three 
subbasins in the San Joaquin River Hydrologic Region (Chowchilla, Eastern San Joaquin, and 
Madera) are subject to critical conditions of overdraft. 

These eight subbasins are subject to critical conditions of overdraft as a result of limited access 
to surface water during dry hydrologic periods and widespread agricultural land use. The reduced 
FKC capacity, as a result of subsidence, affects Friant Division water deliveries to lands in some 
of these subbasins. As FKC capacity decreases, Friant Division contractors will likely meet their 
water needs with additional groundwater, causing groundwater levels to further decline. As 
groundwater levels decrease, the risk grows for impaired water quality, reduced water storage, 
and increased subsidence. To mitigate these risks, GSAs are developing GSPs under SGMA 
requirements. As the plans go into effect, it is likely that water users will adopt water 
management practices that include greater conservation of groundwater and surface water, yet 
their ability to implement these actions will be limited due to reduced capacity in the FKC. 

Subsidence 

Subsidence is a consequence associated with groundwater overdraft. When groundwater is 
extracted faster than the natural rate of replenishment, the water suspending fine-grained 
sediments are removed and the sediments compact, resulting in subsidence. 

Subsidence is an ongoing regional issue, which was exacerbated during the 2012 to 2016 
drought. Data from an interferometric synthetic aperture radar (InSAR) shows regional land 
                                                           
1 Bulletin 118, Update 1980 defines a groundwater basin subject to critical conditions of overdraft “when continuation of present water 

management practices would probably result in significant adverse overdraft related environmental, social, or economic impacts.”  
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subsidence from May 2015 to September 2016 lowered the land surface elevation by as much as 
25 inches; within the FKC Middle Reach, the land subsided between 5 and 20 inches during this 
16-month period (Figure 2-6). 

 

Figure 2-6. Recent Subsidence in the Friant Division 

The FKC is located over the eastern portion of the regionally subsided area. As of July 2018, it is 
estimated that the FKC is approximately 12 feet below the original constructed elevation, 
creating a significant low point in the Middle Reach between MP 103 and MP 107 (Figure 2-7). 
Subsidence, and its consequences for the FKC, can be minimized through implementation of 
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both SGMA and the Settlement Act. With the implementation of GSPs, it is expected that 
subsidence will lessen over time. While the GSPs address the root cause of subsidence, the 
Settlement Act provides the authority to restore the original design capacity of the FKC. To 
minimize the potential recurrence of this problem, design improvements should include features 
to accommodate future subsidence. 

 

Figure 2-7. Schematic Illustration Along Friant-Kern Canal 

Reduced Canal Capacity 

As shown in Figure 2-8, the canal capacity is well below its designed maximum flow. The 
capacity reduction causes the water surface to encroach upon the operating freeboard and, at 
times, approach the top of the existing concrete liner. Operating canals at reduced freeboard 
increases seepage, which can damage the liner and increase risk of embankment failure. Higher 
water surface elevations can also adversely affect bridges, utilities, and other infrastructure. 

During wet years, the reduced canal capacity limits the delivery of surface water supplies that 
would be used for groundwater replenishment, thereby creating an even greater reliance on 
groundwater supply. During dry years, contractors in the Friant Division conjunctive use area 
rely more on groundwater than surface water. The increased groundwater pumping reduces 
groundwater levels, which can further exacerbate subsidence and reduce the FKC capability to 
deliver surface water. 
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Figure 2-8. Friant-Kern Canal 2017 Capacity 



Chapter 2 
Water Resources and Related Conditions 

Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
Draft Recommended Plan Report October 2019 – 2-17 

Likely Future Without-Project Conditions Summary 

The magnitude of potential water resources and related problems, needs, and opportunities is 
based not only on the existing conditions described above, but also on how these conditions may 
change in the future. Predicting future conditions is complicated by a variety of factors, including 
uncertainty regarding future regulatory requirements, ongoing programs and projects in the study 
area, future land subsidence, SGMA implementation, and future hydrologic conditions. The 
likely future without-project conditions represent the No Action Alternative, as discussed further 
in Chapter 4. 

San Joaquin River Restoration Program Implementation 

Physical changes to the San Joaquin River from Friant Dam to the Merced River are being 
implemented by the SJRRP and are assumed to be in place in the future without-project 
condition. These changes include levee modifications associated with incorporating new 
floodplain and related riparian habitat in the San Joaquin River, structure modifications to ensure 
fish passage, and channel capacity changes to accommodate Restoration Flows. The release of 
Restoration Flows will result in reductions to Friant Division water supplies. 

Implementation of the SJRRP is progressing more slowly than planned due to unforeseen 
conditions and funding limitations. Currently, the release of full Restoration Flows is not 
possible due to downstream channel capacity constraints. As a result, URFs have been made 
available to Friant Contractors. The availability of URFs will decrease as channel improvements 
enable greater releases of Restoration Flows. Stage 1 SJRRP Implementation is scheduled to be 
completed by 2024 (SJRRP, 2018). The SJRRP anticipates project implementation would enable 
the release of full Restoration Flows no later than 2030. If that occurs, water deliveries to Friant 
Division contractors will decrease to levels anticipated by the SJRRP no later than the year 2030. 

SGMA Implementation 

Over the coming decades, SGMA will be implemented by GSAs. The eight high priority basins 
will have from 2020 until 2040 to come into compliance. Since the GSPs are still under 
development, the specific projects, programs, and anticipated timelines could not be included in 
this Study. Despite these unknowns, it is likely that SGMA implementation will include changes 
in agricultural practices and cropping patterns, reduction in irrigated acreage, and 
implementation of local and regional water management programs. 

Future Subsidence 

The performance of alternative designs should be evaluated relative to potential future 
conditions, particularly as it relates to subsidence. Subsidence projection studies relevant to the 
Middle Reach of the FKC are being developed in support of the Eastern Tule Basin GSA using 
the Tule Subbasins Groundwater Model.  
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To support evaluations presented in this Study, four potential groundwater pumping and 
hydrologic scenarios were evaluated to identify potential future subsidence along the alignment 
of the FKC. Results for each scenario are provided by decade (2030 – 2070), cumulating in a 
total of 20 potential subsidence profiles in the project area. Because it is not feasible to evaluate 
each design alternative over all subsidence projections, it is necessary to define a small number 
of potential conditions that represent a reasonable range of future outcomes. To achieve this, 
results were grouped into the following potential future subsidence conditions: 

• Group 1. Minimal Mid-Term Subsidence Condition; 

• Group 2. Moderate Mid-Term Subsidence Condition; 

• Group 3. Severe Mid-Term Subsidence Condition; and 

• Group 4. Severe Long-Term Subsidence Condition. 

Each of the potential future subsidence conditions are based on achieving SGMA compliance by 
the year 2040, and residual subsidence continuing to the year 2070 and no subsidence thereafter. 
The subsidence conditions vary based on hydrologic assumptions and the timing of groundwater 
pumping reductions from current pumping levels to anticipated pumping levels that would 
achieve SGMA compliance.  

Both Groups 1 and 2 represent conditions that are similar to today’s groundwater pumping and 
may come to fruition by the time the Project is constructed with little addition subsidence 
thereafter. Group 4 represents a worst-case scenario in terms of both hydrology and timeframe to 
achieve SGMA compliance and is thus unlikely. Therefore, the future subsidence condition 
described by Group 3, Severe Mid-Term Subsidence Condition, was selected as most 
representative for use in the evaluation of Project alternatives.  

The results of Group 3 indicate that about 8.5 feet of additional subsidence could occur on the 
FKC by the year 2070 (see Figure 2-9). For a detailed explanation, please refer to Appendix B 
Engineering Design and Cost, Attachment 3 Selection of Future Subsidence Condition.  
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Figure 2-9. FKC Profiles Under Future Subsidence Scenarios  
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Chapter 3  
Initial Alternatives 

The plan formulation process to the Study is based on the PR&G (CEQ 2013) and consists of the 
following deliberate and iterative steps: 

1. Specify the water and related land resources problems and opportunities associated with 
the Federal objective and specific State and local concerns. 

2. Inventory, forecast, and analyze existing and projected future resources conditions in the 
study area. 

3. Formulate alternative plans. 

4. Evaluate the potential effects of alternative plans. 

5. Compare alternative plans. 

6. Select a recommended plan to decision makers based on the comparison of alternatives. 

Alternatives formulation was accomplished through a two-step approach: the Initial Alternative 
evaluation and Feasibility Alternative evaluation. This chapter describes the first step of the 
formulation, evaluation and comparison of Initial Alternatives and the selection of alternatives to 
be carried forward for evaluation as Feasibility Alternatives. Information in this chapter is 
supported with additional detail provided in Appendix A Initial Alternatives Formulation. 

Project Planning Horizon 

The Project is intended to be integrated into a long-term solution to restore capacity of the entire 
FKC, as part of the FWA’s approach to restore the design capacity of the entire FKC. The 
planning horizon is 100 years, which is consistent with the expected service life of large civil 
engineering projects. 

Planning and Resource Constraints 

The primary constraints that affect the Project are funding availability and physical boundary 
conditions. 

Funding Constraints 

As described in Chapter 1, two Federal funding sources are currently available for the Project. 
These include SJRRP non-reimbursable funds of about $19 million and 2019 WIIN Act 
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appropriations of about $2.2 million. WIIN Act appropriations are subject to a 50 percent cost 
share. 

Boundary Conditions 

When designing either a new canal or modifications to an existing canal, the first step is to 
identify the boundary conditions, or the required (design) water levels at each end of the system. 
Boundary conditions may be difficult to define, especially since they can change significantly 
with relatively minor changes to the Project. Although the upstream and downstream limits for 
this Project are the 5th Avenue Check and the Lake Woollomes Check, hydraulics were analyzed 
from the 5th Avenue Check through the canal terminus at the Kern River Check. The boundary 
condition was considered the Kern River Check because the Project needs to be compatible with 
any future modifications in the Lower Reach. From the analysis, it was determined that the 
hydraulic head varies about 25 feet between 5th Avenue Check and the Kern River. Of this, 
approximately 20 feet is required for the canal gradient and the remaining 5 feet is required to 
accommodate for losses at canal structures, including bridges, turnouts, checks, and siphons. 

The boundary conditions, along with the Project objectives, were used to establish a proposed 
hydraulic grade line (HGL). The proposed HGL was set as low as possible to minimize 
embankment raise requirements and the need to modify bridges. All management measures 
considered, and subsequent Project alternatives, are based on the proposed HGL. The proposed 
HGL is shown in Figure 3-1. 

 



Chapter 3 
Initial Alternatives 

Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
Draft Recommended Plan Report October 2019 – 3-3 

 

Figure 3-1. Canal Profile with Proposed Hydraulic Grade Line 
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Initial Alternatives Formulation 

The Initial Alternatives Formulation describes the development, evaluation, and comparison of a 
set of seven Initial Alternatives. From the evaluation, two Initial Alternatives were selected for 
further development in this Study. For more detail, refer to Appendix A Initial Alternatives 
Formulation. 

Measures Considered 

In the formulation of Initial Alternatives, several structural measures were identified that could 
contribute to the Project objective of restoring the design FKC flow capacity. Nonstructural 
measures were not considered because the SJRRS Act requires the restoration of the originally 
designed and constructed capacity, which cannot be achieved through the implementation of 
nonstructural actions. Structural measures were organized into the following categories: canal 
enlargement, pumping plant, new canal, bridge modification, and other. Of the measures 
identified, several were selected for development into Initial Alternatives investigated in this 
Study (Table 3-1). 

Table 3-1. Measures to Restore Friant-Kern Canal Capacity 

Resource Management Measure Status Rationale 
Canal Enlargement   

Raise Canal Retained Raising the canal would contribute to the Project 
objectives. 

Raise and Widen Entire Cross Section Removed 
This measure is cost prohibitive and raises 
constructability concerns. Dropped from further 
consideration, 

Raise and Widen Upper Portion of 
Cross Section Retained Enlarging the canal would contribute to Project 

objectives. 
Pumping Plant   

Pumping Plant Retained The addition of a pumping plant would help restore 
capacity, thus contributing to Project objectives. 

New Canal   

Bypass Canal Retained A bypass canal would restore capacity, though not in the 
original FKC. 

Parallel Canal Retained A parallel canal would restore capacity, though not in the 
original FKC. 

Bridge Modification   

Bridge Raise Retained A bridge raise does not sufficiently meet Project 
objectives but is an operational requirement. 

Bridge Replacement Retained 
A bridge replacement does not sufficiently meet Project 
objectives but is an operational requirement to be 
included. 

Other   

Pipeline Removed 
Initial hydraulic analysis revealed that headlosses would 
be greater than the available head, and project would 
require a pump station(s) to move water. This would be 
more costly than other available options. 
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Capacity Restoration Objectives for Initial Alternatives 

As stated in Chapter 1, the objective of the Project is to restore the capacity of the FKC as 
previously design and constructed, consistent with SJRRS Act authority. This involves restoring 
the original design capacity of the FKC consistent with current Reclamation design standards for 
Normal and Design Maximum flow rates. The design of all Initial Alternatives was based on a 
canal capacity equal to the Design Maximum Flow Rate (Table 3-2). Canal lining depths were 
based on the normal depths at the Design Maximum Flow Rates plus the lined freeboard criteria 
for normal operations. The design flow rates were used to develop the HGL profiles for the 
Initial Alternatives. This approach is considered conservative and is inclusive of all potential 
flow and freeboard design requirements that may be considered in future evaluations. 

Table 3-2. Design Flow Rates for Initial Alternatives 

Canal 
Section 

No. 
Canal Segment 

(MP to MP) 
Description 

(Check to Check) 
Normal Flow Rate 

(cfs) 
Design Maximum 
Flow Rate (cfs) 

4 88 to 95.67 5th Avenue to Tule 3,500 4,500 

5 95.67 to 112.90 Tule to White River 3,000 4,000 

6.1 112.90 to 128.69 White River to HWY 99 2,500 3,500 
6.2 128.69 to 130.03 HWY 99 to Poso 2,500 3,000 

 

Key: 
cfs = cubic feet per second 
HWY = highway 
MP = mile post 

Initial Alternatives  

Seven Initial Alternatives were developed to meet the Project objective using the management 
measures. A brief overview of each alternative is provided below. A summary of features of each 
Initial Alternative is provided in Table 3-3. 

Initial Alternative 1: Canal Enlargement 
Initial Alternative 1 would increase the capacity of the FKC by either raising the embankments 
and the concrete liner or raising and widening the embankments and liner. To raise and widen 
the canal, a portion of the existing liner would be removed, a bench would be cut into the 
existing grade, the embankment would be widened, and liner would be extended on the bench 
and the raised embankment. This approach would minimize land acquisition requirements; 
however, 67 miles of embankment would be modified.  

Initial Alternative 2: Pump Station at MP 109 
Initial Alternative 2 would change the FKC from a gravity canal to a pumped canal. When flows 
are high and cannot be conveyed by gravity, water would be diverted from the original canal at 
MP 109, into a forebay, then pumped back into the original canal. The initial pump station 
design includes eight 250-cfs pumps. In the event of a power failure, water would be directed 
into a 400-acre emergency reservoir to prevent a surge. 
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Initial Alternative 3: Pump to Woollomes 
In Initial Alternative 3, capacity restoration would be achieved by moving water from the 
original canal into an approximately 10-mile-long bypass canal and pumping it into Lake 
Woollomes. The existing canal would be used to maintain deliveries within the bypassed section.  

Initial Alternative 4A: Bypass Canal-Tule River to White River 
Alternative 4A is an offset bypass canal that would move water into a new canal at the Tule 
River and connect back into the existing canal at White River. The existing canal would be used 
solely to maintain deliveries between the two checks.  

Initial Alternative 4B: Bypass Canal-Tule River to Woollomes 
Initial Alternative 4B is the same as Initial Alternative 4A but extends to Lake Woollomes.  

Initial Alternative 5A: Parallel Canal-Tule River to White River 
Initial Alternative 5A is a combination of the canal enlargement and parallel canal measures. The 
parallel canal would run from Tule River to White River.  

Initial Alternative 5B: Parallel Canal-Tule River to Woollomes 
Initial Alternative 5B is the same as Initial Alternative 5A but extends to Lake Woollomes.  
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Table 3-3. Initial Alternative Features Summary 

Alternative Capital 
Cost (M) 

Present Worth 
Additional 
OM&R (M) 

Material 
Balance1 

(1,000 yd3) 

ROW 
Required 
(acres)2 

Bridge 
Modification3 

Stream 
Crossing 

Embankment 
Modification 

(mi) 
1: Canal 
Enlargement $290 $0.3 -1,550 170 17 0 66 

2: Pump 
Station at MP 
109 

$270 $3.1 +542 522 14 0 52 

3: Pump to 
Woollomes $380 $3.5 +945 622 23 1 27 

4A: Bypass 
Canal—Tule 
River to White 
River 

$300 $1 +1,750 508 18 1 32 

4B: Bypass 
Canal—Tule 
River to 
Woollomes 

$320 $1.4 +2,418 650 24 2 20 

5A: Parallel 
Canal—Tule 
River to White 
River 

$300 $0.9 Balanced 321 18 0 49 

5B: Parallel 
Canal—Tule 
River to 
Woollomes  

$300 $1.3 Balanced 390 24 0 43 

 

Notes: 
1 Negative values indicate borrow and positive values indicate surplus. 
2 ROW required is the additional ROW needed outside the existing Reclamation ROW. 
3 Modifications can be a raise, replace, or new bridge. Farm bridge modifications are not included in this count. 
Key: 
M = million dollars 
mi =miles 
MP = mile post 
OM&R = operations, maintenance, and replacement 
yd3 = cubic yard 

Evaluation and Comparison of Initial Alternatives 

The seven Initial Alternatives were evaluated and scored based on five criteria and several 
related sub-criteria, as listed in Table 3-4. The criteria addressed: (1) constructability, (2) 
operational requirements and flexibility, (3) cost, (4) schedule, and (5) environmental 
compliance and permitting. The evaluation and scoring considered both current (2018 survey) 
and projected future land surface elevations. Scoring results were evaluated as unweighted and 
weighted based on Project priorities of cost and schedule. A summary of the ranking results 
based on existing land surface is shown in Figure 3-2. The results from this analysis, as well as 
an analysis that considered potential future subsidence, revealed that Alternatives 1 and 5 
consistently ranked highest. On the basis of these findings, Alternatives 1 and 5 were selected for 
further evaluation. Additional information on the Initial Alternatives evaluation can be found in 
Appendix A Initial Alternatives Formulation. 
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Table 3-4. Initial Alternatives Evaluation Criteria and Sub-Criteria 

I. Constructability 
II. Operational 

Requirements and 
Flexibility 

III. Cost IV. Schedule 
V. Environmental 
Compliance and 

Permitting 

CON-1. Complexity to 
Maintain Water 
Deliveries during 
Construction 

OPS-1. Additional 
O&M Requirements 
and Expertise of FWA 
Staff 

COST-1. 
Construction 
Cost* 

SCH-1. Time to 
Start Construction 

ENV-1. Complexity of 
Required 
Environmental 
Compliance 

CON-2. Ability to O&M 
during Construction 

OPS-2. Operations of 
District Turnouts 

COST-2. Non-
contract Cost* 

SCH-2. 
Construction 
Duration 

ENV-2. Number of 
Stream Crossings* 

CON-3. Temporary 
Bypasses and Tie-Ins 
Needed to Construct the 
Project* 

OPS-3. Ability to 
Accommodate Power 
Outages 

COST-3. 
Present Worth 
Additional 
OM&R Costs* 

SCH-3. Time Until 
Benefits Realized 

ENV-3. Number of 
Bridges* 

CON-4. Extent of 
Dewatering 

SCH-4. Potential 
to Phase 
Construction 

ENV- 4. Length of 
Modified Existing 
Embankment* 

CON-5. Material 
Balance*  

SCH-5. Land 
Acquisition* 
SCH-6. Schedule 
Risk 

 

Note: 
*Qualitative sub-criterion 
Key: 
O&M = operations and maintenance 
OM&R = operations, maintenance, and replacement 

 

Figure 3-2. Evaluation and Comparison of Initial Alternatives 
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Selection of Alternatives for Feasibility-Level Evaluation 

Alternatives 1 and 5 were further evaluated following the failure of California Proposition 3 in 
November 2018, a potential non-Federal funding source for the Project. The additional 
evaluation considered various design capacity and freeboard requirements for Initial Alternatives 
1 and 5 with the objective of identifying challenges that may be associated with Project phasing. 

Estimates of material quantities and costs were prepared for Initial Alternatives 1 and 5 under the 
following capacity and freeboard options: 

• Option 1 - Maximum Historical Flow with Flood Freeboard.  This option was defined 
based on a review of historical peak flows in each segment of the FKC. The existing 
flood freeboard was applied based on the assumption that historical peak flows were 
associated with the conveyance of flood flows. This condition occurs during the delivery 
of 215 water supplies and, in some instances, the delivery of Class 2 water supplies. 

• Option 2 - Design Normal Flow with Standard Freeboard. This option was defined 
based on the original normal design flow using the current standard freeboard 
requirements. 

• Option 3 - Design Maximum Flow with Flood Freeboard. This option was defined 
based on the original maximum design flow using the current flood freeboard 
requirements. 

• Option 4 - Design Maximum Flow with Standard Freeboard. This option was defined 
based on the original maximum design flow using the current standard freeboard 
requirements. This assumption was applied in the assessment of all Initial Alternatives. 

A summary of results of the additional analysis of Initial Alternatives is presented in Table 3-5. 
Based on this analysis, the following alternatives were selected for evaluation as Feasibility 
Alternatives: 

• Initial Alternative 1 Option 1, hereafter referred to as Canal Enlargement, was selected 
for feasibility evaluation because it identifies modifications necessary to maintain 
continued operations of the FKC consistent with historical operations. While this capacity 
the original designed capacity, this information may be beneficial in evaluating cost 
allocation requirements.  

• Initial Alternative 5 Option 3, hereafter referred to as Parallel Canal, was selected for 
feasibility evaluation. Option 3 would restore the canal to the original design capacity.
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Table 3-5. Additional Analysis of Initial Alternatives for Selection of Feasibility Alternatives 

Quantity 
Alternative 1 Alternative 5 

Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4 
Length of Modified Canal (miles) 17.10 24 31 31 17.08 24 31 31 
Length of Modified FKC Embankment 
(miles) 34.20 47.20 62.00 62.00 17.08 23.60 38.40 38.43 

Permanent ROW required (acres) 0 0 154 170 218 299 371 386 

Number of Parcels for Permanent ROW 0 16 131 165 70 87 189 182 
Excavation of Existing Canal (1,000 
cubic yards) 190 577 4,015 3,709 1,533 3,014 4,871 4,875 

Embankment Material Required (1,000 
cubic yards) 1,883,537 2,690,072 4,359,154 5,259,535 3,110,475 3,968,826 3,552,038 4,459,080 

Material Balance (Borrow) or Waste 
(1,000 cubic yards) (1,694) (2,113) (344) (1,551) (1,578) (955) 1,319 416 

Borrow / Waste Disposal ROW (acres) 210 326 469 488 195 403 396 448 

Lining Required (thousand square yards) 405 488 1,612 1,686 968 1,327 1,845 1,946 

Bridge Raise 2 2 3 3 0 0 1 1 

Bridge Replacement/New Bridge 16 17 17 17 19 27 27 27 

Total Project Cost ($M) $150 $191 $298 $316 $192 $270 $309 $330 
Low Cost Range (-25% on Field Costs; 
$M) $113 $144 $228 $240 $147 $208 $236 $252 

High Cost Range (+25% on Field Costs; 
$M) $185 $235 $369 $391 $236 $334 $381 $405 

 

Note: The ROW information presented in this table was calculated using two map layers. One layer called record ROW shows the right-of-way for the Friant-Kern Canal as 
described in the deed maps on record with the Bureau of Reclamation. Any misclosures or overlaps that occur reflect the problems contained within the legal description.  The 
other layer called adjusted ROW shows the approximation of the right-of-way boundaries corrected and adjusted based upon minimal survey control. This information is not to 
be considered official or final and is only intended to show discrepancies and or problems between the deed and preliminary survey evidence recovered in the field. 

Key: 
$M = Million Dollars 
FKC = Friant-Kern Canal 
ROW = Right of Way 
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Chapter 4  
Feasibility Alternatives 

This chapter provides a description of the No Action Alternative and the two Feasibility 
Alternatives. The physical features of the Feasibility Alternatives, as well as the costs and 
anticipated permitting requirements, are summarized below and evaluated further in Chapter 5. 

No Action Alternative 

The No Action Alternative represents a projection of reasonably foreseeable future conditions 
that could occur if no action is taken to address current and projected future capacity reductions 
to the FKC (i.e., the future without the proposed Project). Reclamation recommends several 
criteria for including proposed future actions within the No Action Alternative: proposed actions 
should be (1) authorized; (2) approved through completion of NEPA, CEQA, Endangered 
Species Act (ESA), and other compliance processes; (3) funded; and (4) permitted. The No 
Action Alternative is considered the basis for comparison with the Recommended Plan, 
consistent with NEPA and the PR&G (CEQ 2013) guidelines. Therefore, if no proposed action is 
determined feasible, the No Action Alternative is the default option. 

Under the No Action Alternative, Reclamation and FWA would not take additional actions 
towards restoring the capacity of the Middle Reach of the FKC. However, four foreseeable 
actions have been identified that affect future conditions: SJRRP implementation, continued 
subsidence, SGMA implementation, and CVP water delivery rescheduling in Millerton Lake. 

SJRRP Implementation 

Under the No Action Alternative, water supply availability to Friant Division long-term 
contractors will decrease as San Joaquin River channel improvements are implemented that 
allow for increased and ultimately full release of Restoration Flows. As shown in Figure 4-1, 
simulated long-term average annual Friant Division deliveries under the current level of SJRRP 
implementation is estimated at 1,119 TAF per year. As of October 2019, release of full 
Restoration Flows is not possible due to downstream channel capacity constraints. With full 
release of Restoration Flows to the San Joaquin River, anticipated by 2030, long-term annual 
average deliveries to the Friant Division would be reduced to about 1,052 TAF. 
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Figure 4-1. Simulated Friant Division Delivery Capability with SJRRP Implementation 

Under the No Action Alternative, the current capacity-restricted condition of the FKC would 
continue to limit affected Friant Division long-term contractors’ ability to receive water during 
periods of peak demand or peak flow. This could impact the ability of the contractors to take 
delivery of water under Paragraph 16 (b) of the Settlement “for the purpose of reducing or 
avoiding impacts to water deliveries to all of the Friant Division long-term contractors caused by 
the Interim and Restoration Flows,” thus limiting the Secretary of the Interior’s ability to achieve 
the Water Management Goal in the Settlement. As subsidence continues, water delivery impacts 
associated with decreased canal capacity would increase. 

Future Subsidence 

Under the No Action Alternative subsidence is expected to continue throughout the project area. 
As described in Chapter 2, a groundwater model of the Tule Subbasin was developed to simulate 
potential future groundwater and land subsidence conditions in support of planning for SGMA 
compliance. As described in Chapter 2 a condition of Severe Mid-Term Subsidence conditions 
was selected for use in Project evaluations, resulting in the maximum total subsidence 
displacement from the current condition of each year described in Table 4-1.  
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Table 4-1. Maximum Simulated Additional Subsidence in the Middle Reach of the FKC 

Year Displacement from Current 
Condition (ft) 

2025 3.9 
2030 6.7 
2040 8.5 
2070 9.5 

Key: 
ft = feet 

 

SGMA Implementation 

In response to reduced deliveries from Friant Dam as a result of SJRRP implementation and 
FKC capacity reduction, affected Friant Division long-term contractors would likely increase 
groundwater pumping. However, the duration of this response will be limited. SGMA 
implementation is expected to limit allowable groundwater pumping to amounts less than 
historical and current amounts. SGMA requires that actions to achieve sustainable groundwater 
management be in place no later than 2040. Therefore, it is assumed that any increased 
groundwater pumping in response to surface water reductions due to SJRRP Restoration Flow 
increases and FKC capacity limitations would be gradually reduced to zero by 2030. 

Water Delivery Rescheduling 

It is reasonable to expect the Friant Division long-term contractors would take some action to 
minimize water delivery shortages by rescheduling affected water deliveries in Millerton Lake. 
The potential for rescheduling affected water supplies is based on the following factors: 

• Water demands for affected Friant Division contractors that would be served by non-
Friant Division water supplies (local surface water, groundwater, or other supplies). 

• Available storage capacity in Millerton Lake. 

• Available capacity in the FKC to convey rescheduled water supplies.  

The potential to reschedule affected Friant Division water deliveries in Millerton Lake was 
simulated by creating an account to track the storage of affected water supplies. Water in the 
rescheduled water account would be the first water subject to spill to assure that all existing 
obligations for the operation of Friant Dam would continue under existing priorities. Water 
would be diverted from the rescheduled water storage account to the FKC in months when 
demand that would be served by other supplies is available, as constrained by available 
conveyance capacity in the FKC. 

Water would remain in the rescheduled storage account, including into successive years, until the 
account is evacuated, or flood releases are made from Friant Dam to the San Joaquin River. It is 
assumed that the rescheduled supplies would result in a shifting the timing of groundwater 
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pumping and local surface water supply use to continue to meet demands in districts that would 
have a reduction in allocated CVP water supplies due to FKC capacity limitations. When 
capacity in the FKC is available to deliver rescheduled supplies, this would come at a time that 
would offset typical use of groundwater pumping or local surface water supplies.  

Feasibility Alternative Plans 

Based on the evaluation of Initial Alternatives, two alternatives were carried forward for an 
evaluation at a feasibility level. The Parallel Canal Alternative was developed based on 
refinements to Initial Alternative 5 Option 3, which includes construction of a new canal parallel 
to the FKC and modifying the FKC where possible to convey maximum design flow of the 
original authorized project. The Canal Enlargement Alternative was developed based on 
refinements to Initial Alternative 1 Option 1, which includes modifying the FKC to convey 
maximum capacity based on maximum historic flow. A summary of design capacity and 
freeboard requirements for the Feasibility Alternative Plans is provided in Table 4-2. 

Table 4-2. Design Capacity and Freeboard Requirements in Feasibility Alternatives 

 Canal Enlargement Parallel Canal 
Capacity (cfs) Freeboard (ft) Capacity (cfs) Freeboard (ft) 

Segment 1 4,008 1.12 4,500 1.12 
Segment 2 3,497 1.08 4,000 1.08 
Segment 3 2,888 1.08 4,000 1.08 
Segment 4 2,490 1.03 3,500 1.03 

 

Key:  
cfs = cubic feet per second 
ft = feet 

In refining the retained Initial Alternatives, additional detail was developed regarding turnouts 
and canal crossings, consideration was given to minimizing ROW requirements, and 
modifications were made to minimize material hauling requirements. Descriptions of Feasibility 
Alternatives are provided below.  

Parallel Canal Alternative 

The Parallel Canal Alternative was refined after the Initial Alternatives Formulation in terms of 
alignment, water delivery strategy (turnouts), canal cross-section design, road crossings, check 
structures, utilities, and costs. A single-line schematic showing features included in the Parallel 
Canal Alternative is provided in Figure 4-2A and Figure 4-2B. As shown, the Parallel Canal 
Alternative includes a combination of modifications to the existing FKC and the construction of 
a new parallel canal immediately to the east of the FKC. The selection of canal modification or 
parallel canal was made based on the extent of modifications that would be required to the FKC. 
The parallel canal would be constructed in reaches where land subsidence has occurred to an 
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extent that raising and widening the FKC to achieve the design capacity is considered less 
practical. Features of the Parallel Canal Alternative are described in the following sections. 

Canal Alignment and Cross Sections 
In comparison to Initial Alternative 5, significant refinements were incorporated in the Parallel 
Canal Alternative regarding the canal alignment and the cross sections. Initial Alternative 5 was 
based on a parallel canal from the 5th Avenue Check to either White River or Lake Woollomes, 
and the continued operation of the existing FKC for deliveries in the bypassed reaches. 

Through the refinement process, the length of the parallel canal portion of this alternative was 
reduced. In some locations, it was found that modifying the FKC to achieve the objective 
conveyance capacity would be more practical than constructing a parallel canal. It was also 
found that retaining long segments of the existing FKC to provide deliveries in the bypassed 
segments would require modifications to several turnouts. In light of these refinements, the 
Parallel Canal Alternative was revised to a configuration that includes modifications to the FKC 
and the construction of a replacement parallel canal. 

Where constructed, the parallel canal would be the exclusive water conveyance and delivery 
mechanism and most of the existing FKC would be demolished, filled in, and taken out of 
service. This approach was selected due to the numerous benefits it provides; it would reduce 
ROW acquisition requirements, reduce material hauling during canal earthwork, provide access 
to existing material, improve constructability, and would provide greater long-term durability. 

The Parallel Canal Alternative would include modifications to the current FKC alignment from 
5th Ave. Check (MP 88) to Ave. 152 (MP 96.3). Through this reach, the cross section of the 
existing FKC would be enlarged with a 24-foot bench on either side to increase canal capacity to 
meet the Design Maximum flow rate of 4,500 cfs in this segment, as shown in Figure 4-3. From 
5th Ave. Check (MP 88) to Ave. 152 (MP 96.3) the existing bridges are estimated to be high 
enough to accommodate the new canal water surface level and the existing turnouts could 
continue to function without modification. To reduce cost, the enlarged canal would transition 
into the existing canal prism upstream and downstream from existing bridges and turnouts so that 
these structures may remain in place without modification. 

At MP 96.3, the Parallel Canal Alternative alignment would head east, away from the existing 
canal centerline, and run on a parallel alignment until it reaches Garces Highway (MP 118.96). 
In this reach, the Parallel Canal would have a regular trapezoidal shape based on the 
configuration shown in Figure 4-4. At MP 118.96, the Parallel Canal Alternative would head 
west and reconnect with the existing alignment of the FKC, which would be enlarged between 
MP 118.96 to MP 121.5 as described above and shown in Figure 4-3. 

The Parallel Canal Alternative, as described in this Report is based on canal embankments and 
liner that would achieve objective capacities if constructed at the current ground level.  The 
alternative also includes design features to accommodate anticipated future subsidence. For 
example, the siphon-type road crossings are sized to accommodate future increases in HGL.  In 
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addition, canal embankments were configured such that they could be raised without interfering 
with the operation of the restored FKC and necessary right of way to accommodate the future 
raise is included, as identified as future concrete liner raise with embankment on Figure 4-4.  
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Figure 4-2A. Parallel Canal Alternative Single-Line Diagram of Canal Segments 1 and 2  
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Figure 4-2B. Parallel Canal Alternative Single Line Diagram of Segments 3 and 4
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Figure 4-3. Compound Trapezoidal Cross Section in the Parallel Canal Alternative  

 

Figure 4-4. Trapezoidal Cross Section in the Parallel Canal Alternative  

Construction Sequencing 
The parallel canal portion of the Parallel Canal Alternative would be constructed as follows: 

1. Partially build the right bank, from existing canal left bank material, while maintaining 
water deliveries in the existing canal. 

2. Excavate the new cross section and use the excavated material to build the left bank. This 
work could be accomplished while the existing canal is in operation.  

3. Put the Parallel Canal into operation and decommission the bypassed portion of the 
existing FKC. 

4. Complete building the Parallel Canal right bank by using the decommissioned FKC right 
bank material. 

For a detailed discussion on construction sequencing, refer to Appendix B Engineering Design 
and Cost. 

Turnouts 
The Parallel Canal Alternative includes features to address water delivery at existing turnouts, 
based, in part, on input provided by Friant Division long-term contractors. The Parallel Canal 
Alternative incorporates design concepts for pressurized and gravity systems to ensure 
compatibility between the canal and the contractors’ distribution systems, maintain water 
delivery capability during construction, control overflow, and enhance operational flexibility.  
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Pressurized Turnout Modifications   In the Middle Reach, many of the 20 pressurized 
distribution systems have subsided at different rates than the land under the canal, causing 
varying differential head conditions from those used in the original system designs. All 
alternatives have been developed to achieve the proposed HGL, which is higher than the current 
water surface in the FKC. Increasing the HGL would increase head on the suction side of the 
pumping plants, which would increase the delivery head on district distribution systems. The 
removal and replacement of current pump stations at a location compatible with the current 
design was considered and dropped because of significant costs. 

The water elevation in the parallel canal would often be above the elevation of the top decks of 
existing pump stations. If a pump station were to unexpectedly shutdown, the incoming flow 
from the adjacent canal could overflow the pump station and flood the facility and surrounding 
land, resulting in equipment and property damage. To avoid the potential risk associated with 
unexpected shutdowns, the Parallel Canal Alternative includes small delivery pools at each pump 
station turnout. As shown in Figure 4-5, the delivery pool would be created by preserving small 
portions of the existing FKC. Water would flow from the parallel canal through a new pipe to the 
delivery pool which would serve as a forebay for the existing turnout pump station. The parallel 
canal alignment would be modified at the location of each pump station turnout and be 
customized to meet the specific needs of each pressurized delivery system. A list of the 
modifications proposed to the pump station turnouts is provided in Table 4-3. 

 

Figure 4-5. Example Pressurized System Turnout Design in the Parallel Canal Alternative  
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Table 4-3. Modifications at Pump Station Turnouts in the Parallel Canal Alternative 

Pump Station Turnout Canal Side MP Modification 
LID-10th W West 91.12 Unmodified 
TPDWD-Teapot Dome East 99.35 Remain Plus Delivery Pool 
SID-S2 West 102.65 Remain Plus Delivery Pool 
TBID-Terra Bella East 103.64 Remain Plus Delivery Pool 
SID-S3 West 104.96 Remain Plus Delivery Pool 
SID-S4 West 107.35 Remain Plus Delivery Pool 
DEID-56 EAST East 109.46 Remain Plus Delivery Pool 
DEID-56 West West 109.46 Remain Plus Delivery Pool 
DEID-40 North East 111.56 Remain Plus Delivery Pool 
DEID-40 West West 111.56 Remain Plus Delivery Pool 
KTWD-1 East 111.96 Remain Plus Delivery Pool 
KTWD-2 East 113.6 Remain Plus Delivery Pool 
DEID-24 East East 113.62 Remain Plus Delivery Pool 
DEID-24 West West 113.62 Remain Plus Delivery Pool 
DEID-8th West West 115.95 Remain Plus Delivery Pool 
DEID-#1 West East 116.93 Remain Plus Delivery Pool 
SSJMUD-Bassett West 117.44 Remain Plus Delivery Pool 
KTWD-3 East 117.96 Remain Plus Delivery Pool 
DEID-9th West West 118.45 Remain Plus Delivery Pool 
SSJMUD-Airport West 120.06 Unmodified 

 

Gravity Turnout Modifications   There are 18 gravity systems located in the Middle Reach, 
each of which were individually analyzed to determine an appropriate design approach. The 
analysis revealed that all existing gravity turnouts can either be preserved and reused or 
connected to new turnouts and pipelines on the parallel canal. A summary of actions for gravity 
turnouts under the Parallel Canal Alternative is provided in Table 4-4.  
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Table 4-4. Modifications at Gravity Turnouts Under the Parallel Canal Alternative 

Gravity Turnout Canal Side MP Modification 
SPUD-STRATHMORE West 89.35 Unmodified 
LID-10th E East 91.12 Unmodified 
LTRID-4 West 92.13 Unmodified 
PID-P1 West 93.86 Unmodified 
PID-Porter Slough West 94.92 Unmodified 
PID-P2 East 95.50 Unmodified 
LTRID-Tule River WW Gates West 95.64 Unmodified 
LTRID-Woods Central Ditch West 95.78 Unmodified 
PID-P3 East 96.39 Build Turnout on Parallel Canal 
LTRID-Tipton Ditch West 96.87 Build Turnout on Parallel Canal 
LTRID-Poplar Ditch N&S West & East 97.34 Build Turnout on Parallel Canal 
PID-P5 East 97.86 Build Turnout on Parallel Canal 
LTRID-Casa Blanca Ditch West 98.62 Build Turnout on Parallel Canal 
SID-S1 West 100.63 Build Turnout on Parallel Canal 
TBID-DCTRA Pits East 102.65 Build Turnout on Parallel Canal 
DEID-68 West West 107.84 Build Turnout on Parallel Canal 
DEID West 112.36 Build Turnout on Parallel Canal 
LWER East 119.55 Unmodified 
LWER East 121.49 Unmodified 

 

Checks and Siphons 
In the analysis of Initial Alternative 5, it was assumed that the parallel canal would tie-in to the 
FKC at the existing check and siphon structures at Deer Creek and White River, and that existing 
structures and gates would be raised to meet the new canal design objectives. It was expected 
that continued use of existing structures would reduce cost and environmental consequences. 
Upon further refinement, it was discovered that this approach would require significant structural 
modifications to the existing structures, would add two new road crossings (bridges) at the White 
River check, and ultimately increase the amount of bridge work and overall project cost. Thus, 
the Parallel Canal Alternative includes new checks and siphons at Deer Creek and White River. 

Road Crossings 
In the formulation of Initial Alternative 5, bridge modification options included either a raise of 
the existing bridge or replacement with a new bridge. However, after further analysis it has 
become apparent that raising or replacing bridges as part of the Parallel Canal Alternative would 
add complexity and cost. 

Designs for raising or replacing existing bridges would require that each bridge design be 
assessed for current highway and seismic design standards. It is anticipated that significant 
bridge retrofits would be required should the existing bridge infrastructure remain. In addition, 
raising or replacing bridges would require approach roadway improvements. It is estimated that 
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up to 1,800 feet of additional road work would be required per bridge, including significant 
amounts of earthwork to build up the approaches consistent with vertical curve requirements. 

Through the refinement process, raised bridges and replacement bridges have been removed 
from further consideration in the Parallel Canal Alternative in favor of siphon- type crossings 
that divert canal flow below the existing roadway and allow the road to stay at existing grade. 
Two typical siphon-type road crossing designs were developed, based on the relative elevation of 
the existing roadway in comparison to the elevation of the parallel canal. Siphon A would be 
applied in conditions where the parallel canal water surface elevation would be higher than the 
existing road elevation at the crossing, as illustrated in Figure 4-6. Siphon B would be applied in 
conditions where the parallel canal water surface elevation would be lower than the existing road 
elevation at the crossing, as illustrated in Figure 4-7. 

For either application, the existing bridge over the current FKC would be demolished and the 
abandoned portion of the FKC would be filled to road grade, with the new siphon placed under 
the new parallel canal. For bridges that fall outside of the parallel canal, no action would be 
taken. A list of anticipated modifications to bridges in the Parallel Canal Alternative is provided 
in Table 4-5. 

 

Figure 4-6. Typical Siphon A Road Crossing 

 

Figure 4-7. Typical Siphon B Road Crossing 
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Table 4-5. Road Crossing Actions in the Parallel Canal Alternative 

Name MP Modification 
6th Avenue Bridge 88.67 Unmodified 
7th Avenue Bridge 89.17 Unmodified 
Road 232 Bridge 89.45 Unmodified 
Frazier Highway 196 Bridge 89.95 Unmodified 
8th Avenue Bridge 89.95 Unmodified 
Avenue 192 Bridge 90.23` Unmodified 
Avenue 188 Bridge 91.10 Unmodified 
State Highway 65 Northbound Bridge (Double Bridge) 91.51 Unmodified 
Welcome Avenue Bridge (Avenue 184) 91.60 Unmodified 
Avenue 182 Bridge 91.85 Unmodified 
Avenue 178 Bridge 92.35 Unmodified 
W Linda Vista Avenue 92.85 Unmodified 
W North Grand Avenue Bridge 93.55 Unmodified 
N Westwood Street Bridge 94.01 Unmodified 
W Henderson Avenue Bridge 95.12 Unmodified 
Avenue 152 Bridge 96.26 Unmodified 
Avenue 144 Bridge (Highway 190) 97.35 Demo- New Road Crossing/Siphon A 
Avenue 136 Bridge 98.35 Demo- New Road Crossing/Siphon A 
Avenue 128 Bridge 99.37 Demo- New Road Crossing/Siphon A 
Hesse Avenue Bridge 100.64 Demo- New Road Crossing/Siphon A 
Avenue 112 Bridge 101.64 Demo- New Road Crossing/Siphon A 
Timber Farm Bridge 102.14 Demo- New Road Crossing/Siphon A 
Road Terra Bella Avenue (J24) 103.65 Demo- New Road Crossing/Siphon A 
Road 208 Bridge 103.72 Demo- New Road Crossing/Siphon A 
Avenue 88 Bridge 104.95 Demo- New Road Crossing/Siphon A 
Avenue 80 Bridge 106.72 Demo- New Road Crossing/Siphon A 
Farm Bridge 106.75 Demo- New Road Crossing/Siphon A 
Road 192 Bridge 107.32 Demo- New Road Crossing/Siphon A 
Avenue 64 Bridge 108.42 Demo- New Road Crossing/Siphon A 
Avenue 56 Bridge 109.45 Demo- New Road Crossing/Siphon A 
Avenue 48 Bridge 110.55 Demo- New Road Crossing/Siphon A 
Avenue 40 Bridge 111.55 Demo- New Road Crossing/Siphon A 
Road 184 Bridge 111.66 Demo and Fill 
Avenue 32 Bridge 112.57 Demo- New Road Crossing/Siphon A 
Avenue 24 Bridge 113.59 Demo- New Road Crossing/Siphon A 
Avenue 16 Bridge 114.71 Demo- New Road Crossing/Siphon B 
Avenue 8 Bridge 115.91 Demo- New Road Crossing/Siphon B 
Timber Farm (Avenue 4) Bridge (2 Bridges) 116.41 Demo- New Road Crossing/Siphon B 
County Road Avenue 0 Bridge 116.91 Demo- New Road Crossing/Siphon B 
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Table 4-5. Road Crossing Actions in the Parallel Canal Alternative (contd.) 

Name MP Modification 
Timber Farm (Avenue 4) Bridge (2 Bridges) 116.41 Demo- New Road Crossing/Siphon B 
County Road Avenue 0 Bridge 116.91 Demo- New Road Crossing/Siphon B 
Cecil Avenue Bridge 117.92 Demo- New Road Crossing/Siphon B 
9th Avenue Bridge 118.44 Demo- New Road Crossing/Siphon B 
Garces Highway Bridge 118.94 Unmodified  
Timber Farm Bridge 119.46 Unmodified  
Woollomes Avenue Bridge 120.02 Unmodified  

 

Utilities 
Numerous utilities located in, along, and across the FKC would be affected by implementation of 
the Parallel Canal Alternative. The utilities include parallel irrigation canals, fly overs, overhead 
power lines, adjacent wells, drainage siphons and irrigation crossings under the existing canal, 
and utilities connected to bridges. Depending on the location and extent of canal modifications, 
the utilities will either be relocated or entirely replaced, as determined in the final design. A 
current estimate of potentially affected utilities, based on observations made during a site visit 
during February 2019, is provided in Table 4-6. It is expected that additional utilities that would 
be affected by the Parallel Canal Alternative will be identified as design progresses. More 
detailed information on utilities is provided in Appendix B Engineering Design and Cost. 

Table 4-6. Preliminary Estimate of Modifications to Utilities for the Parallel Canal Alternative 

Utility Modification Quantity 
Parallel Overhead Powerline Relocations 14 miles 
Adjacent Groundwater Well Abandonments 23 wells 
Culvert Extensions 13 extensions 
Pipeline Overcrossing Replacements 7 replacements 
Utility Crossing Replacements 14 crossings 

Estimated Quantities and Cost 
A list of items that will be included in the summary of quantities and costs is included in Table 
4-7. A cost estimate is provided in Table 4-8. 
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Table 4-7. Parallel Canal Alternative Summary of Estimated Quantities 

 - 
Seg 1: 5th 

Ave. to 
Tule 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: 
Deer Creek 

to White 
River 

Seg 4: 
White 

River to 
Garces 

Highway 

Seg 4: 
Garces 

Highway to 
Woollomes 

- 

Design Flow (Design Maximum) (cfs) - 4,500 4,000 4,000 3,500 3,500 - 
From MP to MP - 88.2-96.67 95.67-102.7 102.7-112.9 112.9-118.96 118.96-121.5 - 
Total Canal Miles - 7.47 7.0 10.2 6.06 2.54 - 

Description 
Unit Quantity Quantity Quantity Quantity Quantity Total 

NEW CANAL 
Clearing and grubbing Acres - 102 149 95 - 346 
Pre-wetting LS - - - - - - 
Dewatering LS - - - - - - 
Excavation CY 1,050,639 1,896,999 2,710,319 1,761,749 175,558 7,595,264 
Compacted Canal Embankment construction CY 530,741 1,939,674 2,748,399 401,363 43,436 5,663,613 
Spoil Embankment  519,898 0 0 1,319,983 132,437 1,972,318 
Trimming SY 384,213 396,505 632,657 366,827 0 1,780,202 
3-1/2" thick concrete lining SY 384,213 396,505 632,657 366,827 0 1,780,202 
Furnish and Place Transverse Canal Joints LF 230,528 237,903 379,594 220,096 0 1,068,121 
Furnish and Place Longitudinal Canal Joints LF 313,720 265,534 423,682 263,499 0 1,266,435 
Ladders EA 105 99 144 92 0 440 
Aggregate base O&M road surfacing SY 105,011 98,653 149 92,245 28,701 468,565 
CHECK STRUCTURES Unit Quantity Quantity Quantity Quantity Quantity Total 
New Check/Siphon Structure - 0 1 1 0 0 2 

Existing Check Structures Demolition and Disposal - 0 1 1 0 0 2 
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Table 4-7. Parallel Canal Alternative Summary of Estimated Quantities (contd.) 

  
Seg 1: 5th 

Ave. to 
Tule River 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: 
Deer Creek 

to White 
River 

Seg 4: 
White 

River to 
Garces 

Highway 

Seg 4: 
Garces 

Highway to 
Woollomes 

 

ROAD CROSSINGS – BRIDGES Unit Quantity Quantity Quantity Quantity Quantity Total 
Canal Transitions to Existing Bridges EA 18 1 0 0 0 19 
Bridge Replacement on Existing Canal – County or 
State Bridges EA 0 0 0 0 0 0 

Bridge Replacement on Existing Canal – Farm Bridges EA 0 0 0 0 0 0 
Existing Bridge Demolition EA 0 6 12 8 0 26 
ROAD CROSSINGS – SIPHONS Unit Quantity Quantity Quantity Quantity Quantity Total 
Siphon Construction on New Canal EA 0 6 11 8 0 25 
TURNOUTS Unit Quantity Quantity Quantity Quantity Quantity Total 
Canal Transitions on Existing Canal to Existing 
Turnouts EA 7 2 0 0 3 12 

Raise/Modify Existing Turnout Top Deck and Actuators EA 0 0 0 0 0 0 
Turnouts on New Canal EA 0 9 8 6 0 23 
Delivery Pools EA 0 2 6 6 0 14 
UTILITIES Unit Quantity Quantity Quantity Quantity Quantity Total 
Parallel Overhead Powerline Relocations MI 4.5 3.5 3.0 2.5 0.5 14 
Adjacent Groundwater Well Abandonments EA 6 4 8 4 1 23 
Culvert Extensions (Each End) EA 4 5 4 0 0 13 
Pipeline Overcrossing Replacements (8" to 12") EA 0 1 2 4 0 7 

Impacted Utility Crossings (Attached to Existing Bridge 
sizes range from 4" to 24") EA 0 4 7 3 0 14 

LAND ACQUISITION Unit Quantity Quantity Quantity Quantity Quantity Total 
Impacted Parcels EA 69 17 25 20 8 139 
Permanent Land Acquisition (ROW) Acres 20 110 260 80 40 510 
Key: 
 - = Not Applicable or zero 
cfs = cubic feet per second 
CY = cubic yard 

EA = each 
LF = linear feet 
LS = lump sum 
MI = mile 

MP = milepost 
O&M = operations and maintenance 
ROW = Right of Way 
SY = square yard 
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Table 4-8. Parallel Canal Alternative Cost Estimate 

Item Reference Cost Notes/ Inclusions 
Segment 1 - 5th Ave to Tule from estimate $28,799,642    
Segment 2 - Tule to Deer Creek (New Bypass Canal) from estimate $56,507,656    
Segment 3 - Deer Creek to White River (New Bypass Canal) from estimate $91,356,060    
Segment 4 - White River to Garces Hwy (New Bypass Canal) from estimate $58,590,113    
Segment 5 - Garces Hwy to Woollomes (Widen Existing Canal) from estimate $1,943,335    
Construction Allowances, Mobilization, Startup, Commission, 
and Owner Training from estimate $4,001,997    

Subtotal   $241,198,803    
Contract Cost Allowance - Design Contingency 17% $41,003,796    
Contract Cost   $280,000,000  Rounded 

Construction Contingencies 20% $56,000,000    
FIELD COST   $340,000,000  Rounded 

Land Purchase - Construction Phase and ROW   $15,300,000  510 acres at $30,000/acre 
Environmental Mitigation 5% $17,000,000  Calculated as % of Field Cost 
Engineering, Permitting, and Construction Management 10% $34,000,000  Calculated as % of Field Cost 
Legal and Administrative 2% $6,800,000  Calculated as % of Field Cost 

Non-Contract Costs   $73,000,000  Rounded 
TOTAL CONSTRUCTION COST   $410,000,000  Rounded 

Interest During Construction 
3% Discount 
Rate $22,091,214  2.5 year construction period 

TOTAL CAPITAL COST   $430,000,000  Rounded 
Annualized Capital Costs   $16,446,466  2.875% (FY19) over 50 years 

Additional Annualized O&M Costs   $967,676  
Excludes current O&M costs; 2.875% 
(FY19) over 50 years 

TOTAL ANNUALIZED COST   $17,500,000  Rounded 
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Canal Enlargement Alternative 

The Canal Enlargement Alternative closely follows the design evaluated as Initial Alternative 1. 
The design capacity was modified based on historical maximum flows. A single-line schematic 
showing features included in the Parallel Canal Alternative is provided in Figure 4-8A and 
Figure 4-8B.  

In comparison to the Initial Alternative configuration, the concrete liner freeboard height in the 
Canal Enlargement Alternative was revised from the standard freeboard requirements applied to 
maximum design to the flood flow freeboard lining requirements applied to historical maximum 
flows. The application of revised freeboard criteria resulted in a concrete canal liner that is 1.03 
to 1.18 feet lower than originally presented in the Initial Alternative 1. Other project refinements 
have been made to the canal cross section, turnouts, and road crossings.  

Canal Alignment and Cross Section 
The Canal Enlargement Alternative design was modified in comparison to the version included 
in Initial Alternative 1. The design of the canal cross section in Initial Alternative 1 used a 24-
foot wide benched section to accommodate the maximum design flow and flood freeboard at the 
proposed HGL. The section was applied to the entire length of the Middle Reach.  

The use of historical delivery capacity for the Canal Enlargement Alternative limited the need for 
a large bench and the extent of modifications. The Canal Enlargement Alternative design 
includes enlarging the FKC from the Tule River Check (MP 95.7) to Ave. 6 (MP 115.94). A 10-
foot wide bench is included in the most subsided sections for the purpose of maintaining slope 
stability, as shown in Figure 4-9, not to provide additional cross section for conveyance capacity. 
Enlarging other portions of the canal would be accomplished by raising the lining at the current 
slope with no bench because the relatively small lining raise would not be expected to adversely 
affect slope stability.  

The Canal Enlargement Alternative, as described in this Report, is based on canal embankments 
and liner that would achieve objective capacities if constructed at the current ground level.  The 
alternative also includes design features to accommodate anticipated future subsidence. For 
example, the siphon-type road crossings are sized to accommodate future increases in HGL. In 
addition, canal embankments were configured such that they could be raised without interfering 
with the operation of the restored FKC and necessary right of way to accommodate the future 
raise is included, as indicated as the Stage 2 Raise in Figure 4-9. 
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Figure 4-8A Canal Enlargement Alternative Single Line Diagram for Segments 1 and 2 
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Figure 4-8B. Canal Enlargement Alternative Single Line Diagram for Segments 3 and 4
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Figure 4-9. Typical Canal Enlargement Cross Section with 10-ft Slope Stability Bench 

As shown in Figures 4-8A and 4-8B, the alignment of the Canal Enlargement Alternative would 
jog out to the east, away from the existing canal alignment, in the vicinity of each pumping plant 
turnout. Each jog out would include construction of a new trapezoidal canal similar to the 
trapezoidal cross section described for the Parallel Canal Alternative and shown in Figure 4-4. 

Construction Sequencing 
The enlargement of the existing canal would be constructed as follows: 

1. During an annual two-month maximum canal shutdown period, the existing canal would 
be taken out of service and drained down to a level below the original grade at the toe of 
the existing canal banks. Existing bank material would be removed, processed, and 
recompacted with added material sourced offsite to construct the new, taller banks. 
During this step, the existing canal lining and supporting bank would be left in place for 
use during the following operational period.  

2. The existing canal would be put back into service for use during the operational season.  
The existing canal would continue to operate at typical water surface elevations.  “In-
canal” work would cease until the next two-month canal shutdown period.  Work outside 
of the existing canal prism, such as parallel canal sections and siphons, could continue 
during this period. 

3. During the next shutdown period, the existing canal would be taken out of service and 
drained down to a level below the original grade at the toe of the existing canal banks. 
The portion of canal that had the bank earthwork completed in Step 1 above would have 
part of the existing lining removed, the slope stability bench constructed, and the new 
lining installed to the final elevations.  This portion of canal would then be ready to 
operate at the new water surface elevations; however, this could not be done until an 
entire canal segment (check to check) had been completed and lined. 

For a detailed discussion on construction sequencing and constraints, refer to Appendix B 
Engineering Design and Cost. 
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Turnouts 
Similar to the Parallel Canal Alternative, the Canal Enlargement Alternative includes more detail 
for modifications at pressurized and gravity turnouts. Each turnout in the Middle Reach of the 
FKC was reviewed to determine modifications that would be required to maintain compatibility 
between the enlarged canal and district distribution systems, maintain water delivery capability 
during construction, control overflow, and enhance operational flexibility. 

Pressurized Turnout Modifications   The Canal Enlargement Alternative uses the same design 
for pressurized turnouts that is described under the Parallel Canal Alternative. The Canal 
Enlargement Alternative would modify a shorter portion of the Middle Reach and therefore 
fewer pressurized turnout modifications are required. It is estimated that this delivery pool 
concept would be applied at nine locations for the Canal Enlargement Alternative using the 
design approach shown in Figure 4-5. A summary of modifications to pressurized turnouts under 
the Canal Enlargement Alterative is provided in Table 4-9.  

Table 4-9. Modifications to Actions for Pressurized Turnouts Systems Under the Canal 
Enlargement Alternative  

Name Side MP Modification 
LID-10th West West 91.12 Unmodified 
TPDWD-Teapot Dome East 99.35 Remain Plus Delivery Pool 
SID-S2 West 102.65 Remain Plus Delivery Pool 
TBID-Terra Bella East 103.64 Remain Plus Delivery Pool 
SID-S3 West 104.96 Remain Plus Delivery Pool 
SID-S4 West 107.35 Remain Plus Delivery Pool 
DEID-56 EAST East 109.46 Remain Plus Delivery Pool 
DEID-56 West West 109.46 Remain Plus Delivery Pool 
DEID-40 North East 111.56 Remain Plus Delivery Pool 
DEID-40 West West 111.56 Remain Plus Delivery Pool 
KTWD-1 East 111.96 Remain Plus Delivery Pool 
KTWD-2 East 113.6 Remain Plus Delivery Pool 
DEID-24 East East 113.62 Remain Plus Delivery Pool 
DEID-24 West West 113.62 Remain Plus Delivery Pool 
DEID-8th West West 115.95 Unmodified 
DEID-#1 West East 116.93 Unmodified 
SSJMUD-Bassett West 117.44 Unmodified 
KTWD-3 East 117.96 Unmodified 
DEID-9th West West 118.45 Unmodified 
SSJMUD-Airport West 120.06 Unmodified 
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Gravity Turnout Modifications   In the portions of the Middle Reach where no modifications 
would be necessary to convey historical peak flows, existing gravity turnouts would not be 
modified. In the reach from MP 95.7 to MP 115.94, nearly all existing gravity turnouts would 
require raising the top deck by two to five feet. The extent of the raise at each turnout is 
dependent upon the lining raise at that location.  

Raising the top deck of a gravity turnout generally consists of removing the existing top concrete 
deck, extending the turnout wall height to the new lining height, modifying the existing turnout 
gates to the new structure height, and rebuilding the top deck and site appurtenances such as 
retaining walls, railing, and fencing. A list of modifications to gravity turnouts in the Canal 
Enlargement Alternative is provided in Table 4-10 and shown in Figure 4-10. Additional detail is 
provided in Appendix B Engineering Design and Cost. 

Table 4-10. Modifications to Gravity Turnouts Under the Canal Enlargement Alternative  

Name Side MP Modification 
SPUD-STRATHMORE West 89.35 Unmodified 
LID-10th East East 91.12 Unmodified 
LTRID-4 West 92.13 Unmodified 
PID-P1 West 93.86 Unmodified 
PID-Porter Slough West 94.92 Unmodified 
PID-P2 East 95.5 Unmodified 
LTRID-Tule River WW Gates West 95.64 Unmodified 
LTRID-Woods Central Ditch West 95.78 Unmodified 
PID-P3 East 96.39 Unmodified 
LTRID-Tipton Ditch West 96.87 1' Top Deck Raise 
LTRID-Poplar Ditch N&S West & East 97.34 2' Top Deck Raise 
PID-P5 East 97.86 2' Top Deck Raise 
LTRID-Casa Blanca Ditch West 98.62 3' Top Deck Raise 
SID-S1 West 100.63 4' Top Deck Raise 
TBID-DCTRA Pits East 102.65 Build New Turnout on New Canal 
DEID-68 West West 107.84 3' Top Deck Raise 
DEID West 112.36 2' Top Deck Raise 
LWER East 119.55 Unmodified 
LWER East 121.49 Unmodified 
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Figure 4-10. Typical Gravity Turnout Deck Raise 

Checks and Siphons 
The Canal Enlargement Alternative involves a new check and siphon at Deer Creek and 
modification of the existing check and siphon at White River. Modification of the White River 
check would generally consist of extending the height of the concrete canal warped transitions 
and the headwalls at upstream and downstream end of the existing siphon, plus raising the two 
existing radial gates and invert sill on the upstream end of the structure.  

Road Crossings 
Modifications at each road crossing would depend on the alignment and cross section 
modification at that location. In the segment from MP 88 to MP 95.7, where no modifications 
would be required, the road crossings would remain unchanged. In the modified portion, from 
MP 95.7 to MP 115.94, road crossings would either be replaced with a trapezoidal bridge along 
the existing FKC alignment or filled in and replaced with a siphon where the alignment jogs to 
the east to accommodate an existing pump station turnout. The Canal Enlargement Alternative 
includes installation of a trapezoidal bridge at 10 locations along the existing FKC alignment. A 
typical section for a trapezoidal bridge is shown in Figure 4-11. Siphons would be installed at 
nine road crossings affected by canal jogs to accommodate pump station turnouts, based on the 
design. Siphon A design is shown in Figure 4-6. A summary of road crossing modifications in 
the Canal Enlargement Alternative is provided in Table 4-11. 
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Figure 4-11. Trapezoidal Bridge Concept  

Table 4-11. Road Crossing Modifications in the Canal Enlargement Alternative 

Name MP Modification 
6th Avenue Bridge  88.67 Unmodified 
7th Avenue Bridge  89.17 Unmodified 
Road 232 Bridge  89.45 Unmodified 
Frazier Highway 196 Bridge  89.95 Unmodified 
8th Avenue Bridge  89.95 Unmodified 
Avenue 192 Bridge 90.23 Unmodified 
Avenue 188 Bridge  91.10 Unmodified 
State Highway 65 Northbound Bridge (Double 
Bridge)  91.51 Unmodified 

Welcome Avenue Bridge (Avenue 184) 91.60 Unmodified 
Avenue 182 Bridge  91.85 Unmodified 
Avenue 178 Bridge  92.35 Unmodified 
W Linda Vista Avenue  92.85 Unmodified 
W North Grand Avenue Bridge  93.55 Unmodified 
N Westwood Street Bridge  94.01 Unmodified 
W Henderson Avenue Bridge  95.12 Unmodified 
Avenue 152 Bridge  96.26 Unmodified 
Avenue 144 Bridge (Highway 190) 97.35 New Trapezoidal Bridge 
Avenue 136 Bridge  98.35 New Trapezoidal Bridge 
Avenue 128 Bridge  99.37 Demo- New Road Crossing/Siphon A 
Hesse Avenue Bridge  100.64 New Trapezoidal Bridge 
Avenue 112 Bridge  101.64 New Trapezoidal Bridge 
Timber Farm Bridge  102.14 New Trapezoidal Bridge 
Road Terra Bella Avenue (J24)  103.65 Demo- New Road Crossing/Siphon A 
Road 208 Bridge  103.72 Demo- New Road Crossing/Siphon A 
Avenue 88 Bridge  104.95 Demo- New Road Crossing/Siphon A 
Avenue 80 Bridge  106.72 New Trapezoidal Bridge 
Farm Bridge 106.75 New Trapezoidal Bridge 
Road 192 Bridge  107.32 Demo- New Road Crossing/Siphon A 
Avenue 64 Bridge  108.42 New Trapezoidal Bridge 
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Table 4-11. Road Crossing Modifications in the Canal Enlargement Alternative (contd.) 

Name MP Modification 
Avenue 56 Bridge  109.45 Demo- New Road Crossing/Siphon A 
Avenue 48 Bridge  110.55 New Trapezoidal Bridge 
Avenue 40 Bridge  111.55 Demo- New Road Crossing/Siphon A 
Road 184 Bridge  111.66 Demo- New Road Crossing/Siphon A 
Avenue 32 Bridge  112.57 New Trapezoidal Bridge 
Avenue 24 Bridge  113.59 Demo- New Road Crossing/Siphon A 
Avenue 16 Bridge  114.71 Unmodified 
Avenue 8 Bridge  115.91 Unmodified 
Timber Farm (Avenue 4) Bridge (2 Bridges) 116.41 Unmodified 
County Road Avenue 0 Bridge  116.91 Unmodified 
Cecil Avenue Bridge  117.92 Unmodified 
9th Avenue Bridge  118.44 Unmodified 
Garces Highway Bridge  118.94 Unmodified 
Timber Farm Bridge  119.46 Unmodified 
Woollomes Avenue Bridge  120.02 Unmodified 

 

Utilities 
Numerous utilities located in, along, and across the FKC would be affected by implementation of 
the Canal Enlargement Alternative. The utilities include parallel irrigation canals, fly overs, 
overhead power lines, adjacent wells, drainage siphons and irrigation crossings under the 
existing canal, and utilities connected to bridges. Depending on the location and extent of canal 
modifications, the utilities will either be relocated or entirely replaced, as determined in the final 
design. A current estimate of potentially affected utilities, based on observations made during a 
February 2019 site visit, is provided in Table 4-12. It is expected that additional utilities that 
would be affected by the Parallel Canal Alternative will be identified as design progresses. More 
detailed information on utilities is provided in Appendix B Engineering Design and Cost.  

Table 4-12. Preliminary Estimate of Modifications to Utilities for the Canal Enlargement 
Alternative 

Utility Action Quantity 
Parallel Overhead Powerline Relocations 8 miles 
Adjacent Groundwater Well Abandonments 12 wells 
Culvert Extensions 9 extensions 
Pipeline Overcrossing Replacements 5 replacements 
Utility Crossing Replacements 12 crossings 

 

Estimated Quantities and Cost   A list of items that will be included in the summary of 
quantities is included in Table 4-13.  The cost for the Canal Enlargement Alternative is presented 
in Table 4-14.
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Table 4-13. Canal Enlargement Alternative Summary of Estimated Quantities 

  
Seg 1: 5th 

Ave. to 
Tule River 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: 
Deer Creek 

to White 
River 

Seg 4: 
White 

River to 
Ave. 8 
Bridge 

Total 

Design Flow (Historical Maximum) (cfs) - 4,008 3,497 2,888 2,490 - 
From MP to MP - 88.2-95.67 95.67-102.7 102.7-112.9 112.9-115.94 - 
Total Canal Miles - 7.47 7.0 10.2 3.04 - 

Description Unit Quantity Quantity Quantity Quantity Total 
NEW CANAL       

Clearing and grubbing Acres - 34 50 14 99 
Pre-wetting LS - - - - - 
Dewatering LS - - - - - 
Excavation CY - 152,649 430,113 122,032 704,794 

Compacted Canal Embankment construction CY - 695,487 1,679,261 96,709 2,471,457 

Spoil Embankment  - 146,123 307,553 69,142 522,818 
Trimming SY - 146,123 307,553 69,142 522,818 
3-1/2" thick concrete lining SY - 87,674 184,532 41,485 313,691 
Furnish and Place Transverse Canal Joints LF - 121,681 230,482 64,923 417,086 
Furnish and Place Longitudinal Canal Joints LF - 100 146 42 287 
Ladders EA - 99,515 145,860 41,938 287,313 
Aggregate base O&M road surfacing SY - 4,000 14,500 2,500 21,000 
CHECK STRUCTURES Unit Quantity Quantity Quantity Quantity Total 
New Check/Siphon Structure   - 1 0 0 1 

Existing Check Structures Demolition and Disposal  - 0 1 0 1 
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Table 4-13. Canal Enlargement Alternative Summary of Estimated Quantities (contd.) 

  
Seg 1: 5th 

Ave. to 
Tule 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: 
Deer Creek 

to White 
River 

Seg 4: 
White 

River to 
Ave. 8 
Bridge 

 

ROAD CROSSINGS – BRIDGES Unit Quantity Quantity Quantity Quantity Total 
Canal Transitions to Existing Bridges EA - 1 0 2 3 
Bridge Replacement on Existing Canal - County or State Bridges EA - 4 3 0 7 
Bridge Replacement on Existing Canal - Farm Bridges EA - 1 2 0 3 
Existing Bridge Demolition EA - 1 7 1 9 
ROAD CROSSINGS - SIPHONS Unit Quantity Quantity Quantity Quantity Total 
Siphon Construction on New Canal EA - 1 7 7 9 
TURNOUTS Unit Quantity Quantity Quantity Quantity Total 
Canal Transitions on Existing Canal to Existing Turnouts EA - 10 10 11 31 
Raise/Modify Existing Turnout Top Deck and Actuators EA - 5 2 0 7 
Turnouts on New Canal EA - 3 6 1 10 
Delivery Pools EA - 2 6 1 9 
UTILITIES Unit Quantity Quantity Quantity Quantity Total 
Parallel Overhead Powerline Relocations MI - 3.5 3.0 1 8 
Adjacent Groundwater Well Abandonments EA - 4 8 0 12 
Culvert Extensions (Each End) EA - 5 4 0 9 
Pipeline Overcrossing Replacements (8" to 12") EA - 1 2 2 5 
Impacted Utility Crossings (Attached to Existing Bridge sizes range 
from 4" to 24") EA - 4 7 1 12 

LAND ACQUISITION Unit Quantity Quantity Quantity Quantity Total 
Impacted Parcels EA - TBD TBD TBD TBD 
Permanent Land Acquisition (ROW) Acres - 20 70 10 100 

 

Key: 
 - = Not Applicable or zero 
cfs = cubic feet per second 
CY = cubic yard 

EA = each 
LF = linear feet 
LS = lump sum 
MI = mile 

MP = milepost 
O&M = operations and maintenance 
ROW = Right of Way 
SY = square yard 
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Table 4-14. Parallel Canal Alternative Cost Estimate 

Item Reference Cost Notes/ Inclusions 
Segment 1 - 5th Ave to Tule from estimate $0  

Segment 2 - Tule to Deer Creek (Enlarge Canal) from estimate $42,956,860  

Segment 3 - Deer Creek to White River (Enlarge Canal) from estimate $87,815,210  

Segment 4 - White River to Ave 8 Bridge (Enlarge Canal) from estimate $12,425,645  

Construction Allowances, Mobilization, Startup, Commission, 
and Owner Training from estimate $6,369,115  

Subtotal  $149,566,830  

Contract Cost Allowance - Design Contingency 17% $25,426,361  

Contract Cost  $175,000,000 Rounded 
Construction Contingencies 20% $35,000,000  

FIELD COST  $210,000,000 Rounded 
Land Purchase - Construction Phase and ROW  $3,000,000 100 acres at $30,000/acre 
Environmental Mitigation 5% $10,500,000 Calculated as % of Field Cost 
Engineering, Permitting, and Construction Management 10% $21,000,000 Calculated as % of Field Cost 
Legal and Administrative 2% $4,200,000 Calculated as % of Field Cost 
Non-Contract Costs  $39,000,000 Rounded 
TOTAL CONSTRUCTION COST  $250,000,000 Rounded 

Interest During Construction 3% Discount 
Rate $40,895,938 10-year construction period 

TOTAL CAPITAL COST  $290,000,000 Rounded 
Annualized Capital Costs  $10,989,353 2.875% (FY19) over 50 years 

Additional Annualized O&M Costs  $284,611 Excludes current O&M costs; 2.875% 
(FY19) over 50 years 

TOTAL ANNUALIZED COST  $11,300,000 Rounded 
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Chapter 5  
Evaluation of Feasibility Alternatives 

This chapter presents an evaluation and comparison of the No Action Alternative and the 
Feasibility Alternatives described in Chapter 4 based on an assessment of economic effects 
associated with changes in the delivery of water to Friant Division long-term contractors. Other 
potential benefit categories have not been evaluated for this Study. This chapter also presents a 
comparison of Feasibility Alternatives with respect to effectiveness, efficiency, completeness, 
and acceptability, the selection of a Recommended Plan, and the summary of refinements to the 
Recommended Plan. 

Evaluation Approach to Quantify Water Supply Effects 
Evaluating the benefits of the Feasibility Alternatives involves consideration of conditions that 
are expected to change over the 100-year planning horizon. Identified conditions that are 
expected to change and affect the Project include water supply availability at Friant Dam, the 
delivery capability of the FKC under the no action and all action alternatives in response to 
future subsidence, and changes in the value of water. The quantification of physical effects and 
calculation of monetary benefits of Feasibility Alternatives was accomplished through a 
multiple-step process, that included the following: 

• Estimate water supply available at Friant Dam 

• Determine the capacity of the existing FKC and the capacity of Feasibility Alternatives in 
response to future subsidence over the planning horizon 

• Quantify water deliveries affected by reduced canal capacity 

• Reschedule affected supplies in Millerton Lake to the extent possible 

• Pump additional groundwater to offset reduced deliveries during the SGMA 
implementation period 

• Quantify and value lost water supply based on current and future water values 

A schematic of the evaluation approach is shown in Figure 5-1 and described in the following 
sections; additional detail is provided in the Appendix C Economics Evaluation. 
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Figure 5-1. Modeling Process for Economics Evaluations  

Water Supply Availability at Friant Dam 
The California Water Resources Simulation Model (CalSim II) was used to estimate water 
deliveries from Friant Dam to Friant Division long-term contractors over an 82-year simulation 
period based on historical hydrologic data for water years 1922 through 2003. The CalSim II 
model simulates the operation of Millerton Lake to meet a variety of objectives, including the 
release of flows to the San Joaquin River for water rights and SJRRP Restoration Flows, 
diversion to the San Joaquin River and Friant-Kern and Madera canals for delivery of water 
under Friant Division Class 1 and Class 2 contracts and Section 215/other contracts and 
obligations, and flood operations. Simulated diversions to the Friant-Kern and Madera canals are 
based on CalSim-estimated water supply allocations under the various contract types, as applied 
to typical diversion patterns into the canals based on historical data. Only the capacity at the 
headworks of the canal is considered in the operation of the CalSim II model, meaning the 
diversions assume no conveyance capacity restrictions due to design deficiencies or subsidence.  

For the benefits evaluation, the current implementation of the SJRRP Flow is used for the current 
water supply availability in the year 2019. This amount is projected to linearly decrease to 
delivery amounts under the full implementation of the SJRRP Flow in the year 2030. It is 
assumed that annual average Friant Division water supply availability would remain constant 
after 2030. 

FKC Capacity  
The capacity of the FKC will continue to decrease as land subsides in the future and the 
decreased capacity will reduce water delivery capability. The rate of land subsidence is assumed 
to be the same in the No Action Alternative and all action alternatives. Estimates of subsidence 
along the FKC for Group 3 conditions, as described in Chapter 2, for years 2030, 2040, and 2070 
were used in a HEC-RAS model of the FKC, described in Appendix A1a1 HEC-RAS Modeling 
Technical Memorandum ™, to determine canal capacity at these dates. The groundwater model 
results indicate that the greatest amount of future land subsidence is projected occur between 
2017 (first year of groundwater model simulation) and 2030, with additional subsidence 
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occurring to 2040 when actions to achieve SGMA requirements would be fully implemented, 
and additional subsidence occurring to 2070 as a result of ‘residual’ subsidence of subsurface 
formations. As shown in Figure 5-2, additional land subsidence will reduce the capacity of the 
FKC. Similar computations were conducted to estimate the effect of land subsidence on the 
restored canal capacity at future points in time under the two Feasibility Alternatives.  

 

Figure 5-2. Friant-Kern Canal Capacity Under Future Peak Subsidence 

Affected Water Deliveries 
The modeled canal capacities from HEC-RAS simulations, combined with the variations of 
water availability, were used in the Water Delivery Reduction Tool to calculate the affected 
Class 1 and Class 2/other water supply for the Friant Division long-term contractors on the FKC 
downstream of the subsidence chokepoint. As described in the Economics Evaluation Appendix, 
the Water Delivery Reduction Tool applies historical patterns of daily diversions to the FKC to 
estimate water deliveries that would be affected as a result of reduced canal capacity. 
Evaluations were made for years corresponding to results for simulated ground subsidence 
during the project planning horizon and interpolated for intervening years. Table 5-1 presents the 
results of modeled flow capacity, from the HEC-RAS model and the total expected annual 
affected water deliveries, based on the Water Delivery Reduction Tool described in Appendix C. 

Table 5-1. Modeled FKC Capacity and Average Annual Affected Water Supplies 

Year Estimated Minimum 
Capacity (cfs) 

Average Annual Affected Water 
Supply (AF/yr) 

2018 1,400 27,083 
2030 810 102,651 
2040 610 149,346 
2070 500 179,746 

Source: Information is from the Water Delivery Reduction Tool Calculation described in Appendix C-Economics Evaluation 
Key: 
cfs = cubic feet per second 
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The average annual affected water supply quantities listed in Table 5-1 apply to Class 1 and 
Class 2/Other water deliveries, based on information provided in the CalSim II model, which 
includes delivery of water under Paragraph 16(b) of the Settlement “for the purpose of reducing 
or avoiding impacts to water deliveries to all of the Friant Division long-term contractors caused 
by the Interim and Restoration Flows.”  

In the benefits evaluation over the planning horizon, the values of annual estimated capacity of 
the FKC and corresponding average annual affected water deliveries were linearly interpolated 
between the evaluation results listed in Table 5-1. It is assumed canal capacity and average 
annual affected water deliveries would remain constant after 2070. 

Rescheduled Water Deliveries 
As described in Chapter 4, the No Action Alternative and the Feasibility Alternatives assume 
that affected water supplies due to FKC capacity constraints would be rescheduled through 
Millerton Lake operations to the extent possible. While Millerton Lake is typically operated as 
an annual reservoir with no long-term carry-over storage objectives, the operation of Millerton 
Lake provides some opportunities to store water for use in successive periods. The approach 
used to evaluate rescheduled water deliveries for the Project assumes that all affected deliveries 
would be rescheduled using available conservation storage capacity in Millerton Lake. This 
approach is considered conservative because it represents the maximum opportunity for 
rescheduling and therefore results in a minimum estimate of additional groundwater pumping or 
lost water supplies. Actual opportunities for rescheduling are expected to be less than evaluated 
due to several factors, including supply and demand forecasting uncertainty, Millerton Lake 
operations, the ability of Friant Division long-term contractors to adjust local water uses, and 
CVP Friant Division contract term requirements. The economic analysis assumes that 
rescheduling of affected water deliveries could be accomplished at no additional cost.  

Additional Groundwater Pumping 
Under the No Action and Feasibility Alternatives, affected water supplies that could not be 
delivered through rescheduling in Millerton Lake would result in water supply reductions to 
Friant Division long-term contractors. In the near future, it is assumed that reduced deliveries 
would be replaced with additional groundwater pumping in the affected districts. However, this 
additional groundwater pumping to replace undeliverable supplies would exceed groundwater 
pumping conditions being used to develop long-term SGMA implementation plans. As a result, 
groundwater pumping to replace undeliverable water supplies was assumed to reduce from full 
replacement in 2020 to no groundwater pumping after 2030. 

Reduced Deliveries to Friant Division Long-Term Contractors 
Affected water supplies that could not be rescheduled in Millerton Lake or replaced with 
additional groundwater pumping would be lost as flood releases from Friant Dam to the San 
Joaquin River and represents a loss of water supply to affected Friant Division long-term 
contractors.  
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Water Valuation 
The cost for pumping additional groundwater and value of water are both expected to change 
over the life of the project. Groundwater pumping cost is based on the cost of energy and the 
depth to groundwater, and capital costs associated with the construction or replacement of 
groundwater infrastructure. Costs for additional groundwater pumping in this analysis are limited 
to those associated with energy.  

As reported by the California Energy Commission (CEC), electricity costs are projected to 
increase by about 1.7 percent annually between 2015 and 2024 (CEC 2014). The CEC does not 
provide estimated electricity costs after 2024.  

The depth to groundwater in each affected Friant Division long-term contractor service area was 
estimated using 2018 available groundwater depth information. The weighted cost of 
groundwater pumping was calculated for years 2015, 2020, and 2024 using the groundwater 
depth, projected electricity prices, and the share of total subsidence water affected delivery for 
each affected contractor. Values were linearly interpolated between calculated years and 
assumed to remain constant after 2024. The calculated weighted average value of groundwater 
pumping is listed on Table 5-2. 

Table 5-2. Weighted Average Value of Groundwater Pumping 

Year Groundwater Pumping Cost ($/AF)1,2 

2015 $203 
2020 $219 
2024 $229 

Notes: 
1 Based on CEC electricity costs projections 
2 2018 Price Level 

In 2015, the California Water Commission (CWC) prepared estimates of water value in 
California under current operational requirements. The CWC classified current unit values of 
water as those for 2030 conditions. The values provided by the CWC in 2015, escalated to 2018 
price levels using the U.S. Bureau of Economic Analysis GDP Deflator, are shown in Table 5-3. 

Table 5-3. Estimated Water Values in the Eastern San Joaquin Valley 

Water Year 
Type 

2030 Condition Friant Service 
Area 2015 Price Value ($/AF of 

Consumptive Use) 

2030 Condition Friant Service 
Area 2018 Price Value ($/AF of 

Consumptive Use) 
Wet $200 $211 

Above Normal $251 $265 
Below-Normal $261 $276 

Dry $278 $294 
Critical $324 $342 

Weighted Average $256 $271 
Source: CWC WSIP Technical Reference Document  
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Monetary Benefits of Feasibility Alternatives 
This Study anticipates that regional subsidence will continue and cause a decrease in the capacity 
of the FKC over the planning horizon, under the No Action Alternative and with the 
implementation of Feasibility Alternatives. To estimate the benefits of Feasibility Alternatives, 
the value of water delivery reductions was estimated for the No Action Alternative and 
Feasibility Alternatives. Benefits of the Feasibility Alternatives are based on differences in 
delivery reduction value in comparison to the No Action Alternative. 

Table 5-4 through Table 5-6 show the planning horizon analysis for the No-Action and 
Feasibility Alternatives. Computations are made each year in the planning horizon. For ease of 
presentation, the tables report annual results for years 1 through 10 and then every decade 
following until year 100, the end of the planning horizon. The tables provide the net present 
value of reduced water deliveries over the planning horizon.  

Feasibility Alternatives cost estimates are reported as an opinion of probable construction cost 
(OPCC) and cost ranges were provided based on plus or minus 25 percent variation in field 
costs. Feasibility Alternatives costs include Interest During Construction (IDC) over the 
construction duration, and life cycle costs over the planning horizon.  

A summary of benefits associated with water deliveries and costs of Feasibility Alternatives is 
provided in Table 5-7. 
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Table 5-4. No-Action Horizon Analysis 

Year 
Average 
Annual 

Deliveries 
(TAF) 

Average 
Annual No 

Action 
Affected 

Water Supply 
(TAF) 

Reschedule 
in Millerton 

(TAF) 

Percent 
Groundwater 
Pumping (%) 

Assumed 
Groundwater 

Pumping 
(TAF) 

Average 
Annual 

Reduction 
in Supply 

(TAF) 

Value of 
Water 
Lost 
($M) 

Groundwater 
Pumping 
Cost ($M) 

Annual 
Value of 

Water 
($M) 

1 410.2 41.3 15.6 90% 23.2 2.6 $271 $221 $5.8 

2 408.2 46.1 17.3 80% 23.0 5.8 $271 $224 $6.7 

3 406.2 50.9 19.0 70% 22.3 9.5 $271 $226 $7.6 

4 404.2 55.6 20.8 60% 20.9 13.9 $271 $229 $8.6 

5 402.2 60.4 22.5 50% 18.9 18.9 $271 $229 $9.5 

6 400.2 68.8 24.7 40% 17.7 26.5 $271 $229 $11.2 

7 398.2 77.3 26.8 30% 15.1 35.3 $271 $229 $13.0 

8 396.2 85.7 29.0 20% 11.3 45.4 $271 $229 $14.9 

9 394.2 94.2 31.2 10% 6.3 56.7 $271 $229 $16.8 

10 392.2 102.7 33.3 0% 0.0 69.3 $271 $229 $18.8 

20 392.2 149.3 36.4 0% 0.0 112.9 $271 $229 $30.6 

30 392.2 159.5 35.7 0% 0.0 123.8 $271 $229 $33.5 

40 392.2 169.6 34.9 0% 0.0 134.7 $271 $229 $36.5 

50 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

60 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

70 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

80 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

90 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

100 392.2 179.7 34.1 0% 0.0 145.6 $271 $229 $39.4 

Net Present Value $923 
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Table 5-5. Canal Enlargement Horizon Analysis 

Year 
Average 
Annual 

Deliveries 
(TAF) 

Average 
Annual No 

Action 
Affected Water 
Supply (TAF) 

Reschedule 
in Millerton 

(TAF) 

Percent 
Groundwater 
Pumping (%) 

Assumed 
Groundwater 

Pumping 
(TAF) 

Average 
Annual 

Reduction 
in Supply 

(TAF) 

Value of 
Water 
Lost 
($M) 

Groundwater 
Pumping 
Cost ($M) 

Annual 
Value of 
Water 
($M) 

1 410.2 41.3 15.6 90% 23.2 2.6 $271 $221 $5.8 

2 408.2 46.1 17.3 80% 23.0 5.8 $271 $224 $6.7 

3 406.2 50.9 19.0 70% 22.3 9.5 $271 $226 $7.6 

4 404.2 55.6 20.8 60% 20.9 13.9 $271 $229 $8.6 

5 402.2 60.4 22.5 50% 18.9 18.9 $271 $229 $9.5 

6 400.2 68.8 24.7 40% 17.7 26.5 $271 $229 $11.2 

7 398.2 77.3 26.8 30% 15.1 35.3 $271 $229 $13.0 

8 396.2 85.7 29.0 20% 11.3 45.4 $271 $229 $14.9 

9 394.2 94.2 31.2 10% 6.3 46.7 $271 $229 $16.8 

10 392.2 102.7 33.3 0% 0.0 69.3 $271 $229 $18.8 

20 392.2 0.3 0.1 0% 0.0 0.2 $271 $229 $0.1 

30 392.2 0.7 0.2 0% 0.0 0.4 $271 $229 $0.1 

40 392.2 1.0 0.3 0% 0.0 0.7 $271 $229 $0.2 

50 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

60 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

70 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

80 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

90 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

100 392.2 1.3 0.4 0% 0.0 0.9 $271 $229 $0.2 

Net Present Value $100 
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Table 5-6. Parallel Canal Horizon Analysis 

Year 
Average 
Annual 

Deliveries 
(TAF) 

Average 
Annual No 

Action 
Affected Water 

Supply 
 (TAF) 

Reschedule 
in Millerton 

(TAF) 

Percent 
Groundwater 

Pumping  
(%) 

Assumed 
Groundwater 

Pumping 
(TAF) 

Average 
Annual 

Reduction 
in Supply 

(TAF) 

Value of 
Water 
Lost 
($M) 

Groundwater 
Pumping 
Cost ($M) 

Annual 
Value of 
Water 
($M) 

1 410.2 41.3 15.6 90% 23.2 2.6 $271 $221 $5.8 

2 408.2 46.1 17.3 80% 23.0 5.8 $271 $224 $6.7 

3 406.2 50.9 19.0 70% 22.3 9.5 $271 $226 $7.6 

4 404.2 0.0 0.0 60% 0.0 0.0 $271 $229 $0.0 

5 402.2 0.0 0.0 50% 0.0 0.0 $271 $229 $0.0 

6 400.2 0.0 0.0 40% 0.0 0.0 $271 $229 $0.0 

7 398.2 0.0 0.0 30% 0.0 0.0 $271 $229 $0.0 

8 396.2 0.0 0.0 20% 0.0 0.0 $271 $229 $0.0 

9 394.2 0.0 0.0 10% 0.0 0.0 $271 $229 $0.0 

10 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

20 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

30 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

40 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

50 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

60 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

70 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

80 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

90 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

100 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

Net Present Value $20 
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Table 5-7. Benefit Cost Analysis of Feasibility Alternatives 

Evaluation of Feasibility Alternatives using Federal Planning 
Criteria 
The Federal planning process described in the PR&G includes four criteria for consideration in 
formulating and evaluating alternative plans: completeness, effectiveness, efficiency, and 
acceptability (CEQ 2013). A summary of the evaluation is provided in Table 5-8 and described 
in the following sections. 

Table 5-8. Summary of Federal Planning Criteria Evaluation 

 Canal Enlargement 
Alternative 

Parallel Canal 
Alternative 

Effectiveness Medium-High High 

Efficiency High Medium-High 

Completeness Medium High 

Acceptability Not yet determined Not yet determined 

 

Effectiveness 
Effectiveness is the extent to which an alternative plan would alleviate problems and achieve the 
planning objectives for a project. Both Feasibility Alternatives would restore the capability to 
convey water supplies based on historical operations. However, the performance of the 
Feasibility Alternatives would not be the same if future operational objectives include deliveries 
that exceed historical peak flows. 

Evaluations presented in this report are based on historical deliveries and do not include 
operational objectives in response to changing water supply conditions, particularly the 

Item 
Canal 

Enlargement 
Alternative 

Parallel Canal 
Alternative 

Value of reduced water delivery in the No Action Alternative1,2 $923 $923 
Value of reduce water delivery in the Project Alternative1,2 $100 $20 
Net Benefit1,2 $823 $904 
Net Present Value of Total Capital and Life Cycle Costs 1,3 $267 $452 
Cost Range of Net Present Value of Total Capital1,4 ($220 - $360) ($320 - $540) 
Notes: 
1 All costs are in millions of dollars 
2 Net Present Value based on 100-year project life 
3 Construction Cost of Initial Alternatives 
4 +/- 25% applied to field cost 
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implementation of SGMA. For example, many Friant Division long-term contractors have 
considered development of local water projects such as groundwater banking, canal enlargement 
or interties, and other actions that would improve water management in response to reduced 
water supply availability. If the implementation of such projects results in delivery of water from 
Friant Dam under existing CVP contracts at flows that exceed historical FKC flow rates, the 
performance of the Feasibility Alternatives would change. 

Efficiency 
This evaluation criterion is a measure of how an alternative plan alleviates the specified 
problems and realizes the specified opportunities at the least cost, or in a cost-effective manner. 
As noted in the discussion on Effectiveness, all analyses presented in this report are based on 
historical deliveries and do not include potential changes in future operations. Economic benefits 
for water supply based on this approach were compared to costs estimated for the Initial 
Alternatives (Alternative 1 Option 1 and Alternative 5 Option 3) as described in Chapter 3. 
Using this information, the benefit cost (B-C) ratios are 2.0 for the Parallel Canal Alternative and 
3.0 for the Canal Enlargement Alternative. Both alternatives are efficient in achieving project 
objectives as evaluated. If future operational objectives include deliveries that exceed historical 
peak flows, the efficiency of the Feasibility Alternatives would change. 

Completeness 
Completeness is a determination of whether an alternative plan includes all elements necessary 
to realize planned effects, and the degree that intended benefits of the plan depend on the actions 
of others. Sub-criteria that are important in measuring completeness include (1) authorization, (2) 
planning objective(s), (3) reliability or durability, (4) physical implementability or 
constructability, and (5) effects on environmental resources. Each of these sub-criteria are 
described below. 

Authorization 
Authorization for Reclamation participation in this Project is provided by the Settlement Act 
(Public Law 111-11) and the WIIN Act. 

Part III of the Settlement Act authorizes the restoration of the FKC to such capacity as previously 
designed and constructed by the Bureau of Reclamation. The Canal Enlargement Alternative, as 
evaluated in this Study, would restore the capacity of the FKC to less than the original capacity. 
The Parallel Canal Alternative, as evaluated in this Study, would restore the capacity of the FKC 
to the original maximum capacity with current freeboard Reclamation freeboard criteria. Both 
Feasibility Alternatives are consistent with the Settlement Act. 

Reclamation is reviewing requirements of the WIIN Act as applicable to the FKC Middle Reach 
Subsidence and Capacity Correction Project. Additional benefit evaluations to support WIIN Act 
funding may be included in subsequent versions of this report. 



Chapter 5 
Evaluation of Feasibility Alternatives 

 Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
5-12 – October 2019 Draft Recommended Plan Report 

Planning Objectives 
The two Feasibility Alternatives evaluated in this Study would meet the planning objectives of 
increasing canal capacity and improving water supply reliability to Friant Division long-term 
contractors south of the FKC low point. 

Reliability or Durability 
The two Feasibility Alternatives would have different degrees of reliability in response to future 
land subsidence. The Canal Enlargement Alternative, which would be constructed to meet 
maximum historical deliveries, would be subject to reduced capacity in response to additional 
land subsidence early in the project life. As evaluated in this Study, the Parallel Canal 
Alternative, which would be constructed to the maximum design capacity, would not experience 
water delivery reductions during the planning horizon in response to additional land subsidence. 

Physical Implementability or Constructability 
Similar features have been included in both Feasibility Alternatives to address requirements for 
turnouts, road crossings, checks, siphons, and utilities. Both Feasibility Alternatives are 
constructible using accepted construction methods, however constraints associated with 
construction of canal modifications differ between the Feasibility Alternatives. Although detailed 
construction constraints and sequencing plans have not been developed, several challenges 
associated with their construction, particularly within the prism of an operating canal, have been 
identified. 

• Borrow Material – The Parallel Canal Alternative could be constructed with either 
balanced material requirements for earthwork or a surplus that could be spoiled on 
project features. The Canal Enlargement Alternative would require significant borrow 
material, with borrow sources ideally located on each side of the FKC to limit hauling 
over the existing bridges, many of which have load restrictions. Depending on the 
location of borrow sources (which have not yet been identified), constraints on the larger 
equipment ideally suited to hauling large loads may be imposed. 

• Potential Reduction in Water Deliveries During Construction – The water surface 
elevation in the FKC will need to be lowered in order to remove existing concrete lining 
to construct a new bench (setback) below the existing top of lining. This is required to 
reduce additional loading on the existing 1.25:1 canal side slopes. During this portion of 
the construction, the conveyance capacity of the canal will be reduced. Detailed analyses 
will need to be performed to define the actual bench elevation, with full consideration of 
geotechnical slope stability, and then estimate this impact to water supply deliveries. It is 
envisioned that scheduling of this construction will need to be coordinated with low 
delivery periods, which would extend the construction schedule so that water supply 
deliveries can be maintained as much as possible. Reduced water levels to accommodate 
in-prism construction would be more significant in the Canal Enlargement Alternative 
because the bench features would be constructed in the most subsided portion of the 
FKC, whereas bench features in the Parallel Canal Alternative would be located in the 
upper-most and lower-most portions of the Middle Reach. 
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• Safety Risk During Construction – The Canal Enlargement Alternative would have a 
greater safety risk to staff during construction than the Parallel Canal Alternative because 
more of the work would be completed within an active water delivery system. 

• Tie-ins – Both Feasibility Alternatives include structures, such as check structures, 
wasteways, and siphons, that will require upstream and downstream tie-ins to the existing 
FKC. While achievable, tie-ins require appropriate advance planning, reliable concepts, 
and carry some risk that water deliveries could be interrupted during construction. 

Environmental Resources 

An analysis of potential environmental constraints was prepared and applied to the evaluation of 
Initial Alternatives. This evaluation contributed to the selection of the Feasibility Alternatives. 
Further environmental evaluations are being performed through the development of 
environmental compliance documents. 

Acceptability 
Acceptability is the viability and appropriateness of an alternative plan from the perspective of 
the Nation’s general public and consistency with existing Federal laws, authorities, and public 
policies. It does not include local or regional preference for particular solutions or political 
expediency. Acceptability among Friant Division long-term contractors will consider several 
factors that have not yet been evaluated, including the availability of Federal and State funding, 
the allocation of costs among Friant Division contractors, and the need for conveyance capacity 
to accommodate potential future operational requirements. 

Identification of the Recommended Plan 
The identification of the Recommended Plan is based on evaluation and comparisons of the net 
benefits and additional criteria to limit the impacts to Friant Division long-term contractors. As 
described below, the Parallel Canal Feasibility Alternative is identified as the Recommended 
Plan. The selection of the Parallel Canal Feasibility Alternative was also supported by the 
findings of a Value Planning Study performed by Reclamation which ranked the alternative 
highest compared to alternatives considered during the value planning process. 

National Economic Development Plan 
The objective of the National Economic Development (NED) analysis estimates the economic 
benefits of potential effects is necessary to establish the feasibility and identify a corresponding 
alternative plan that maximizes net benefits. As described above, the maximum net benefit is 
achieved by the Parallel Canal Feasibility Alternative, which supports the selection of this 
alternative as the Recommended Plan. 

Constructability and Operational Considerations 
Additional criteria considered in the selection of the Recommended Plan included potential to 
impact water deliveries during construction. The Parallel Canal Feasibility Alternative has a 
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construction duration of two and half years compared to the Canal Enlargement Alternative 
could last up to ten years due to limitations time available for canal construction during lowered 
water levels. Water delivery impacts during construction of the Parallel Canal Feasibility 
Alternative would be minimal because most construction activities will be in the dry, using new 
materials and does not rely on the existing embankments for stability. The shorter construction 
duration, limited impact to contract deliveries during construction, and the more reliable 
construction methods are reasons support the selection of Parallel Canal Feasibility Alternative 
as the Recommended Plan. 

Value Planning Study 
In October of 2019 Reclamation performed a value planning study of the Friant-Kern Canal 
Capacity Correction Project. The goal of the value planning study is to achieve the most 
appropriate and highest value solution for an identified problem. The value planning study 
included an examination of the component features of the Project, or activity to define the critical 
functions, governing criteria, and associated costs. Alternative ideas and solutions were 
suggested to perform the functions, consistent with the identified criteria, at a lower cost or with 
an increase in long-term value. 

The Value Planning review of the Initial and Feasibility Alternatives confirmed the Parallel 
Canal Feasibility Alternative as the superior alternative considered in this Study. The value 
planning study considers the Parallel Canal Feasibility Alternative as the Baseline Design in 
which alternative ideas are compared to, and additional design considerations are added to. The 
ideas were evaluated, analyzed, and prioritized, and a few of these were evaluated to a level 
suitable for comparison, decision-making, and adoption. 

Reclamation produced the Draft Value Planning Report that summarizes the activities and ideas 
developed the value planning team. Table 5-9 shows the analysis matrix developed by the value 
planning team that ranked the developed ideas compared to the Baseline Design (Parallel Canal 
Feasibility Alternative). From the proposed ideas the Parallel Canal Feasibility Alternative was 
evaluated as the highest value project and confirms that selection of the Parallel Canal 
Alternative as the Recommended Plan. 
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Table 5-9. Analysis Matrix from Value Planning Study 

 

Summary of Refinements to the Parallel Canal Feasibility 
Alternative  
As described above, the Parallel Canal Feasibility Alternative was selected as the Recommended 
Plan. Following that selection, several refinements were made to reduce material requirements 
and improve constructability and project resilience. Design refinements included reduction of the 
required length of canal realignment portion, refinement of the location of the center-line of the 
realigned segment, selection of canal cross-sections that provide greater resiliency under future 
subsidence conditions, identification of potential borrow sites, and other considerations. The 
results of these additional refinements reduced the cost of the Recommended Plan without 
reducing the estimated benefits in comparison to the Parallel Canal Feasibility Alternative 
described above. The refinements to the Parallel Canal Feasibility Alternative described below 
are reflected in the description of the Recommended Plan presented in Chapter 6. The 
Recommended Plan is also referred to as the Canal Enlargement and Realignment (CER) 
Alternative in environmental compliance documents. 

Refinement of Length of Canal Realignment 
The Parallel Canal Feasibility Alternative included a realigned canal segment from south of Ave. 
152 near MP 96 to Garces Highway near MP 119. Through additional modeling and refinement, 
it was determined that the length of canal realignment segment could be shortened and achieve 
the maximum design capacity and HGL. The canal realignment in the Recommended Plan 
extends from MP 96 to Avenue 8 near MP 116. This refinement resulted in reducing the canal 
realignment by approximately 3 miles, reducing the among of required embankment material and 
reducing project costs. 

Refinement of Canal Realignment Offset from Existing FKC 
The realigned canal portion of Parallel Canal Feasibility Alternative, which was developed based 
on minimizing ROW requirements, required the placement of material within the existing FKC. 
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Upon consideration of material requirements, the centerline of the realigned canal was moved 
further east such that the west embankment of the realigned canal tied into the existing the 
eastern canal embankment. This refinement reduced the required embankment material by about 
1 million cubic yards and enables a construction sequencing that provides for potential use of 
material in the existing canal embankments to construct parts of the realigned canal 
embankments. 

Refinement of Raised and Widened Canal Segment Cross-Sections 
The Parallel Canal Feasibility Alternative included canal enlargement in Segment 1 and a portion 
of Segment 4 through raising and widening the FKC. In these segments, the raised and widened 
section would include a 24-foot bench on either side of the canal. Through additional hydraulic 
modeling, it was determined that required capacity could be achieved by extending the existing 
prism by raising the embankment and extending the lining, thereby eliminating the need to widen 
the canal. Depending on location, the required lining raise varies from 15 inches to 24 inches. 
The elimination of the bench reduced the amount of embankment material and liner on the bench 
portion, and lowered cost. Table 5-10 shows the approximate lining raise required in Segment 1, 
a portion of Segment 2, and Segment 4B to achieve the maximum design flow. 

Table 5-10. Lining Raise Requirements for the Recommend Plan 

Segment 
Maximum 

Design 
Flow 
(cfs) 

Required 
Lined 

Freeboard  

Canal 
Milepost 

(MP) 

Canal 
Milepost 

(MP) 

Approx. 
Canal 

Length 
Lining 

Raise “H”  

1 4,500 cfs 1.15’ 
(13.80”) 

88.2 (5th Ave 
Check Outlet) 

95.1 (Ave 180 
Bridge) 6.9-miles 15” 

95.1 (Ave 
180 Bridge) 

95.7 (Tule 
Check Inlet) 0.6-miles 24” 

2 4,000 cfs 1.11’ 
(13.32”) 

95.7 (Tule 
Check Outlet) 

96.3 (Ave 152 
Bridge) 0.6-miles 24” 

2/3/4A 4,000 cfs 
3,500 cfs 

1.11’ 
1.08’ 

96.3 (Ave 
152 Bridge) 

115.9 (Ave 8 
Bridge) 19.6-miles Parallel Canal 

4B 3,500 cfs 1.08’ 
(12.96”) 

115.9 (Ave 8 
Bridge) 

119.5 
(Woollomes 
Rd Bridge) 

3.6-miles 13” 

4C 3,500 cfs 1.08’ 
(12.96”) 

119.5 
(Woollomes 
Rd Bridge) 

121.5 
(Woollomes 
Check Inlet) 

2.0-miles Existing Earth 
Canal (No Mods Necessary) 

Key: 
ave – avenue  
cfs – cubic feet per second 
mp – milepost 
rd - road 

Refinement of Realigned Canal Segment Cross-Sections 
The cross-section geometry of the Parallel Canal Feasibility Alternative was based a 40-foot 
bottom width of the canal in all realigned segments. Further evaluation revealed that material 
balance could be improved and resiliency under future subsidence could be increased if the 
bottom width were narrowed. An analysis was performed to identify effect on canal capacity 
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under future subsidence for a variety of bottom-width canal designs at the same design capacity 
Table 5-11 shows the reduction in capacity resulting from capacity on a variety of canal sections 
designed to convey 4,000 cfs. Under a future subsidence of 4 feet, the capacity of a 16-foot 
bottom width would be reduced by about 12 percent whereas the same subsidence would cause a 
25 percent reduction of the capacity for a 40-foot bottom with canal. 

On the basis of this analysis, the design for the Recommended Plan was revised to include 
varying widths from 16 to 24 feet. This change was made to minimize the canal capacity loss 
that would be experienced in the future from subsidence. This reduction in bottom width has the 
added advantage of reducing the amount of concrete lining required as part of the construction. 

Table 5-11. Effect of Subsidence on Canal Capacity of Various 4,000 cfs Canal Designs 

Future 
Subsidence 

Canal Capacity Reduction Resulting from Subsidence 
16-ft Bottom 

Width 
24-ft Bottom 

Width 
32-ft Bottom 

Width 
40-ft Bottom 

Width 
2-feet 5% (200 cfs) 7% (280 cfs) 10% (400 cfs) 12% (480 cfs) 
4-feet 12% (480 cfs) 16% (640 cfs) 20% (800 cfs) 25% (1,000 cfs) 

8.5-feet 32% (1,280 cfs) 41% (1,640 cfs) 49% (1,960 cfs) 56% (2,240 cfs) 
Key: 
cfs – cubic feet per second    

Refinement to Identification of Borrow Sources 
During the refinement of the Recommended Plan, as described above, additional potential 
borrow sites were identified through coordination with Friant Division long-term contractors. In 
response to SGMA requirements, some Friant Division long-term contractors are advancing 
plans to develop permanent groundwater recharge basins. To date, Friant Division long-term 
contractors have expressed interest in developing three sites in the general vicinity of the Project 
Area and have indicated their interest in making material from these sites available as borrow. In 
addition, at least one site, which is immediately adjacent to the FKC, is a candidate construction 
staging location. Preliminary designs, environmental compliance and permitting has been 
completed for some sites, whereas others have been evaluated at a conceptual or appraisal level. 
Geotechnical information is available at all sites and further evaluations will be included in the 
design development of the Recommended Plan. 

Based the current design of the Recommended Plan and consideration of potential borrow from 
nearby and adjacent identified sites, the identified available borrow to construct exceeds the 
requirements for the Recommended Plan. Table 5-12 shows the borrow source and the amount of 
material identified as available from that source. As noted in Table 5-12 over 9 million cubic 
yards of potential borrow material has been identified, which significantly exceeds the estimated 
material requirements of approximately 5.7 million cubic yards.  
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Table 5-12. Borrow Sources and Estimated Volume Available 

Borrow Source General Location 
Estimated 

Volume 
Available 

(CY) 

Excavation of Realigned Canal MP 96 to MP 116 2.1M 

Existing FKC Bank Material1 Along 20 miles of existing canal  
(MP 96 to MP 116) 3.0M 

SITE B - Terra Bella Irrigation District Site East of canal at Milepost 102.2 1.5M 
SITE A – Private Landowner Site  East of canal at Milepost 97.4 0.5M 
SITE C - Delano-Earlimart Irrigation District Site 1 mile West of Canal near Milepost 114.0 2.0M 
Total Potential Available Borrow  9.1M 
Notes: 
1 Material is not available until segments of old canal are out of operation. 
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Chapter 6  
Recommended Plan 

This chapter describes the Recommended Plan and project implementation requirements. It 
includes the demonstration of the feasibility of the Recommended Plan, identification of areas of 
potential risk and uncertainty, project implementation requirements, Federal and non-Federal 
responsibilities, and a project timeline. 

Description of Recommended Plan Features 

A single-line schematic showing features included in the Recommended Plan is provided in 
Figure 6-1A and Figure 6-1B. The Recommended Plan includes modification to enlarge the FKC 
where practical, and construction of a new canal realignment in locations where the land 
subsidence has occurred or is expected to occur to an extent that modifying the existing FKC to 
achieve the design capacity and HGL is considered less practical. Features of the Recommended 
Plan are described in the following sections. 

Canal Alignment and Cross Sections 

The Recommended Plan would include modifications to the current FKC alignment from 5th 
Ave. Check (MP 88) to Ave. 152 (MP 96.3). Through this reach, the cross section of the existing 
FKC would be enlarged with a canal embankment and lining raise to increase canal capacity to 
meet the Design Maximum flow rate and HGL in this segment, as shown in Figure 6-2. From 5th 
MP 88 to MP 96.3 existing bridge soffits are anticipated to be above the new maximum water 
surface elevation in the canal. Many of the existing turnouts in this segment of the canal will 
require raising the top deck by 0.5 to 2 feet. The extent of the raise at each turnout is dependent 
upon the lining raise at that location. 

At MP 96.3, the new canal alignment would head east, away from the existing canal centerline, 
and run on a generally parallel alignment to the existing FKC until it reaches Ave. 8 (MP 
115.94). In this reach, the new canal alignment would have a regular trapezoidal shape based on 
the configuration shown in Figure 6-3. At MP 115.94, the canal realignment would reconnect 
with the existing alignment of the FKC, which would be enlarged between MP 115.94 to 
Woollomes Ave. (MP 120) as described above and shown in Figure 6-2. From MP 120 to 
Reservoir Check Structure (MP 121.5) will remain as is with no modifications necessary to 
convey the Design Maximum flow. 

The Recommended Plan is based on canal embankments and liner that would achieve objective 
capacities if constructed at the current (2018 survey) ground level and includes design features to 
accommodate anticipated future subsidence. For example, the siphon-type road crossings are 
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sized to accommodate future increases in HGL. In addition, canal embankments were configured 
such that they could be raised without interfering with the operation of the restored FKC. The 
necessary ROW to accommodate such a future raise, as identified as future concrete liner raise 
with embankment on Figure 6-3. 
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Figure 6-1A. Recommended Plan Single-Line Diagram of Canal Segments 1 and 2  
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Figure 6-1B. Recommended Plan Single Line Diagram of Segments 3 and 4
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Figure 6-2. Canal Lining Raise in Segment 1 and Segment 4b of the Recommended Plan 

 

Figure 6-3. Trapezoidal Cross Section of Realigned Canal Segments in the Recommended Plan 

Construction Sequencing 

The canal realignment portion of the Recommended Plan would be constructed as follows: 

1. Construct the new canal section from Ave. 56 (MP 109.47) to MP 115.94 with excavated 
prism material, construct the new White River Check Structure, and line the newly 
constructed canal. 

2. The newly constructed canal from MP 109.47 to MP 115.94 put into operations with 
temporary tie in on the northern end. 

3. Excavate material from the old FKC banks and haul material from MP 109.47 to White 
River Check (MP 112.9) north to construct canal realignment prism from Ave. 96 (MP 
103.66) to MP 109.47. 
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4. Construct the new canal section from MP 103.66 to MP 109.47 with excavated prism 
material, and the hauled material from Step 3 or other potential borrow area near the Deer 
Creek Check. Line the canal section from MP 103.66 to MP 109.47. 

5. The newly constructed canal from MP 103.66 to MP 109.47 put into operations with 
temporary tie on the northern end and connected to the canal section from MP 109.47 to 
MP 115.94. 

6. Construct the canal section from MP 96.3 to Ave. 128 (MP 99.37) with excavated prism 
material, and line the newly constructed section. 

7. The newly constructed canal from MP 96.3 to MP 99.37 put into operations with 
temporary tie in at the southern end. 

8. Excavate material from the old FKC banks and haul material from MP 96.3 to MP 99.37 
south to construct canal realignment prism from MP 99.37 to MP 103.66. 

9. Construct the new canal section from MP 99.37 to MP 103.66 with excavated prism 
material, and the hauled material from Step 8. Line the canal section from MP 99.37 to 
MP 103.66. Construct the new Deer Creek Check Structure. 

10. New Canal Realignment completed and in operation. 

For a detailed discussion on construction sequencing, refer to Appendix D Recommended Plan 
Design and Cost Summary. 

Turnouts 

The Recommended Plan includes feature to address water delivery at existing turnouts, based in 
part, on input provided by Friant Division long-term contractors. The Recommended Plan 
incorporates design concepts for pressurized and gravity systems to ensure compatibility 
between the canal and the contractors’ distribution systems, maintain water delivery capability 
during constructions, control overflow, and enhance operational flexibility. 

Pressurized Turnout Modifications 

In the Middle Reach, many of the 21 pressurized distribution systems have subsided at different 
rates than the land under the canal, causing varying differential head conditions from those used 
in the original system designs. All alternatives have been developed to achieve the proposed 
HGL, which is higher than the current water surface in the FKC. Increasing the HGL would 
increase head on the suction side of the pumping plants, which would increase the delivery head 
on district distribution systems. The removal and replacement of current pump stations at a 
location compatible with the current design was considered and dropped because of significant 
costs. 
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The water elevation in the new realigned canal would often be above the elevation of the top 
decks of existing pump stations. If a pump station were to unexpectedly shutdown, the incoming 
flow from the adjacent canal could overflow the pump station and flood the facility and 
surrounding land, resulting in equipment and property damage. To avoid the potential risk 
associated with unexpected shutdowns, the Recommended Plan includes small delivery pools at 
each pump station turnout in the canal realignment section. As shown in Figure 6-4, the delivery 
pool would be created by preserving small portions of the existing FKC to serve as a forebay for 
the existing turnout pump station. Water would flow from the new realigned canal through a new 
pipe to the delivery pool. The new canal realignment would be modified at the location of each 
pump station turnout and be customized to meet the specific needs of each pressurized delivery 
system. A list of the modifications proposed to the pump station turnouts is provided in Table 6-
1. 

 

 

Figure 6-4. Example Pressurized System Turnout Design in the Recommended Plan 
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Table 6-1. Modifications at Pump Station Turnouts in the Recommended Plan 

Pump Station Turnout Canal 
Side MP Modification 

LID-10th W West 91.12 Raise Top Deck 

TPDWD-Teapot Dome East 99.35 New Delivery Pool Turnout 

SID-S2 West 102.65 New Delivery Pool Turnout 

TBID-Terra Bella East 103.64 New Delivery Pool Turnout 

SID-S3 West 104.96 New Delivery Pool Turnout 

SID-S4 West 107.35 New Delivery Pool Turnout 

DEID – 68 West West 107.84 New Delivery Pool Turnout 

DEID-56 EAST East 109.46 New Delivery Pool Turnout (Shared) 

DEID-56 West West 109.46 New Delivery Pool Turnout (Shared) 

DEID-40 North East 111.56 New Delivery Pool Turnout (Shared) 

DEID-40 West West 111.56 New Delivery Pool Turnout (Shared) 

KTWD-1 East 111.96 New Delivery Pool Turnout 

KTWD-2 East 113.6 New Delivery Pool Turnout (Shared) 

DEID-24 East East 113.62 New Delivery Pool Turnout (Shared) 

DEID-24 West West 113.62 New Delivery Pool Turnout (Shared) 

DEID-8th West West 115.95 Raise Top Deck 

DEID-#1 West East 116.93 Raise Top Deck 

SSJMUD-Bassett West 117.44 Raise Top Deck 

KTWD-3 East 117.96 Raise Top Deck 

DEID-9th West West 118.45 Raise Top Deck 

SSJMUD-Airport West 120.06 Unmodified 

 

Gravity Turnout Modifications 

There are 17 gravity systems located in the Middle Reach, each of which were individually 
analyzed to determine an appropriate design approach. The analysis revealed that all existing 
gravity turnouts can either be preserved and reused or connected to new turnouts and pipelines 
on the new canal realignment. A summary of actions for gravity turnouts under the 
Recommended Plan is provided in Table 6-2. 
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Table 6-2. Modifications at Gravity Turnouts Under the Recommended Plan 

Gravity Turnout Canal Side MP Modification 

SPUD-STRATHMORE West 89.35 Raise Top Deck 

LID-10th E East 91.12 Raise Top Deck 

LTRID-4 West 92.13 Raise Top Deck 

PID-P1 West 93.85 Raise Top Deck 

PID-Porter Slough West 94.92 Raise Top Deck 

PID-P2 East 95.50 Raise Top Deck 

LTRID-Woods Central Ditch West 95.78 Raise Top Deck 

PID-P3 East 96.39 New Gravity Turnout on Canal Realignment 

LTRID-Tipton Ditch West 96.87 New Gravity Turnout on Canal Realignment 

LTRID-Poplar Ditch N&S West & East 97.37 New Gravity Turnout on Canal Realignment 

PID-P5 East 97.86 New Gravity Turnout on Canal Realignment 

LTRID-Casa Blanca Ditch West 98.62 New Gravity Turnout on Canal Realignment 

SID-S1 West 100.64 New Gravity Turnout on Canal Realignment 

TBID-DCTRA Pits East 102.65 New Gravity Turnout on Canal Realignment 

DEID West 112.36 New Gravity Turnout on Canal Realignment 

LWER East 119.55 Unmodified 

LWER East 121.49 Unmodified 

Checks and Siphons 

The Recommended Plan project area includes five existing check structures located at 5th 
Avenue (MP 88.2), Tule River (MP 95.7), Deer Creek (MP 102.7), White River (MP 112.9), and 
Lake Woollomes (MP 121.5). Check Structures are essential to the operation of the FKC. These 
structures house radial gates that maintain the water level in the upstream canal segments to 
provide enough head to maintain submergence of turnouts. Table 6-3 provides a description of 
the existing check structures, and appurtenance facility, as well as the proposed modifications for 
each. The Recommended Plan would include new check structures at Deer Creek and White 
River. Additionally, there are 5 existing siphons, 3 in Segment 1 that will not require 
modification, and siphons at Deer Creek and White River that will require replacement. 
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Table 6-3. Modifications at Existing Check Structures Recommended Plan 

Description Gate 
Type MP Modification 

Fifth Avenue Check Radial Gates 88.22 No Modification 

Tule River Wasteway Radial Gates 95.64 No Modification 

Tule River Check and Siphon Radial Gates 95.66 No Modification 

Deer Creek Wasteway Radial Gates 102.69 Abandon Existing – Replace on New 
Realigned Canal 

Deer Creek Check and Siphon Radial Gates 102.69 Abandon Existing – Replace on New 
Realigned Canal 

White River Wasteway Radial Gates 112.9 Abandon Existing – Replace on New 
Realigned Canal 

White River Check and Siphon Radial Gates 112.9 Abandon Existing – Replace on New 
Realigned Canal 

Lake Woollomes Check Radial Gates 121.5 No Modification 

Road Crossings  

The Middle Reach of the FKC has approximately 45 existing bridge crossings, some of which 
will require replacement to accommodate the project. The majority of existing bridges are cast-
in-place concrete type with a system of reinforced concrete “T” beams, or girders supporting a 
concrete roadway deck, and supported by a concrete pier wall in the center of the FKC and 
concrete abutments with monolithic wingwalls on either side of the canal. There are 2 proposed 
measures to accommodate all roadway crossings in the Middle Reach either leave in place or 
replace bridge with concrete box siphon. 

The leave in place measure would generally consist of minimal to no modifications to the 
existing bridges. This is typically the case with existing bridges in the enlarged sections of the 
existing canal in Segments 1 and 4. 

The concrete box siphon measure would be applied in the new realigned canal roadway crossings 
in Segments 2, 3, and part of 4. Along these segments County and State bridges would be 
removed and the crossings would be replaced with concrete box siphons. The concrete box 
siphons would generally consist of a buried cast-in-place concrete triple box siphon with each of 
the three boxes estimated to be 19 feet tall by 19 feet wide. 

Canal lining transitions approximately 50 feet long would be provided at the siphon entrance and 
exit to transition from the trapezoidal open canal geometry to the square box geometry. The 
length of the siphons would vary by location but would range from 100 to 200 feet The concrete 
box siphons are designed to accommodate potential subsidence by considering future soil 
loading and extension of the concrete headwalls at the entrance and outlets. Figure 6-5 shows the 
concrete box siphon concept. 
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At each new siphon the adjacent existing bridge over the current FKC would be demolished and 
the abandoned portion of the FKC would be filled to road grade and the paved road surface 
reconstructed on earth fill. Table 6-4 provides a summary of the existing bridges and measures 
proposed for the roadway crossings in the Middle Reach. 

 

Figure 6-5. Typical Siphon Road Crossing 

Table 6-4. Road Crossing Actions in the Recommended Plan 

Name MP Modification 

6th Avenue Bridge 88.67 No Modifications 

7th Avenue Bridge 89.17 No Modifications 

Road 232 Bridge 89.45 No Modifications 

Frazier Highway/ Ave 196 Bridge 89.95 No Modifications 

8th Avenue Bridge 89.95 No Modifications 

Avenue 192 Bridge 90.23` No Modifications 

Avenue 188 Bridge 91.10 No Modifications 

State Highway 65 Northbound Bridge (Double Bridge) 91.51 No Modifications 

Welcome Avenue Bridge (Avenue 184) 91.60 No Modifications 

Avenue 182 Bridge 91.85 No Modifications 

Avenue 178 Bridge 92.35 No Modifications 

W Linda Vista Avenue 92.85 No Modifications 

W North Grand Avenue Bridge 93.55 No Modifications 

N Westwood Street Bridge 94.01 No Modifications 

W Henderson Avenue Bridge 95.12 No Modifications 

Avenue 152 Bridge 96.26 Concrete Box Siphon 
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Table 6-4. Road Crossing Actions in the Recommended Plan (contd.) 

Name MP Modification 

Avenue 144 Bridge (Highway 190) 97.35 Concrete Box Siphon 

Avenue 136 Bridge 98.35 Concrete Box Siphon 

Avenue 128 Bridge 99.37 Concrete Box Siphon 

Hesse Avenue Bridge 100.64 Concrete Box Siphon 

Avenue 112 Bridge 101.64 Concrete Box Siphon 

Timber Farm Bridge 102.14 None  

Road Terra Bella Avenue (J24) 103.65 Concrete Box Siphon 

Road 208 Bridge 103.72 Concrete Box Siphon 

Avenue 88 Bridge 104.95 Concrete Box Siphon 

Avenue 80 Bridge 106.72 Concrete Box Siphon 

Farm Bridge 106.75 None 

Road 192 Bridge 107.32 Concrete Box Siphon 

Avenue 64 Bridge 108.42 None 

Avenue 56 Bridge 109.45 Concrete Box Siphon 

Avenue 48 Bridge 110.55 Concrete Box Siphon 

Avenue 40 Bridge 111.55 Concrete Box Siphon (Shared) 

Road 184 Bridge 111.66 Concrete Box Siphon (Shared) 

Avenue 32 Bridge 112.57 Concrete Box Siphon 

Avenue 24 Bridge 113.59 Concrete Box Siphon 

Avenue 16 Bridge 114.71 Concrete Box Siphon 

Avenue 8 Bridge 115.91 No Modifications 

Timber Farm (Avenue 4) Bridge (2 Bridges) 116.41 No Modifications 

County Road Avenue 0 Bridge 116.91 No Modifications 

Cecil Avenue Bridge 117.92 No Modifications 

9th Avenue Bridge 118.44 No Modifications 

Garces Highway Bridge 118.94 No Modifications 

Timber Farm Bridge 119.46 No Modifications 

Woollomes Avenue Bridge 120.02 No Modifications 
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Utilities 

Numerous utilities located in, along, and across the FKC would be affected by implementation of 
the Recommended Plan. The utilities include pipeline overcrossings, overhead power lines, 
adjacent wells, irrigation crossings under the existing canal, and utilities connected to bridges. 
Depending on the location and extent of canal modifications, the utilities will either be relocated 
or entirely replaced, as determined in the final design. Table 6-5 summarizes utility quantities 
that would require modification for the Recommended Plan. These quantities should be 
considered approximate until field locating confirms actual locations. Additional detailed 
information on utilities is provided in Appendix D. 

Table 6-5. Preliminary Estimate of Modifications to Utilities for the Recommended Plan 

Utility Modification Quantity 

Parallel Overhead Powerline Relocations ~1 mile 

Overhead Electrical Crossing Modifications 20 crossings 

Adjacent Groundwater Well Abandonments 10 wells 

Drainage Culvert Conflicts 4 Conflicts 

Pipeline Overcrossing Replacements 5 replacements 

Pipeline Undercrossing Replacements 5 replacements 

Utility Crossings at Bridges 20 crossings 

Estimated Quantities and Cost 

A list of items that will be included in the summary of quantities and costs is included in Table 
6-6. A cost estimate is provided in Table 6-7. 
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Table 6-6. Recommended Plan Alternative Summary of Estimated Quantities 

 - Seg 1: 5th 
Ave. to Tule 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: Deer 
Creek to 

White River 

Seg 4: 
White River 

to Ave. 8 

Seg 4: Ave. 
8 to 

Woollomes 
- 

Design Flow (Design Maximum) (cfs) - 4,500 4,000 4,000 3,500 3,500 - 
From MP to MP - 88.2-96.67 95.67-102.7 102.7-112.9 112.9-115.94 115.94-121.5 - 
Total Canal Miles - 7.47 7.0 10.2 3.04 5.56 - 
Description 

Unit Quantity Quantity Quantity Quantity Quantity Total 
NEW CANAL 

Excavation CY 125,000 1,813,350 2,558,850 330,750 75,000 4,902,950 
Compacted Canal Embankment construction CY 100,000 1,727,000 2,437,000 315,000 60,000 4,639,000 
Concrete Lining SY 4,200 396,905 632,657 184,000 2,800 1,220,562 
Concrete for Structures SY - 19,976 30,682 6,501 - 57,159 
Reinforcing Steel lbs - 3,822,812 5,945,669 117,035 - 9,885,516 
Ladders EA 105 99 144 46 - 394 
Aggregate base O&M road surfacing SY 104,221 98,653 105,011 47,000 77,067 431,952 
CHECK STRUCTURES Unit Quantity Quantity Quantity Quantity Quantity Total 

New Check/Siphon Structure - - 1 1 - - 2 
Existing Check Structures Demolition and Disposal - - 1 1 - - 2 
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Table 6-6. Recommended Plan Alternative Summary of Estimated Quantities (contd.) 

  
Seg 1: 5th 

Ave. to Tule 

Seg 2: Tule 
to Deer 
Creek 

Seg 3: Deer 
Creek to 

White River 

Seg 4: 
White River 

to Ave. 8 

Seg 4: Ave 
8 to 

Woollomes 
 

ROAD CROSSINGS – BRIDGES Unit Quantity Quantity Quantity Quantity Quantity Total 

Bridge Replacement on Existing Canal – County or 
State Bridges EA - - - - - - 

Bridge Replacement on Existing Canal – Farm Bridges EA - - - - - - 
Existing Bridge Demolition EA - 7 12 2 - 21 
ROAD CROSSINGS – SIPHONS Unit Quantity Quantity Quantity Quantity Quantity Total 

Siphon Construction on New Canal EA - 6 11 - - 17 
TURNOUTS Unit Quantity Quantity Quantity Quantity Quantity Total 

Raise/Modify Existing Turnout Top Deck and Actuators EA 7 1 - - 5 13 
Turnouts on New Canal EA - 9 8 1 - 18 
Delivery Pools EA - 2 7 1 - 10 
UTILITIES Unit Quantity Quantity Quantity Quantity Quantity Total 

Parallel Overhead Powerline Relocations Feet - 800 4,400 - - 5,200 
Overhead Electrical Lines EA - 7 11 1 - 20 
Adjacent Groundwater Well Abandonments EA - 4 6 - - 10 
Culvert Extensions (Each End) EA - 2 2 0 - 4 
Pipeline Overcrossing Replacements (8" to 12") EA - 1 2 2 - 5 
Impacted Utility Crossings (Attached to Existing Bridge 
sizes range from 4" to 24") EA - 5 11 4 - 20 

LAND ACQUISITION Unit Quantity Quantity Quantity Quantity Quantity Total 

Impacted Parcels EA 69 17 25 20 8 139 
Permanent Land Acquisition (ROW) Acre - 138 230 62 - 430 
Key: 
 - = Not Applicable or zero 
cfs = cubic feet per second 
CY = cubic yard 
EA = each 

Lbs = pounds 
LF = linear feet 
LS = lump sum 
MI = mile 
MP = milepost 

O&M = operations and maintenance 
ROW = Right of Way 
SY = square yard 
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Table 6-7. Recommended Plan Alternative Cost Estimate 

Item Reference Cost Notes/ Inclusions 
Segment 1 - 5th Ave to Tule from estimate $7,434,215 
Segment 2 - Tule to Deer Creek (New Bypass Canal) from estimate $71,146,020 
Segment 3 - Deer Creek to White River (New Bypass Canal) from estimate $106,108,628 
Segment 4a - White River to Garces Hwy (New Bypass Canal) from estimate $18,320,084 
Segment 4b - Garces Hwy to Woollomes (Widen Existing Canal) from estimate $4,027,327 
Construction Allowances, Mobilization, Startup, Commission, 
and Owner Training from estimate $6,315,222 

Subtotal $213,351,496 
Contract Cost Allowance - Design Contingency 17% $36,239,754 
Contract Cost $250,000,000 Rounded 

Construction Contingencies 20% $50,000,000 
FIELD COST $300,000,000 Rounded 

Land Purchase - Construction Phase and ROW $20,000,000 Based on market research 
Environmental Mitigation 5% $29,000,000 From separate estimate 
Engineering, Permitting, and Construction Management 20% $60,000,000 Calculated as % of Field Cost 
Legal and Administrative 2% $6,800,000 Calculated as % of Field Cost 

Non-Contract Costs $115,000,000 Rounded 
TOTAL CONSTRUCTION COST $415,000,000 Rounded 

Interest During Construction 
3% Discount 
Rate $25,562,071 4 year construction period 

TOTAL CAPITAL COST $440,000,000 Rounded 
Annualized Capital Costs $16,697,158 2.875% (FY19) over 50 years 

Additional Annualized O&M Costs $967,676 
Excludes current O&M costs; 2.875% 
(FY19) over 50 years 

TOTAL ANNUALIZED COST $17,500,000 Rounded 
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Feasibility Determination for the Recommended Plan 

A determination of feasibility is based on a review of four tests of feasibility: technical, 
environmental, economic and financial.  

Technical Feasibility 

Technical feasibility consists of engineering, operations, and constructability analyses verifying 
that it would be physically and technically possible to construct, operate, and maintain the 
Recommended Plan. The Recommended Plan is technically feasible, and includes features to 
address constructability and long-term operations, as demonstrated above. A Design, 
Engineering, and Cost (DEC) review will be performed on the Recommended Plan described in 
this chapter and Appendix D to identify additional information that is required to determine 
technical feasibility. 

Environmental Feasibility  

Environmental feasibility consists of analyses verifying that constructing or operating the project 
would not result in unacceptable environmental consequences or require costs that would 
adversely affect economic feasibility. Generally, environmental feasibility is based on the 
completion of NEPA compliance and environmental permitting processes. These processes are 
underway and are expected to be completed during 2020. 

To date, several evaluations have been completed to inform environmental feasibility of the 
Project. An environmental constraints analysis was performed and applied to the evaluation of 
Initial Alternatives and selection of Feasibility Alternatives. An Environmental Assessment 
(EA)/Initial Study (IS) was prepared to evaluate potential environmental effects associated with 
the Canal Enlargement and Parallel Canal Feasibility Alternatives. The EA/IS identified the 
following resource areas may that have potentially significant impacts resulting from 
construction of the Feasibility Alternatives: agriculture/land use, air quality/Green House Gases, 
biological, cultural and tribal, hydrology, and water quality. Reclamation has determined that a 
joint Environmental Impact Statement/Environmental Impact Report (EIS/R) will be prepared 
because the Project could result in significant impacts, is a major undertaking and private land 
acquisition will be required.  

Three cultural resources reports have been completed to support Section 106 compliance for 
geotechnical investigations of the Project. To date, the findings of two of these reports have been 
concurred on and the third is currently under review by the California Office of Historic 
Preservation. Additionally, a Section 106 technical memorandum was prepared in support of 
immediate repair activities from MP 103 to MP 107 and those findings have also been concurred 
on by the California Office of Historic Preservation.  

Work is progressing on preparation of Section 106 reporting for the complete Project. 
Reclamation has established an Area of Potential Effect (APE) that accounts for potential direct 
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and indirect effects of the Recommended Plan. Pedestrian surveys have been completed for all 
property within the Reclamation ROW, publicly accessible direct and direct APE have been 
completed, and a records search with a 1-mile search area of the entire project area from Mile 
Post 88 to 121 has been completed. The effects analysis is underway, the Section 106 report is in 
preparation, and a historic property treatment plan is in the early stages of development.  

For biological resources, two Section 7 consultations have been completed for geotechnical 
investigations of the Project. The schedule for the Section 7 compliance consultation with the US 
Fish and Wildlife Services for the complete Project has been set. An aquatic resources 
delineation report for the Project is in preparation, and habitat characterization and assessment of 
potential biological in the Project area is in progress. 

Environmental Mitigation Cost Estimates 

The Feasibility Alternatives cost estimates presented in Chapter 5 included an allowance for 
environmental mitigation (which includes cultural resources mitigation) at 5 percent of the field 
cost. More detailed environmental mitigation cost estimates have been developed and 
incorporated into the cost estimate for the Recommended Plan.  

The design and environmental analyses conducted to date for the project indicate that cost 
elements associated with environmental mitigation can be grouped into three main categories: 1) 
biological mitigation, 2) cultural mitigation, and 3) air quality mitigation. It is recognized that 
potential impacts of other project elements not yet defined, such as borrow pits, construction 
staging areas, and installation of construction access roads, could result in additional mitigation 
requirements. Details for each of these three main categories are summarized below. 

• Biological Mitigation; general preconstruction surveys, San Joaquin Kit Fox pre-
construction surveys, worker environmental awareness training (WEAT), environmental 
compliance monitoring during construction, fish salvage during canal tie-ins, and 
compensatory mitigation for San Joaquin Kit Fox. 

• Cultural Mitigation; data recordation and mitigation for above-ground bridges and the 
FKC, WEAT, Construction monitoring for archeological and paleontological resources, 
and tribal monitoring in the vicinity of Deer Creek and White River. 

• Air Quality Mitigation; preparation of a fugitive dust plan, and Voluntary Emission 
Reduction Agreement (VERA) with the San Joaquin Valley Air Pollution Control 
District. 

Table 6-8 provides a budget estimate for each of the cost elements listed above, grouped into the 
three main categories. The following assumptions were used in developing these cost estimates: 

• Construction monitoring for cultural resources, tribal resources, San Joaquin Kit Fox, and 
other biological resources for 3 years 
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• San Joaquin Kit Fox compensatory mitigation approach similar to the California High 
Speed Rail Project. Mitigation ratios of 2.0 to 1 for natural habitat; .and 0.1 to 1 for 
developed habitat. 

• San Joaquin Kit Fox compensatory mitigation cost $15,000 per acre 

• VERA approach similar to Reclamation’s 2017 Reach 2B Mendota Pool Bypass Project 

Table 6-8 Estimated Environmental Mitigation Cost 

Item Cost Estimate 
Biological Mitigation  
   General Pre-construction surveys $133,000 
   San Joaquin Kit Fox pre-construction surveys $1,464,000 
   WEAT  $20,000 
   During-construction compliance monitoring $3,337,000 
   Fish Salvage $279,000 
   Compensatory San Joaquin Kit Fox mitigation $13,895,000 

Subtotal, Biological Mitigation $19,128,000 
  

Cultural Mitigation  
   Data recordation and mitigation for above-ground bridges and the FKC,  $150,000 
   WEAT  $20,000 
   Construction monitoring for archeological and paleontological resources  $2,246,000 
   Tribal monitoring in the vicinity of Deer Creek and White River $1,123,000 

Subtotal, Cultural Mitigation $3,539,000 
  

Air Quality Mitigation  
   Fugitive dust plan $100,000 
   VERA $6,000,000 

Subtotal, Air Quality Mitigation $6,100,000 
  

Total Estimated Mitigation Cost $28,767,000 
 

Economic Feasibility  

As discussed in Chapter 5 the monetary benefits of the Feasibility Alternatives were determined 
using a 100-year planning horizon, that anticipates the regional subsidence will continue to cause 
a decrease in capacity of the FKC. The benefits of the Feasibility Alternatives presented in 
Chapter 5 are based on the differences in the delivery reduction in comparison to the No Action 
Alternative. The Recommended Plan is a design refinement of the Parallel Canal Feasibility 
Alternative that resulted in lower costs without reducing the estimated benefits. Table 6-9 shows 
the planning horizon analysis for the Recommended Plan. Computations are made for each year 
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in the planning horizon. For ease of presentation, the tables report annual results for years 1 
through 10 and then every decade following until year 100, the end of the planning horizon. The 
table provides the net present value of reduced water supply over the planning horizon. 

A summary of benefits associated with water deliveries and costs of the Recommended Plan is 
provided in Table 6-10. As shown in Table 6-9, the calculated B-C ratio for the Recommended 
Plan is 2.0. 
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Table 6-9. Recommended Plan Horizon Analysis 

 

Year 
Average 
Annual 

Deliveries 
(TAF) 

Average 
Annual No 

Action 
Affected 

Water Supply 
(TAF) 

Reschedule 
in Millerton 

(TAF) 

Percent 
Groundwater 
Pumping (%) 

Assumed 
Groundwater 

Pumping 
(TAF) 

Average 
Annual 

Reduction 
in Supply 

(TAF) 

Value of 
Water 
Lost 
($M) 

Groundwater 
Pumping 
Cost ($M) 

Annual 
Value of 

Water 
($M) 

1 410.2 41.3 15.6 90% 23.2 2.6 $271 $221 $5.8 

2 408.2 46.1 17.3 80% 23.0 5.8 $271 $224 $6.7 

3 406.2 50.9 19.0 70% 22.3 9.5 $271 $226 $7.6 

4 404.2 55.6 20.8 60% 20.9 13.9 $271 $229 $8.6 

5 402.2 0.0 0.0 50% 0.0 0.0 $271 $229 $0.0 

6 400.2 0.0 0.0 40% 0.0 0.0 $271 $229 $0.0 

7 398.2 0.0 0.0 30% 0.0 0.0 $271 $229 $0.0 

8 396.2 0.0 0.0 20% 0.0 0.0 $271 $229 $0.0 

9 394.2 0.0 0.0 10% 0.0 0.0 $271 $229 $0.0 

10 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

20 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

30 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

40 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

50 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

60 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

70 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

80 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

90 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

100 392.2 0.0 0.0 0% 0.0 0.0 $271 $229 $0.0 

Net Present Value $28 
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Table 6-10. Benefit Cost Analysis of Recommended Plan 

Financial Feasibility 

Financial feasibility consists of examining and evaluating project beneficiaries’ ability to pay 
their allocated portion of the Recommended Plan, consistent with applicable law. Funding for the 
Project is expected to be derived from Federal and non-Federal sources. On the basis of WIIN 
Act authorizations, the Project is eligible for Federal funding of up to 50 percent of Project costs. 
FWA has been pursuing and evaluating multiple sources of funding to provide the non-Federal 
cost share, including potential funding from the State of California and financing through the 
FWA or member agencies. A summary of Federal and non-Federal funding under the SJRRS Act 
and the WIIN Act is shown in Table 6-11. 

Table 6-11. Eligible Project Funding 

Authorization Federal Funds Non-Federal 
Funds 

Total 

SJRSS Act $18,900,000 $0 $18,900,000 

WIIN Act $198,050,000 $198,050000 $396,100,000 

Total $216,950,000 $198,050000 $415,000,000 

Risk and Uncertainty 

As described above, the Recommended Plan is economically feasible. However, as also 
described above and in Chapter 5, several assumptions have been made that can affect estimated 
project benefits and the resulting B-C ratio. In the economic analysis of the Recommended Plan, 
most assumptions regarding uncertainty were made that would result in conservative (i.e. lower 

Item Recommended Plan 
Value of reduced water delivery in the No Action Alternative1,2 $923 
Value of reduce water delivery in the Project Alternative1,2 $28 
Net Benefit1,2 $895 
Net Present Value of Total Capital and Life Cycle Costs 1,3 $451 
Cost Range of Net Present Value of Total Capital 1,4 ($375 - $527) 
B-C Ratio5 2.0 
Notes: 
1 All costs are in millions of dollars 
2 Net Present Value based on 100-year project life 
3 Construction Cost of Initial Alternatives 
4 +/- 25% applied to field cost 
5 B-C Ratio based on Net Present Value of Total Capital and Life Cycle Costs (Total Construction Cost + IDC + OM&R) 
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benefit) estimates. This section describes how uncertainty regarding assumptions could affect 
estimated project benefits and the B-C ratios of the Recommended Plan. The evaluations 
presented below provide a reasonable range of expected outcomes under uncertainty. 

Future Water Value 

The economic analysis of the Recommended Plan is based on the estimated current value of 
agricultural water in the eastern San Joaquin Valley (representative of the Friant Division of the 
CVP). These values were developed by the CWC in 2015 through application of the State-Wide 
Agricultural Production (SWAP) model based on CALSIM II simulations of CVP and SWP 
operations that reflect water rights, contracts, and regulatory requirements, and the continued 
unrestricted availability of groundwater. The CWC classified the values of water estimated under 
projected 2030 land-use conditions as current values. The economic analyses of the Recommend 
Plan applied the 2030 (current) water values on a constant basis throughout the 100-year 
planning horizon. This analysis assumes that water values would not increase in response to 
reduced water supply availability due to SJRRS and SGMA implementation, changes in 
commodity values, changes in irrigation technology, or other factors. 

The value of surface water in the eastern San Joaquin Valley has increased over the past several 
years as the percentage of land planted to permanent crops has increased, irrigation technology 
improvements have been implemented, more land has been brought into production, surface 
water supply reliability in the San Joaquin Valley have decreased, the reliance on groundwater 
has grown, and groundwater depth has increased. As described in Chapter 1, the State of 
California enacted SGMA in 2014, which requires the development and implementation of 
sustainable groundwater management practices. SGMA mandates that GSPs be developed by 
2020 and groundwater sustainability be achieved by 2040 for “high priority basins”. The entire 
Friant Division of the CVP overlies groundwater basins that are designated as “high priority 
basins”, therefore it is expected that full SGMA compliance in the eastern San Joaquin Valley 
will be achieved by 2040. It is expected that water values in the eastern San Joaquin Valley will 
change over time in response to changes in water supply availability, particularly in response to 
SGMA implementation, because groundwater use will be limited to amounts that do not cause 
undesirable effects such as additional subsidence. 

In 2015, the CWC also prepared estimates of future agricultural water value in California based 
on the same land uses, water rights, contracts and regulatory requirements as those included in 
the 2030 analysis, plus assumed groundwater availability limitations due to SGMA 
implementation. The resulting values are significantly greater than those based on 2030 
conditions. While it is not certain that actual water values will result as projected, these estimates 
provide an indication of the potential future value of agricultural water supply in the eastern San 
Joaquin Valley once SGMA compliance is achieved. A comparison of 2030 (non-SGMA) and 
2040 (with SGMA) values is provided in Table 6-12. For the economic analysis of the 
Recommend Plan, the 2030 values provided by the CWC in 2015 were escalated to a 2018 price 
level using once the U.S. Bureau of Economic Analysis GDP Deflator. The same escalation was 
applied to the 2040 values for use in this uncertainty analysis. 
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Table 6-12. Estimated Water Values in the Eastern San Joaquin Valley  

Year Estimated Consumptive Use Water Value ($/AF) 
2015 Price Level 2018 Price Level 

2030  $256  $271  
2040  $511  $540  

Source: CWC WSIP Technical Reference Document 

If the value of agricultural water in the eastern San Joaquin Valley increases from the current 
value of $271/af to $540/af by the year 2040 in the planning horizon analysis and then remained 
constant at that value for the remaining of the planning horizon with all other variables 
unchanged, the net benefits of the Recommended Plan would increase by $808M and the B-C 
ratio would increase to 3.8. 

Date Future Subsidence Stops 

The economic analysis of the No Action Alternative and Recommended Plan is based on a 
projection of continued subsidence in response to gradually reduced groundwater pumping 
between 2018 and 2040 to levels that achieve SGMA requirements. The groundwater model 
simulations, which were based on a range of pumping reductions to achieve SGMA compliance 
by 2040, show that subsidence would continue at a generally consistent rate through 2030, then 
slow between 2030 and 2040 when actions to achieve SGMA requirements would be fully 
implemented. Groundwater model results also reveal that additional land subsidence would 
continue through 2070 as a result of residual consolidation of subsurface formations. As noted 
previously, GSAs in the region are in the process of developing their SGMA compliance plans 
and therefore is not precisely known how regional subsidence would occur. 

If land subsidence occurs as projected from 2018 to 2040 and no additional subsidence occurs 
after 2040 and all other variables remain unchanged, the net benefits of the Recommended Plan 
would decrease by $104M and the B-C ratio would decrease to 1.8. 

Design for Projected Future Subsidence 

All analysis of the Recommended Plan is based on a 2018 topography and assumes the project 
will be built to the design capacity based on that ground surface. The analysis also included an 
evaluation of costs and required land acquisition of the Recommended Plan based on providing 
the design capacity at projected land conditions in the year 2040, based on land subsidence 
estimates developed using the groundwater analysis described above. The total increase in costs 
to accommodate future subsidence in the Recommended Plan is estimated at an additional $48M. 

If the Recommended Plan includes features to provide the design capacity at the projected future 
land surface in 2040 and all other variables remain unchanged, the net benefits of the 
Recommended Plan would remain unchanged and, due to the increase in total construction cost, 
the B-C ratio would decrease to 1.8. 
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Millerton Reoperation  

The economic analysis of the Recommended Plan assumes that affected water supplies could be 
rescheduled in Millerton Lake to subsequent months when the Friant Division contractor has 
sufficient water demand and capacity is available in the FKC. The only constraint applied to this 
operational assumption in the Recommended Plan was that the reoperation of affected water 
supply in Millerton Lake could not affect existing flood control requirements and operations. The 
analysis did not consider potential limitations to storing Class 2 water in Millerton Lake longer 
than the contractual maximum of 30 days. The analysis also assumes that water users could 
increase the use of non-CVP water supplies when canal capacity limits deliveries and would 
have perfect foresight of hydrologic conditions to predict when such changes would be required. 
Due to these assumptions, the analysis likely overestimates the amount of affected water supply 
that could be rescheduled, and therefore likely underestimates the water supply impact of the No 
Action Alternative. While it is not possible to precisely estimate the extent to which water users 
and Reclamation could optimize the use of Millerton Lake and the FKC to reschedule allocated 
water supplies, it is expected that no more than 70 percent of the affected water supply could be 
available for rescheduling in Millerton Lake and delivery in any given month. 

If the amount of affected water supply that available be rescheduled in Millerton Lake is limited 
to 70 percent and all other variables remain unchanged, the net benefits of the Recommended 
Plan would increase by $121M and the B-C ratio would increase to 2.3. 

Construction Duration Due to Funding Availability 

The economic analysis of the Recommended Plan assumes a construction duration of four years, 
and the availability of funding to enable uninterrupted construction of all plan features. In the 
economic analysis, this assumption is reflected in the planning horizon analysis in the benefits 
provided by the project in the first three years and costs associated with construction and IDC. If 
the availability of funds is delayed, the rate of construction would be reduced, and the duration of 
construction would increase. 

If availability of funding to implement the Recommended Plan required that the construction 
duration increase from three years to six years all other variables remain unchanged, the net 
benefits of the Recommended Plan would decrease by $19M and the B-C ratio would decrease to 
1.95. 

Reduced Deliveries in the Subsidence Section of the Canal 

As described in Chapter 2, the reduced capacity of the FKC caused by subsidence limits flows 
can be conveyed for downstream deliveries, resulting in reduced water supplies to downstream 
Friant Division long-term contractors. The benefits of the Recommended Plan are based on 
avoiding reduced downstream deliveries that would occur in the No Action Alternative. In 
addition, subsidence in the Middle Reach of the FKC has decreased, and will further decrease, 
available head (water level) at water turnouts in the subsided reach and in some upstream 
portions of the FKC. The water diversion capacity of up to 6 gravity turnouts downstream from 



Chapter 6 
Recommended Plan 

 Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
6-26 – October 2019 Draft Recommended Plan Report 

Tule River Check Structure and the upstream from Deer Creek Check Structure is reduced and 
will further decline in the No Action Alternative as subsidence continues. It is likely that 
modifications would be required to some or all of these gravity turnouts to maintain continued 
delivery of allocated CVP contract supplies. While specific improvements have not been 
evaluated, or valued, it is expected that temporary permanent, pumps would be installed to assure 
access to contract water supplies. The timing of pump installation and use in the No Action 
Alternative would depend on site specific conditions for each contractor and CVP water supply 
availability. The Recommended Plan will return the HGL to restore the ability of these turnouts 
to deliver water at their designed capacity. If the reduced deliveries immediately upstream of the 
subsided section of the canal were valued, the quantified benefits of the Recommended Plan 
would be greater than those presented in this Report. 

Summary of Risk and Uncertainty Findings 

A summary of risk and uncertainty factors on project costs and benefits is provided in Table 
6.13. Although the identified risk and uncertainty factors have the potential to increase or 
decrease project costs and benefits, none have been identified that could be expected to reduce 
the benefit cost ratio to less than one. 

Table 6.13. Summary of Risk and Uncertainty Effect on Economic Feasibility of the 
Recommended Plan 

Risk and Uncertainty Factor 
Change in Net Benefits 

from Recommended 
Plan ($M) 

Benefit-Cost Ratio 
Based on Risk and 
Uncertainty Factor 

Recommended Plan No change 2.0 

Potentially Greater Future Water Value 808 3.8 

Potential Less Future Subsidence -104 1.8 

Project Design for Projected Future 
Subsidence No change 1.8 

Ability to Operate Affected Water Supply in 
Millerton Lake 121 2.3 

Potential Extended Construction Duration Due 
to Funding Availability -19 2.0 

Reduced Water Deliveries in the Subsided 
Portion of the FKC Increase – not quantified Increase – not quantified 
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Implementation Requirements 

Implementation of the Recommended Plan would include major activities for design, 
environmental compliance and permitting, land acquisition, financing, and construction and 
O&M. It is anticipated that FWA would to lead all of these activities in close coordination with 
Reclamation. A schedule for implementation is shown in Figure 6-6, and brief descriptions of 
major activities is provided in the following sections. 

Design Activities 

FWA, in coordination with Reclamation, has begun to advance design of the Recommended 
Plan. This will include several the following key steps: 

• DEC Review of the Recommended Plan 

• Preparation of a 30 percent design report 

• Geotechnical investigations to support final design 

• Preparation of 60 percent, 90 percent, and 100 percent designs 

• Establishing agreements with key project partners and stakeholders (e.g. Tulare County, 
SCE, So Cal Gas, Kern County) related to planning design, and construction activities. 

• Preparing detailed plans, specifications, and bid packages. 

Environmental Compliance and Permitting 

Reclamation is initiating environmental compliance and permitting activities, in coordination 
with the FWA, to conduct and complete required NEPA and CEQA environmental compliance 
and all necessary permitting before implementation of the Project. Several key activities include 
the following: 

• Required environmental compliance under NEPA and CEQA will involve preparation of 
a joint EIS/EIR document and issuance of a Record of Decision (ROD) and Notice of 
Determination (NOD), on the following schedule: 

o Notice of Intent/Notice of Preparation (NOI/NOP) - November, 2019 

o The Draft EIS/EIR release for public review - late January/early February, 2020 

o The Final EIS/EIR released to public - May, 2020 

o The Record of Decision (ROD) - October 2020 
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• Permitting requirements of Federal, state, and local laws, policies and environmental 
regulations. 

• Implementation of mitigation measures may proceed before, or consistent with 
construction of project physical features. 

Land Acquisition 

Following completion of NEPA and CEQA compliance requirements, FWA would initiate 
activities in coordination with Reclamation to complete the acquisition of required lands, 
easements, and ROW. 

Financing 

Funding for the project would be obtained through Federal appropriations and non-Federal 
sources prior to the initiation of construction. If all project funds are not available at the time of 
construction initiation, the Project would be segmented into construction packages that could be 
accomplished with available funding to address the most urgent capacity correction portions of 
the Project.  

Project Construction and Transfer to O&M Status 

After the completion of environmental compliance and permitting, design, land acquisition, and 
financing, project implementation efforts would transition to the preparing and executing 
construction contracts, starting implementation of mitigation measures and/or construction 
activities, completing construction activities, commissioning new facilities, and finally, operating 
and maintenance responsibilities. FWA, in coordination with Reclamation, would solicit and 
award one or more construction contracts based that can be accomplished with available funds 
and right of way. As shown in Figure 6-6, construction is estimated to occur over a 3-year 
period, assuming all necessary funding and right of way is available.  



Chapter 6 
Recommended Plan 

Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study  
Draft Recommended Plan Report October 2019 – 6-29 

 

Figure 6-6. Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
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Federal and Non-Federal Responsibilities 

If a project is recommended for implementation, Federal and non-Federal obligations and 
requirements would be contained in a Project Cooperation Agreement (PCA). 

Federal Responsibilities 

If recommended for implementation, Reclamation would complete the required environmental 
analyses and documentation for NEPA. This includes other Federal laws, policies, and plans that 
may affect the implementation of any plan authorized for construction (e.g. Federal Endangered 
Species Act, National Historic Preservation Act Section 106). Reclamation would review and 
approve project designs, approve bid packages, approve the plan for Real Estate Acquisition, 
Administer Federal Funding, and monitor construction progress and closeout. 

Non-Federal Responsibilities 

Before implementation the FWA would perform items of local and state cooperation specific to 
the project. This would include the completion of environmental documentation for CEQA and 
acquiring relevant local and state permits. The FWA would also lead the completion of design of 
the project, acquire ROW, and obtain necessary non-Federal funding. In additional FWA would 
award construction contract(s), manage the construction of the project. Once completed FWA 
will continue with long-term O&M requirements as agreed upon with Reclamation. 
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Chapter 7  
Findings 

This Study includes development, evaluation, and comparison of alternatives consistent with the 
Federal PR&G (CEQ 2013). In coordination with this report, a Final EIS/R will be prepared 
consistent with NEPA and CEQA. This chapter summarizes major findings and conclusions of 
this Study. 

Need for Project 

The reduced capacity of FKC Middle Reach has resulted in water delivery impacts on Friant 
Division long-term contractors, reduced ability of the FKC to convey flood waters during wet 
periods, and reduced ability to implement provisions of the Water Management Goal as 
described in Paragraph 16 of the San Joaquin River Restoration Settlement (Settlement). The 
reduced delivery of water via the Friant-Kern Canal under long-term Friant Division contracts, 
the Recovered Water Account (RWA), and Unreleased Restoration Flows (URFs) also reduces 
funding necessary to implement the Restoration Goal provisions of the Settlement as described 
in Paragraph 11.  

The purpose of the Project is to restore the conveyance capacity of the FKC Middle Reach to 
such capacity as previously designed and constructed by Reclamation, as provided for in the San 
Joaquin River Restoration Settlement Act (Public Law 111-11, Title X, Part III(a)(1)). The 
purpose of this Study is to describe the formulation, evaluation, and comparison of alternatives 
that address Project planning objectives and identify a Recommended Plan consistent with 
Federal authorizations and requirements. Information developed through the Study will be used 
in preparation of required environmental compliance documentation. 

Recommended Plan 

As required by the PR&G, the plan that produces the greatest net public benefit is identified as 
the Recommended Plan and is typically selected for recommendation to the Secretary of the 
Interior for consideration and approval (CEQ 2013). The identification of the Recommended 
Plan based upon the evaluation and comparisons described in Chapter 5. The Recommended 
Plan is described in detail in Chapter 6 and summarized below. 

Recommended Plan Major Components 

Major components of the Recommended Plan include: 
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• Canal Enlargement — The existing canal would be enlarged by raising the lining one to 
four feet from MP 88.2 to MP 95.7 and MP 119.0 to MP 121.5.  

• Canal Realignment — A new realigned canal would be the exclusive water conveyance 
and delivery mechanism and most of the existing FKC would be demolished, filled in, 
and taken out of service. The realignment would stretch from MP 96.3 to MP 115.94. 

• Turnouts — The approach to the turnouts varies by location and configuration. Turnouts 
in the canal enlargement portion would not be modified. In the canal realignment portion 
gravity turnouts would be replaced and new delivery pool turnouts would be constructed 
for pressurized turnouts along the canal realignment potion.  

• Checks and Siphons — New or replacement check structures, wasteways and siphons 
would be required at the Deer Creek and White River crossings 

• Road Crossings — Road crossings would either be left in place or replaced with a 
concrete box siphon, depending on the location.  

• Utilities — Depending on the location and extent of canal modifications, the utilities like 
overhead power lines, adjacent wells, and elevated pipeline canal crossings would either 
be relocated or entirely replaced. 

Costs and benefits  

A summary of the B-C analysis is presented in Table 7-1 below. 

Table 7-1. Benefit Cost Analysis of Recommended Plan 

Item Recommended Plan 
Value of reduced water delivery in the No Action Alternative1,2 $923 
Value of reduce water delivery in the Project Alternative1,2 $28 
Net Benefit1,2 $895 
Net Present Value of Total Capital and Life Cycle Costs 1,3 $451 
Cost Range of Net Present Value of Total Capital 1,4 ($375 - $527) 
B-C Ratio5 2.0 
Notes: 
1 All costs are in millions of dollars 
2 Net Present Value based on 100-year project life 
3 Construction Cost of Initial Alternatives 
4 +/- 25% applied to field cost 
5 B-C Ratio based on Net Present Value of Total Capital and Life Cycle Costs (Total Construction Cost + IDC + OM&R) 

Feasibility of the Recommended Plan 

Feasibility of the Recommended Plan is summarized below. 



Chapter 7 
Findings 

Friant-Kern Middle Reach Canal Capacity Correction Feasibility Study  
Draft Recommended Plan Report October 2019 – 7-3 

• The Recommended Plan was found to be technically feasible and constructible. The 
Recommended Plan could be implemented with a balance or surplus of material. Designs 
and cost estimates for the Recommended Plan have been developed to a feasibility-level 
and will be verified through the DEC Review process. 

• The Recommended Plan was found to be economically feasible on the basis that 
monetized benefits for avoided water supply shortages exceed project costs. As evaluated 
in this report, Recommended Plan produces a B-C ratio of 2.0.  

o The B-C ratio was calculated using a planning horizon benefits analysis over the 
project service life of 100 years, and feasibility-level construction costs, IDC, and, 
life cycle costs.  

o Regional subsidence is expected to continue and cause a decrease in the capacity 
of the FKC in the No Action Alternative and the performance of the 
Recommended Plan. Benefits of the Recommended Plan are based on differences 
in delivery reduction value, or avoided water shortages, in comparison to the No 
Action Alternative. 

• Environmental compliance and permitting processes are under way. An environmental 
constraints analysis and EA/IS were prepared and an EIS/R is in development. Cultural 
and biological resources analysis are ongoing and will be incorporated into the EIS/R. 
The Record of Decision for the EIS/R is anticipated for October 2020.  

• More detailed environmental mitigation cost estimates for biological mitigation, cultural 
mitigation, and air quality mitigation have been developed and incorporated into the cost 
estimate for the Recommended Plan. 

• Funding for the Project is expected to be derived from Federal and non-Federal sources, 
potentially including the WIIN Act and financing through FWA member agencies.  

Risks and Uncertainty  

• The design of features in the Recommended Plan is based on the surveyed land surface in 
2018. Because additional subsidence is expected to occur in the region over the next 
several years while compliance with SGMA is achieved, the design for Recommended 
Plan was evaluated based on a projected land surface in 2040. The resulting design based 
on 2040 land surface would increase the cost of the Recommended Plan by 
approximately $48 million and reduce the B-C ratio to 1.8.  

• The effect of uncertainty on net benefits and the B-C ratio resulting from several factors, 
such as future water value, the date subsidence would stop, reoperation of affected water 
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deliveries in Millerton Lake, and lengthened construction duration was evaluated. The 
resulting B-C ratios would range from 1.95 to 3.8.  

• The performance of the Recommended Plan was evaluated using historical operations 
and does not consider potential future water deliver requirements that could exceed 
historical peak flows in the FKC. The net benefits and B-C ratio of the Recommend Plan 
would increase if future operational objectives include deliveries that exceed historical 
peak flows.  

Federal Interest   

This Report demonstrates Federal interest in the Recommended Plan. The Recommended Plan 
was identified as the NED Plan among two Feasibility Alternatives and produces a B-C ratio of 
2.0. Federal participation for design and construction is authorized in Part III of the Settlement 
Act, and the Project is eligible for Federal funding pursuant to the WIIN Act.  

Environmental Compliance and Regulatory Requirements for 
Project Implementation  

The Final EIS/R will satisfy NEPA and CEQA requirements by providing a meaningful analysis 
of all issues relevant to the physical, biological, cultural and human environments. 
Implementation of the Recommended Plan will also be subject to additional Federal, State, and 
local laws, policies, and environmental regulations. All Federal, State, and local agencies with 
permitting or approval authority over any aspect of project implementation will be expected to 
use the information that will be included in the Final EIS to meet most, if not all, of their 
information needs, to make decisions, and/or issue permits with respect to the authorized project. 

Findings 

The following findings are made based on the evaluation of Feasibility Alternatives: 

• The Recommended Plan has been found to be technically and economically feasible, and 
appears to be environmental feasible based on evaluations completed to date in support of 
NEPA compliance and permitting. Financial feasibility will be determined as Federal and 
non-Federal financing is identified.  

• Uncertainty evaluations have demonstrated that the B-C ratio would remain greater than 
one under a variety of potential conditions that could affect costs and benefits of the 
Recommended Plan. 

• Implementation of the Recommended Plan would restore the ability of the FKC to 
convey flood waters during wet periods and implement provisions of the Water 



Chapter 7 
Findings 

Friant-Kern Middle Reach Canal Capacity Correction Feasibility Study  
Draft Recommended Plan Report October 2019 – 7-5 

Management Goal as described in Paragraph 16 of the San Joaquin River Restoration 
Settlement. The restored capacity of the FKC would avoid water shortages, and resulting 
reduced revenue, associated with delivery of water under long-term Friant Division 
contracts, the Recovered Water Account (RWA), Unreleased Restoration Flows (URFs) 
and other available water supplies.  

• Restoring the capacity of the FKC would support greater conjunctive management of 
Friant Division resulting in increasing groundwater storage and improved management of 
Friant Division water supplies in Millerton Lake.  
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Chapter 8  
Recommendations 

This section presents describes recommendations for action by the Secretary or through 
Congressional action in support of implementing the Recommended Plan and identifies Federal 
and Non-Federal roles for implementing the Recommended Plan. 

Recommendations 

As the Recommended Plan is being reviewed for Congressional recommendation and 
appropriations, the following items should be considered: 

• Approve the Recommended Plan, as described in this Report. 

• Allow Reclamation to increase the construction cost to allow for escalation from stated 
price levels (2018) to the notice to proceed for each contract or work package, based 
upon Reclamation’s Construction Cost Trends publication, or similar source. 

• Appropriate funds such that pre-construction activities are completed within 2 years and 
construction is completed within 3 years following construction initiation to avoid cost 
overruns and ensure timely completion. 

• Allow the Federal Government to accept title to any non-Federal property within the 
Project boundaries.  

Federal Role 

Under the Recommended Plan, the Federal Government would have the following roles and 
responsibilities:  

• Complete a Final EIS, all federal permitting, and prepare a ROD.  

• Identify Federal funding requirements 

• Review and approve Project designs, environmental compliance and permitting 
documentation, and land acquisition services proved by FWA 

• Perform DEC review of the Recommended Plan 

• Perform value engineering and constructability review of Project design documents 



Chapter 8 
Findings and Next Steps 

 Friant-Kern Canal Middle Reach Capacity Correction Project Feasibility Study 
8-2 – October 2019 Draft Recommended Plan Report 

• Review and approval of construction bid packages and selection of a construction 
contractor. 

• Provide administrative and technical support during planning, design, and construction. 

• Accept transferred title of acquired lands and constructed Project. 

Non-Federal Role 

Under the Recommended Plan, the following roles apply to non-Federal entities: 

• Complete investigation and design of all project facilities, including mitigation 
requirements. 

• As the CEQA lead, FWA would complete a final EIS/R and all state permitting. 

• Acquire lands necessary for implementation of the Recommended Plan. 

• Construct all project facilities. 

• Transfer acquired lands and constructed facilities to Reclamation. 
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December 18, 2019 
 
Pixley Irrigation District Groundwater Sustainability Agency 
357 E. Olive Avenue 
Tipton, CA 93272 
 
Sent via email to pixleygsp@ltrid.org 
 

Re: Comments on Draft Groundwater Sustainability Plan for Pixley Irrigation District 
Groundwater Sustainability Agency 

 
Dear Mr. Eric Limas, 
 
Audubon California appreciates the opportunity to provide public comment on the draft Groundwater 
Sustainability Plan (GSP) for Pixley Irrigation District Groundwater Sustainability Agency (Pixley ID 
GSA).  
 
Audubon California is a statewide nonprofit organization with a mission to protect birds and the places 
they need. Our organization has a long history of solutions-focused work in the Central Valley in 
collaboration with state and federal agencies, water districts, non-profits, and landowners. We are 
commenting on draft GSPs to provide technical information and to identify areas of opportunity to partner 
with landowners or GSAs to achieve groundwater and wildlife habitat benefits.  
 
Audubon California is reviewing GSPs as a stakeholder for the environment with a particular focus on 
wetlands. Over 90 percent of historic wetlands in the Central Valley have been replaced with agriculture 
or urban development. The remaining wetlands are a critical component of the Pacific Flyway, supporting 
millions of migratory waterfowl, hundreds of thousands of shorebirds, and state listed species like the 
Tricolored Blackbird and Greater Sandhill Crane. Central Valley wetlands are part of California’s 
commitment to national and international Pacific Flyway agreements and provide significant public trust 
benefits, including habitat for migratory birds, recharge of overdrafted aquifers, carbon sequestration, and 
recreation opportunities for birders, hunters, and disadvantaged communities.  
 
Reflecting the critical importance of wetlands in the Tulare Basin planning region that includes Pixley ID 
GSA, the Central Valley Joint Venture set a wetland restoration target of 11,000 acres to sustain 
waterfowl populations. The Central Valley Joint Venture is a collaboration of 19 public and private 
entities, including Audubon, that sets science based bird population and habitat restoration objectives to 
support the goals of an international treaty between the United States, Canada, and Mexico, the North 
American Waterfowl Management Plan. The habitat restoration goals in the Tulare Basin planning region 
point to an already existing habitat deficit to supply the food energy needed for waterfowl and shorebird 
populations. Any loss of managed wetlands will undermine Central Valley Joint Venture goals and only 
increase the existing habitat deficit.  
 
Out of approximately 69,500 acres within Pixley ID GSA 755 acres are actively managed wetlands as 
part of Pixley National Wildlife Refuge (NWR), which is a 7,405 acre refuge of wetland and upland 
habitat owned and managed by the United States Fish and Wildlife Service. The managed wetlands on 
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Pixley NWR provide public trust benefits, including habitat for migratory waterfowl, shorebirds, and 
listed species like the Tricolored Blackbird and Greater Sandhill Crane. Disconnected from natural water 
sources as a consequence of surface water diversions and groundwater overpumping, wetland managers 
must now utilize limited surface water deliveries or pump groundwater to provide flooded habitat. 
Lowering of groundwater levels that make extraction unsustainable is making proper wetland 
management increasingly challenging. Pixley NWR pumps approximately 1,280 acre-feet of groundwater 
annually to provision 755 acres of wetland habitat, and target management would utilize 6,000 acre-feet 
per year as mandated by the Central Valley Project Improvement Act. The current 755 acres of managed 
wetlands within Pixley ID GSA comprise approximately 1% of serviced acres, extracting a small amount 
of groundwater for the outsized benefits they provide. Not only do these lands provide important habitat 
for waterbirds and wildlife, they provide multiple benefits to the basin such as groundwater recharge and 
water filtration.  
 
Overall, the draft GSP for Pixley ID GSA does not adequately characterize and consider Pixley NWR and 
its managed wetlands. Managed wetlands should be identified as beneficial users of groundwater and 
should be included in the subbasin water budget. Land use maps should be updated to reflect the 
boundaries of Pixley NWR. Audubon California commends Pixley ID GSA for including environmental 
benefits as a consideration in recharge projects and siting of land transition, and we encourage the GSA to 
pursue benefits to Pixley NWR in its future projects. 
 
Page-by-page comments on the Pixley ID GSA draft GSP are detailed below. We welcome any follow up 
questions and look forward to seeing the issues raised below addressed in the final GSP submission in 
January 2020.  
 
P 1-2. Executive Summary. The Executive Summary describes the Tule Subbasin as one of the top 
producing agricultural regions in the area. Additionally, this section states “[t]he overdraft conditions 
have caused issues for those reliant on groundwater pumping, which include municipal, domestic, and 
agricultural users.” Environmental users, including managed wetlands, that rely on groundwater pumping 
should be added to this list and included as beneficial users throughout the GSP.  
 
P 1-8. 1.4.3.1 Pixley ID Management Area. The GSP identifies the majority of land within the Pixley 
Irrigation District as used for agricultural and rural purposes.  Important habitat areas, including Pixley 
National Wildlife Refuge (Pixley NWR), are land uses in the management area, and these established 
habitat areas should be added to this section.     
 
P 1-10. Figure 1-5: Federal, State, County, and Tribal Jurisdictional Boundaries. This figure inaccurately 
identifies the boundaries of federal land, the Pixley National Wildlife Refuge, within the management 
area. There are over 900 acres of the refuge located along Road 80 and between Avenue 96 and Avenue 
88 that are not included in this figure. Please revise the map in Figure 1-5 (see U.S. Fish and Wildlife 
Service Cadastral Geodatabase, updated July 2019). Additionally, parts of Allensworth Ecological 
Reserve and Allensworth State Park are located adjacent and near the management area. These state lands 
should be properly identified in this figure.  
 
P 1-11. Land Use. Based on Table 1-1 (P 1-12) the “riparian” category, which includes Pixley National 
Wildlife Refuge (see Figure 1-6), is as much as 10% of the total GSA acreage. Therefore, managed 
habitat that includes the Pixley National Wildlife Refuge should be included as a primary land use of the 
GSA area. 
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P 1-13. 1.4.6 Water Use Sector and Water Use Type. Existing land use designations in the management 
area include managed habitat that relies completely on groundwater pumping (see comment on P 1-8 and 
P 1-11). A fourth water use sector should be identified to include managed habitat. Additionally the Tule 
Subbasin Settings report does not provide any estimate of water use for managed habitat. This should be 
identified as a data gap and prioritized for reconciliation.  
 
P 1-15. 1.4.6.3 Managed Recharge. Figure 1-8 shows a large recharge basin on the west-side of the 
management area and along the north bank of Deer Creek. This area is within the Pixley National 
Wildlife Refuge. As recharge projects are further developed and a system of accounting is implemented it 
will be important to acknowledge the refuge as providing recharge and the refuge should be credited 
accordingly.        
 
P 1-17. Figure 1-10. Potentially Groundwater Dependent Ecosystems within the Pixley ID GSA. This 
figure does not show any of the Pixley NWR or other habitat lands identified in the prior figures (e.g. 
Figure 1-5). Considering the history of the Central Valley and current habitat types in this area, land on 
the Pixley NWR would qualify as potential GDEs. Further evaluation and ground-truthing is needed to 
properly identify GDEs in this area. Additionally, this section notes “that the average depth to 
groundwater relative to the root zone for groundwater dependent plants is well below those plants’ roots 
systems.” It is important to note that groundwater depth fluctuates annually as well as seasonally and 
should be considered when determining the extent of GDEs in this management area.       
 
P 1-35. 1.5.1 Beneficial Users. Beneficial uses of groundwater in the Tule Subbasin are identified as 
being for “various irrigated and non-irrigated agricultural activities (including but not limited to grazing, 
vineyards, and orchards); rural domestic/residential wells; municipal and industrial supply; and aquatic 
ecosystems associated with rivers and streams.” This list should also include managed wetlands and 
specifically call out the Pixley NWR. Managed wetlands in this area provide critical habitat for thousands 
of waterfowl and shorebirds, as well as state listed species like the Tricolored Blackbird and Greater 
Sandhill Crane. 
 
P 1-41. Exhibit 1-1 Tulare County Proposed Land Use Map. This map does not include protected lands. 
Please amend this map to include the land use designation for managed habitat, i.e. Pixley NWR.  
 
P 2-7. 2.2.6.5 Aquifer Primary Uses. Chapter 2.1.7.5 of the Tule Subbasin Setting describes the 
predominant beneficial uses of groundwater “as agricultural irrigation, with other uses including 
municipal water supply, private domestic water supply, and livestock washing and watering.” This list 
should include ‘managed habitats that are important to the Pacific Flyway.’ The Pixley National Wildlife 
Refuge heavily relies on pumped groundwater to provide wetland habitat for migratory birds.  
 
P 2-10. 2.3.7 Groundwater Dependent Ecosystems. The first paragraph in this section points out that the 
Tule Subbasin Setting provides justification for not designating any GDEs in the Tule Subbasin. 
However, in section 1.4.4 (P 1-10) Figure 1-5 identifies the entire Pixley NWR as a GDE, while Figure 1-
10 shows very little GDEs. This is inconsistent and confusing. Please provide clarification on how GDEs 
are identified and update any relevant maps.  
 
P 2-10. Water Budget. The historical and current water budgets in the Tule Subbasin Setting do not 
include any water demand for managed habitat, in particular for Pixley NWR which completely relies on 
groundwater pumping. Please revise accordingly. Furthermore, the projected water budgets should show 
full Level 4 demand for Pixley NWR. Level 2 water for Pixley NWR is 1,280 acre-feet/year and 
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Incremental Level 4 water is 4,720 acre-feet/year, for a total demand of 6,000 acre-feet/year. The 
projected budget should reflect the total amount of 6,000 acre-feet/year. 
 
P 2-24. 2.4.3 Current Water Budget. The ‘Current’ water budget in the Tule Subbasin Setting report, that 
includes the Pixley ID GSA specific water budget, does not include any water use by the Pixley National 
Wildlife Refuge. Records show Pixley NWR received (pumped) all Level 2 water (1,280 acre-feet) in 
2013, 2014, and 2016. In the least, the ‘Current’ water budget should include the Level 2 water pumped 
by Pixely NWR. The amount pumped by the refuge is approximately equivalent to the municipal 
pumping in the management area and therefore is a significant beneficial user in the basin.  
 
P 2-26. 2.4.5 Projected Water Budget. The ‘Projected’ budget of the Tule Subbasin Setting should include 
full Level 4 water for Pixley NWR, 6,000 acre-feet/year, as either pumped water, surface water, or a 
combination. (See comment on P 2-10)      
 
P 3-20. 3.5.2.5.3 Affects on Beneficial Uses. As noted in previous comments (see comments on P 1-2 and 
P 1-35) managed habitat is a beneficial user. Therefore, any potential impacts to these lands should be 
appropriately evaluated, and projects and management actions should be developed to minimize these 
impacts. 
 
P 4-7. 4.2.3.1 Chronic Lowering of Groundwater Levels. This sections states “[t]he Agency will monitor 
groundwater levels at RMS within management areas shown on Figure 4-1.” It is recommended that to 
evaluate the potential adverse impacts of lowering groundwater levels (e.g. increased spending to pump 
water from lowering water tables), the Pixley ID GSA engage with the U.S. Fish and Wildlife Service to 
coordinate efforts to monitor wells located on the Pixley NWR.  
 
P 5-1. Agency Projects and Management Actions. Pixley ID GSA identifies a list of project and 
management actions to achieve sustainability that includes “water optimization, surface water 
development, managed aquifer recharge and banking, and agriculture land retirement.” We commend 
Pixley ID GSA on their serious approach to developing solutions to the groundwater overdraft in their 
area, including planning efforts to develop wildlife-friendly recharge. We look forward to continuing to 
collaborate to design, site, permit, and implement recharge projects in Pixley ID GSA that can also 
provide important wildlife habitat.   
 
P 5-1. Agency Groundwater Accounting Action. Groundwater pumping by Pixley NWR should be more 
explicitly recognized in the current and projected water budgets to ensure the development of a 
groundwater accounting system that accurately reflects water use in the management area. Pixley ID GSA 
needs to recognize the federal requirement that more water will be used on the refuge (e.g. full Level 4). 
Overall, pumping on the refuge is minimal compared to the whole and any pumping cap should not 
extend to the refuge. The refuge provides outsized benefits by creating important habitat for waterbirds 
and wildlife, and it can provide multiple benefits to the basin, such as groundwater recharge and water 
filtration.  
 
P 5-3. In establishing key components of a groundwater accounting system, the Pixley National Wildlife 
Refuge should not have any caps on pumping. Pixley NWR should have similar access to banking 
mechanisms and policies and should not have any fees imposed for its federally mandated water needs.  
 
P 5-4. 5.2.1.5 Quantification of Water Budget Impact. This section states “[t]he projected water budget 
impact of this Action is based on the current estimated consumptive use of the Agency in the Water 
Budget summarized in Section 2: Basin Setting.” None of the water budgets include managed habitat 
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demand. Please update the water budgets to reflect the Full Level 4 water demand for the refuge and then 
re-evaluate associated impacts of this Action.  
 
P 5-14. 5.2.3 Surface Water Development Projects. Any federal water available to the Pixley ID GSA 
boundary should also include meeting the Level 2 (1,280 acre-feet/year) water requirements for the 
refuge. These same surface water projects could help meet the refuge’s full Level 4 demand (6,000 acre-
feet/year) and should be included in future water demands. 
 
P 5-19. Managed Aquifer Recharge and Banking Projects. Managed aquifer recharge, banking, and 
temporary storage projects can also provide a co-benefit of habitat value if designed with wildlife 
features. We commend the inclusion of the creation of intermittent environmental habitat as a desired 
outcome of various recharge activities (see bullet #4).  Managed habitat areas may offer ideal 
opportunities for recharge or temporary storage of water, especially during high flow events that can 
negatively impact cultivated land. Managed habitat lands have existing water management infrastructure, 
providing an ideal location for early adoption of water projects at lower cost because water control 
structures are already in place. Including habitat as an added priority of the GSA’s recharge activities can 
also lead to non-target benefits (e.g. flood protection or recreation opportunities), broader cooperation 
among stakeholder groups, and more sources of funding to support these multi-purpose projects.  
 
P 5-23. Agricultural Land Retirement Projects. Strategic siting of where lands are retired and others are 
kept in production should consider the potential benefits to wildlife. Areas surrounding protected areas, 
such as Pixley National Wildlife Refuge, should be prioritized for land retirement first, especially if they 
are marginal farming ground.    
 
P 6-4. These sections describe the proposed actions for assessing Land Based Assessment Fees, 
Transitional Pumping Fees, and Over-Pumping Penalties. To support project and operating costs these 
fees are likely justifiable. It is recommended that no fees be assed to any wetlands areas, particularly on 
Pixley National Wildlife Refuge. The current acreage of managed wetlands require a tiny fraction of the 
overall water demands of the 69,500 acres of serviced land and water allocations are mandated under the 
Central Valley Project Improvement Act for Pixley NWR. Most importantly, managed wetlands provide 
habitat benefits of state and international significance and are a critical link in the Pacific Flyway. These 
wetlands need continued water supplies to provide habitat for thousands of waterfowl, shorebirds, and 
state listed species like the Tricolored Blackbird and Greater Sandhill Crane.  
      
Thank you for your consideration of Audubon California’s comments. If you would like to discuss this 
matter further, please do not hesitate to contact me at (916) 737-5707 or via email at 
sarthur@audubon.org. 
 
Sincerely, 
 

 
Samantha Arthur 
Working Lands Program Director 
Audubon California 
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RE: Comments on the Draft Pixley Irrigation District Groundwater Sustainability Plan (PID GSP) 

Dear Pixley Irrigation District Groundwater Sustainability Agency: 

The Community Water Center (CWC) would like to offer several comments and recommendations in              
response to the Pixley Irrigation District Groundwater Sustainability Agency (PID GSA) draft            
Groundwater Sustainability Plan (GSP) that was first released on September 16th, 2019, and then              
rereleased without public notice on October 27th, 2019. 

Community Water Center (CWC) is a 501(c)3 nonprofit that acts as a catalyst for community-driven               
water solutions through organizing, education, and advocacy. CWC seeks to build and enhance             
leadership capacity and local community power around water issues, create a regional movement for              
water justice in California, and enable every community to have access to safe, clean, and affordable                
drinking water. CWC has supported Sustainable Groundwater Management Act (SGMA) implementation           
through hosting several technical capacity building workshops, developing educational materials,          
community GSP review meetings, and GSA meetings. 

The comments and recommendations are provided in an effort to protect the drinking water sources of                
the vulnerable, and often underrepresented, groundwater users that CWC works with. These beneficial             
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users of groundwater include: domestic well owners, community water systems, public water systems,             
and severely disadvantaged (SDAC) or disadvantaged communities (DAC). The submitted comments are            
intended to assist PID GSA in developing a groundwater sustainability plan that accomplishes the              
following objectives:  

1. Understands disadvantaged communities’ unique vulnerabilities and adequately addresses their         
drinking water needs; 

2. Avoids developing groundwater management actions that cause negative impacts to drinking           
water supplies or cause a disparate impact on low-income communities of color; and 

3. Achieves the objectives required by the SGMA regulations and California’s Human Right to             
Drinking Water in order to ensure the PID GSP adequately addresses the requirements             
necessary for GSP approval by the Department of Water Resources (DWR).  

The Department of Water Resources (DWR) will be considering AB 685, which established the Human               
Right to Water as state law, when reviewing and approving GSPs. The Human Right to Water is a                  
California law that recognizes that “every human being has the right to safe, clean, affordable, and                
accessible water adequate for human consumption, cooking, and sanitary purposes.” GSPs that do not              
support access to sufficient and affordable quantities of drinking water, or GSPs that impact access to                
safe drinking water, may require costly and time-consuming revisions prior to approval from DWR.  

We are unfortunately very concerned that, without significant changes which we lay out in this               
comment letter, the proposed GSP will have significant negative impacts for access to safe and               
sustainable drinking water in our most vulnerable populations within the GSA -- low-income             
communities and domestic well owners. We urge PID GSA to make changes to better protect the                
beneficial uses for low-income communities of color that live within the GSA. Detailed comments and               
recommendations for individual sections of the GSP are included below. CWC conducted a focused              
technical review of certain sections of the GSP. Findings of this review are included as attachments to                 
this letter and  some of these findings are incorporated and/or referenced in this  comment letter.  

Here is a summary of a few key comments and recommendations: 

Water Budget 

Revise the basin setting and water budget of the draft PID GSP to address key missing information and                  
inconsistencies with the data and assumptions used in the development of these sections in order to                
better articulate and quantify the needs of drinking water users within the GSA. 

Groundwater Levels 

Undertake a drinking water well impact analysis that adequately quantifies and captures well impacts at               
the minimum thresholds (MT), measurable objectives (MO), and proposed undesirable results (UR).            
Describe how the approach to develop MTs/MOs is protective of diverse drinking water users, including               
domestic well owners and small community water systems.  

Groundwater Quality 

Clearly identify and describe the current level of contamination at each representative monitoring well              
and revise sustainable criteria to be protective of drinking water users. Provide a detailed explanation of                
how the proposed water quality MT approach and monitoring network will result in protection of               
groundwater for S/DACs and other drinking water beneficial users.  
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Projects and Management Actions - Well Impact Prevention/Mitigation Program 

If PID GSA defines its sustainability criteria in a way that allows for the dewatering of drinking water                  
wells, it must provide a robust drinking water protection program to prevent impacts to drinking water                
users and mitigate the drinking water impacts that occur.  

 

 

Thank you for reviewing this letter and for the consideration of our comments on the draft GSP. We look                   
forward to working with the PID GSA to ensure that the GSP is protective of the drinking water sources                   
of vulnerable, and often underrepresented, groundwater stakeholders. Please do not hesitate to contact             
us with any questions or concerns, or if you would like to meet to further discuss these important sets of                    
issues.  
 

Sincerely, 

 

 

Adriana Renteria 

Community Water Center 
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GSP Section 1: Introduction to the PID GSA GSP 
PID GSA Plan Area 
The description of the plan area should be improved by including the location of public water systems                 
serving SDCAs, DACs and domestic well communities and does not describe their dependence on              
groundwater as required by §354.8 . Without this information, the plan area is not properly              1

characterized and does not acknowledge the extent of groundwater dependence of these communities.             
In order to develop a GSP that addresses the needs of all beneficial users, it is critical that the location                    
and groundwater needs of these communities are explicitly addressed early on in the GSP. In order to                 
improve this section, we recommend the following:  

● Include a map indicating the location of public water systems serving SDACs and/or DACs as               
well as domestic well communities. In order to contextualize the subsequent sections of the              
GSP, it is critical that the geographic locations of these communities be included. Maps              
overlaying the location of these communities should also be included in subsequent sections of              
the GSP, including but not limited to when describing management areas, threshold regions, or              
potential recharge locations.  

Notice and Communication 
Public engagement, when done well, goes far beyond the usual participants to include those members               
of the community whose voices have traditionally been left out of political and policy debates . It invites                 2

citizens to get involved in deliberation, dialogue, and action on public issues that are important to them.                 
More importantly, it helps leaders and decision-makers have a better understanding of the perspectives,              
opinions, and concerns of citizens and stakeholders, especially the underrepresented ones.  

We are very disappointed with the approach LTRID GSA undertook to develop the Draft GSP. The current                 
draft GSP provides limited information regarding how communication and updates related Plan            
implementation will take place and how this will be accomplished.SGMA explicitly requires the             
consideration of all beneficial users of groundwater and the process LTRID utilized to develop the Draft                
GSP did not adequately engage domestic well owners, small community water systems, or other              
groundwater beneficial users. In addition to the lack of consideration and engagement of all beneficial               
users, we have some serious concerns with the lack of transparency and adherence to Brown Act                
requirements. For future revisions of the GSP and to improve ongoing groundwater planning efforts, we               
recommend the following changes: 

● Properly notice all public meetings, including the Groundwater Planning Commission, and           
send out both agendas and all meeting materials within 72 hours of the proposed meeting.               
Throughout the development of the Draft GSP, there were several months where the             
Groundwater Planning Commission did not release an agenda or properly notice the meetings.             
As this was a public meeting space for both LTRID GSA and Pixley Irrigation District (PID) GSA to                  
develop policy recommendations for the GSPs, it was an important meeting for stakeholders to              

1 § 354.8. Description of Plan Area.  
2 DWR. (2018) Stakeholder Communication and Engagement. 
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be aware of and be able to participate. Through several exchanges, CWC urged LTRID and PID                
GSAs to release agendas for these meetings and though we appreciate that they are now being                
sent out, this is an issue that should not have taken months to correct. In addition to not                  
sending out agendas for these meetings, several meeting materials were only released to those              
on the advisory committee even after several stakeholders requested copies. Without properly            
noticing meetings or sharing meeting materials or draft documents, the public is not able to               
meaningfully engage in this important process.  

● Ensure there is a public comment period at minimum at the beginning of all public meetings.                
The Groundwater Planning Commission was structured in a way where there were no public              
comments taken either at the beginning of the meeting or during key decision making points. It                
is critical to ensure that the public has a space to voice their concerns or recommendations and                 
properly participate in this process.  

● Properly notice the release of all important materials, including revisions to the GSP, and              
share with all interested parties. LTRID first released the draft GSP on September 19, 2019 and                
then released a revised version of the GSP on 2 October, 2019. Expecting the public to review                 
multiple versions of the draft GSP, particularly without proper notification, is a significant             
burden and an impediment to meaningful public participation. Though we appreciate that many             
of the changes in the rereleased GSP were redlined, not all of the changes were noted (including                 
those in embedded tables such as Tables 3-5 and 3-9 and Figure 3-1). This is confusing and                 
misleading. 

● Structure documents in ways that are easier for the public to review and interpret and ensure                
that any inconsistencies between documents are revised. Because of the way the documents             
are structured, information for each GSP in the Tule Subbasin is spread across four documents.               
Specifically, key information (including information pertaining to the Basin Setting, Sustainable           
Management Criteria [SMCs]), Monitoring Network, Water Budget, and Projects and          
Management Actions [P&MAs]) are presented in multiple documents and are often inconsistent.            
In order to review the content of the GSP, the public must review four individual documents and                 
attempt to reconcile the differences between the documents in order to understand the GSAs’              
intended plans. GSPs are intended to be public documents that can be reviewed and understand               
by a broad audience, with an emphasis on “plain language” descriptions.  

● Engage domestic well owners and the small community water systems by offering            
presentations and holding community meetings to share information about the GSP           
development process and solicit feedback from key beneficial users of groundwater. Though            
LTRID GSA did hold several landowner meetings for agricultural stakeholders within the            
irrigation district boundaries, the GSA did not hold any meetings to meaningfully receive             
feedback from drinking water users. Additionally, these meetings took place during work hours             
when many community members are not able to participate. The Community Service Districts             
(CSD) and Public Utilities Districts (PUDs) were also not adequately engaged through this             
process. 

● Host GSP workshops and public outreach meetings in the evening so community members are              
able to attend. The landowner meetings LTRID GSA hosted for agricultural water users within              
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the district took place from 9am-12pm which is not accessible for community members who              
work at that time.  

● Utilize existing community venues for community meetings, workshops and events to provide            
information. For example, consider conducting short presentations during CSD and PUD water            
board meetings and school district board meetings. Venues should be carefully selected in order              
to meet the needs of the targeted audience.  

● Identify community social media (Facebook, Instagram, etc.) groups, pages and websites and            
post information. Develop media advisories, press releases and work with local media outlets,             
such as local radio stations, television stations, and local newspapers to captivate a broader              
audience that are not being reached via the electronic-based outreach currently used. 

● Identify, and work with key community leaders /trusted messengers to distribute information            
and encourage community participation.  

● Provide bilingual (English and Spanish) information and materials on the website, via email             
and consider inserting short notices (notices must include key messages, visuals and            
information that is relevant to the average water user) in water bills and/or community              
newsletters. The Dymally-Alatorre Bilingual Services Act requires that public agencies serving           
over 10% of non-English speaking constituents provide appropriate translation services . At a            3

minimum, this information should be provided during plan updates, and prior to critical             
decisions. In particular, the draft GSP released during the formal comment period should include              
materials highlighting key summaries of the GSP. Critical decision points can also include the              
adoption of groundwater fees, or the approval of new groundwater projects or management             
actions.  

● Partner with other educational programs to leverage resources and explore opportunities to            
educate different generational groups.  

 

GSP Section 2: Tule Subbasin Setting 
The GSP water budget requirements are intended to quantify the water budget in sufficient detail in                
order to build local understanding of how historical changes have affected the six sustainability              
indicators in the basin. Ultimately, this information is intended to be used to predict how these same                 
variables may affect or guide future management actions . Another important reason for providing             4

adequate water budget information is to demonstrate that the GSP adheres to all SGMA and GSP                
regulation requirements and can demonstrate the ability to achieve the sustainability goal within 20              
years, and maintain sustainability over the 50 year planning and implementation horizon. The             
description of the water budget in the draft GSP (and Coordination Agreement) is not fully transparent                
and it is not clear how drinking water users will be protected when sustainable yield allocations are                 
implemented. The basin setting and water budget of the draft PID GSP are missing key information on                 
data and assumptions used in the development of these sections as well as several inconsistencies. We                
recommend the following changes: 

3 California Government Code Section 7290. 
4 DWR, 2016. Best Management Practices for the Sustainable Management of Groundwater, Modeling (BMP #5), December 
2016. 
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● Clarify which values for average annual historical overdraft were used and clarify why the              
three different documents have used different values. The revised draft GSP identifies that the              
subbasin overdraft over the historical period is estimated to be approximately 170,000 acre-feet             
per acre-feet per year (AFY), but does not clearly specify the historical time period this reflects                
(Sections 2.4.2.4 and 1.2). Table 2-3 of the Subbasin Setting shows the average annual overdraft               
for the subbasin for the period of water Year 1987 to 2017 as -160,00 AFY. Section 2.3.2.4 of the                   
Subbasin Setting states that “The average annual change in groundwater storage over the             
period from 1990/91 to 2009/10, which represents average hydrologic conditions within the            
Tule Subbasin, was approximately -115,300 acre-ft/yr. This value represents the average annual            
historical overdraft of the subbasin.”  

● Clarify the discrepancy that the PID GSA does not contribute to overdraft conditions. Section              
2.4.2.4 of the draft GSP states that “The Agency historically does not contribute to the subbasin                
overdraft conditions, providing an annual net contribution to groundwater of an estimated            
18,160 acre-feet per year on average acre-feet per year.” However, Table 2 of Appendix A to the                 
Subbasin Setting shows that on average, the PID GSA has historically had a 43,000 AFY               
groundwater storage deficit.  

● Clarify the methods used to develop the historical water budget and the groundwater flow              
model-projected water budget and if the methods are different, describe how the two             
methods relate to each other in terms of common assumptions, uncertainties, and inherent             
differences. The Coordination Agreement is not clear regarding the method used to develop the              
historical water budget. It does not specify whether a spreadsheet model, the numerical             
groundwater flow model, or another method used to develop the historical water budget.  

● Revise the draft GSP to include summary information on land use and crop evapotranspiration              
information and detail how the irrigation efficiency value was determined over the various             
model time periods so that the validity of the crop demand can be assessed. An average                
irrigation efficiency of 0.79 was used for the water budget. The value used for estimating crop                
water demand is a reasonable average for current irrigation methods in the San Joaquin Valley               
but irrigation efficiencies were likely lower during the earlier periods of the historical water              
budget. However, the GSP notes that irrigation efficiency varies by crop and year, but no               5

information is provided on how the value used was determined or its uncertainty and affects on                
water budget uncertainty.  

● Revise the draft GSP to include information on rural population estimates and density so that               
the public can assess whether it is reasonable to exclude rural residential demands from the               
water budget. Also include a discussion of the water use by livestock operations and other               
public water systems and how it is represented in the water budget. The two communities in                
the PID GSA, Pixley PUD and Teviston CSD, rely entirely on groundwater for drinking water.               
Specific data from these small community water systems were not reported, but water budget              
results show groundwater pumping from these agencies averages 800 AFY for the historical             
period (Tables 1a and 2 of the Appendix A of the Tule Subbasin Setting). This is less than 1% of                    
the agricultural pumping in the PID GSA area. Additionally, there are numerous livestock             
operations (dairies in particular) in the PID GSA area and the draft GSP identifies theCalifornia               

5  Sandoval-Solis, Samuel, 2013, Map of Application Efficiencies for Hydrologic Regions of the State of California, 
http://watermanagement.ucdavis.edu/research/application-efficiency/maps/ 
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Dairies, Inc. as a major public water systems that are reliant on groundwater . However, the               6

draft GSP does not include a discussion of the magnitude of the water demand for these                
operations or if these operations have a significant impact on the water budget.  

● Revise the draft GSP to include a more detailed discussion of how subsurface flow was               
determined and the level of uncertainty inherent in its estimation. The draft GSP             
acknowledges that there is uncertainty in many of the water budget components. Section 2.3.1              
of the Tule Subbasin Setting notes that there is a 0.2% difference in average annual surface                
water inflows and outflows leading to a conclusion that the surface water budget is a good                
representation of actual conditions. However, there is no discussion of uncertainty in the             
groundwater budget. The groundwater budget includes estimates of subsurface inflow and           
outflow and two methods used to estimate this flow component are described. However, it is               
not clear which of the two described methods were used in the water budget. 

● Revise the projected water budget to include an estimated increase in municipal pumping or              
include a justification for maintaining the municipal pumping at a constant rate. The hydrology              
and land use time series used for the projected water budget is not described. A constant value                 
of 1,100 AFY was specified for the M&I pumping in the projected water budget (Appendix A of                 
the Tule Subbasin Setting). The municipal pumping in the historic water budget increased from              
700 to 1,100 AFY, which implies that municipal pumping will continue to increase in the future,                
especially given planned future growth of the three small communities. 

● Revise the draft GSP to include information on the range of model inputs that were used in                 
evaluating the uncertainty of the projected water budget. The projected future water budget             
was used to estimate sustainable yield for the entire subbasin. To address uncertainty in the               
projected water budget and the underlying numerical model, the model was run multiple times              
with variations in aquifer properties, consumptive use, and mountain front recharge. Of the 240              
model runs, 175 model runs resulted in a projected average annual change in storage of no                
more than 5,000 AFY (i.e., sustainable or nearly sustainable conditions). The time period of              
2040-2050 was used to estimate sustainable yield because all P&MAs are expected to have been               
implemented at that time. Sustainable yield was estimated as the median value from the 175               
runs with sustainable or nearly sustainable conditions. 

● Revise the draft GSP to clearly and consistently define and describe the sustainable yield              
estimates and allocation methods within the subbasin and within the PID GSA. Include a              
description of how the sustainable yield value and the allocation method will affect municipal              
and rural groundwater drinking water users in the PID GSA area. There are significant              
discrepancies between the draft GSP and the Coordination Agreement regarding the reported            
subbasin sustainable yield value and how that yield will be allocated to the individual GSAs and                
groundwater users within the PID GSA. The Tule Subbasin Setting (Section 2.3.2.6) reports that              
the sustainable yield is 130,000 AFY, which will be allocated using a subbasin wide crop               
consumptive use rate. In contrast, the draft GSP reports that the sustainable yield is 258,000 AFY                

6 Based on the community water system boundaries obtained from the Tracking California, the California Dairies, 
Inc. water system is located in the LTRID, just north of the PID GSA. Based on this same information source, the 
Calgren Renewable Fuels community water system is located within the PID GSA, but is not identified in the GSP. 
Community Water System data: downloaded on August 6, 2019 from Tracking California: 
https://trackingcalifornia.org/water/map-viewer. 
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based on the historical period 1987-2017, which was a period when groundwater levels were              
declining and does not represent sustainable conditions. The draft GSP discussion of the             
allocation of the sustainable yield says the allocations will be based on the proportion of the                
subbasin represented by each GSA (Section 2.4.2.6). The draft GSP further states that this              
method will also be used to allocate the PID GSA portion of sustainable yield to individual                
groundwater users; this is also not consistent with the method described in the draft Subbasin               
Setting. Without clearly describing how the sustainable yield was developed or what the correct              
value is, it is not clear how the PID GSA will be able to achieve sustainability by 2040.  

 

GSP Section 3: Sustainable Management Criteria  

Groundwater Levels  
CWC’s technical review of the Draft PID GSP identified several data gaps and potential significant               
impacts to public water systems and domestic wells. The current GSP does not adequately consider the                
groundwater impacts that may affect the supply and beneficial uses of groundwater as required by GSP                
regulations Section 354.16. As currently written, the GSP is insufficient and is at risk of being deemed                 
inadequate by DWR. In order to address these concerns, we recommend the following revisions:  

● Clarify the rationale for the water level decline used to develop MTs/MOs and explain how               
this water level decline is reasonable and sustainable for DACs and domestic well             
communities in the PID GSA. Using the proposed sustainable management criteria, CWC            
undertook an analysis of the proposed drinking water impacts for the communities of Pixley and               
Teviston, and the surrounding domestic well households. Based on our assessment of the             
drinking water impacts (CWC, Figure 2A and 2B), water level declines could result in significant               
impacts to drinking water users. Across the five PID GSA water level RMWs, water levels would                
be expected to drop by an average of nearly 52 feet from current conditions if water levels                 
reach the MOs and by approximately 92 feet if water levels reach the MTs. The groundwater                
level MTs in the vicinity of these communities are an average of approximately 70 feet lower                
than current conditions. In the area of Teviston, the MT is approximately 90 feet lower than                
current conditions. At its MO, this well would experience approximately 43 feet of water level               
decline from current conditions (CWC, Figure 2A). Water levels at RMW 25N01 located just              
three miles east of Pixley would drop by 130 feet at its MO and 176 feet at its MT. Given that the                      
subbasin is in critical overdraft, the GSP should explain how the projected additional water level               
declines of more than 90 feet within DACs and more than 170 feet in close proximity to a DAC                   
will result in sustainable conditions for beneficial users 

In addition to water level decline in the two communities, the draft GSP would also have                
significant impacts on domestic well users. Our assessment took available well construction            
information and compared the well screens of the domestic wells located within a 1.5-mile radii               
of the RMW to the proposed MTs for the RMWs. In our assessment, a well is identified as fully                   
dewatered if the MT is below or at the bottom of the well screen interval and a well is identified                    
as partially dewatered at if the MT is below or at the midpoint of the well screen interval.                  
Approximately half of the domestic wells within the PID GSA area are located within the 1.5                
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miles of an RMW. If water levels reach MTs, approximately 40% of these domestic wells would                
be expected to be fully dewatered and an additional 33% of these wells would be expected to                 
be partially dewatered. This rough assessment of domestic well impacts does not capture             
impacts for all domestic wells and therefore the PID GSA should undertake a drinking water well                
impact analysis. Based on the draft PID GSP water budgets, rural domestic and small water               
system demand is very low compared to agricultural water uses and thus does not contribute               
substantially to the overdraft conditions. Nonetheless, the risks imposed on these drinking            
water users are overlooked and neglected, creating a disproportionate impact.  

● Undertake a drinking water well impact analysis that adequately quantifies and captures well             
impacts at the minimum thresholds, measurable objectives, and proposed undesirable results.            
Though Section 3.5.2.5.3 of the draft GSP states that the sustainability indicators were             
developed in a way that considered the impacts to beneficial users, the draft GSP does not                
clearly and transparently present an assessment of these identified impacts, including and in             
particular, the impacts of the proposed MOs/MTs on domestic wells, small water systems, and              
DACs. As required by 23 CCR §354.28, these assessments should be included in the GSP in order                 
for the public and DWR to fully evaluate the ability of the proposed SMCs and monitoring                
program to protect beneficial users within the PID GSA area. Therefore, an impact analysis              
should be performed to evaluate the potential impacts to wells associated with the water level               
MOs/MTs and presented in the GSP. The locations of potentially impacted wells should be              
identified and presented in maps in the GSP so that the public and DWR may assess the well                  
impacts specific to DACs and other sensitive users within the PID GSA area. The GSP should also                 
consider and quantify both the potential dewatering of wells and the pumping costs associated              
with the increased lift at the projected lower water levels, in order to more fully and                
transparently consider the impacts to beneficial users. This analysis should be included in the              
annual reporting process. Analysis should include:  

○ Locations of potentially impacted wells overlayed on a map so the public can better              
assess well impacts specific to DACs, small water systems, or other beneficial users of              
water, 

○ Quantify the number of potentially impacted wells broken down by well type (ag,             
domestic, small water system, city),  

○ Quantify the costs associated with impacted wells including lowering pumps, well           
replacement and increased pumping costs associated with the increased lift at the            
projected water levels.  

● Describe how the approach to develop MTs/MOs is protective of diverse drinking water users.              
The PID GSA area includes over 130 domestic wells, and two DWR designated DACs (Pixley and                
Teviston) with a collective population of over 5,080 people. The PID GSA area also includes three                
public water systems, including two small community water systems that serve over 3,000             
people. Despite this broad and diverse dependence on groundwater for drinking water use, the              
approach to setting water level MOs/MTs and URs does not explicitly take these drinking water               
beneficial users into account. The Draft PID GSP does not present the impact of the proposed                
MOs/MTs on domestic wells, DACs and other key communities within the PID GSA area, nor               
does it present an assessment of how many and which domestic wells are expected to go dry if                  
the MOs/MTs are reached. As required by 23 CCR § 354.28, these assessments should be               

11 



 
included in the GSP in order for the public and DWR to be able to fully evaluate how the MTs                    
may affect the interests of beneficial uses and users.  

● Clarify how the projected water level decline before reaching the UR is not significant and               
unreasonable as described in 23 CCR § 354.26. In particular, clarify how the UR are protective                
and adequately capturing the impacts to DACs and domestic well owners. The proposed UR              
does not clearly indicate how the proposed water level MTs will preserve the quality of life or                 
support population growth, given the lack of consideration for drinking water beneficial users in              
the subbasin, in particular domestic well users and DACs reliant on groundwater. This approach              
is not protective of all users within the basin, particularly DAC community members who do not                
have the financial resources to address well impacts themselves. In addition to not having the               
resources to construct deeper wells, low income communities also do not have the resources to               
implement water treatment systems that require expensive operation and maintenance costs.           
Moreover, deeper wells and water treatment systems result in a significant increase in energy,              
operation, and maintenance expenses that can reflect back on water bills that are already              
overpriced in small water systems and above the California water affordability threshold of 1.5%              
of MHI .  7

● Analyse how groundwater gradients will influence water quality and water levels at each             
minimum threshold. As described above, if water levels reach the MTs at the RMWs, water               
levels would drop by an average of approximately 70 feet at the RWMs near Pixley and Teviston.                 
However, as shown on CWC Figure 2B, the amount of decline is not consistent throughout the                
PID GSA area. At RMW 25N01, located in the northeast portion of the PID GSA, water levels                 
would drop by over 170 feet, and at RMW 28J02, located on the southwest side of the PID GSA,                   
water levels would drop by about 35 feet. The insets in Figures 2A and 2B show the estimated                  
water level declines at the RMWs overlaid on the draft Fall 2017 groundwater elevation contour               
map (Figure 2-18). Steep water level gradients are present in the northern portion of the PID                
GSA, including an apparent large cone of depression northwest of Pixley. If water levels are               
managed to MOs or MTs, based on the range of expected water level declines, significant               
changes to groundwater flow gradients could occur. In addition to dewatering wells, changes to              
groundwater flow gradients could potentially result in changes to water quality. Therefore, it is              
recommended that the impacts to groundwater gradients at the proposed MOs and MTs be              
analyzed and described in the GSP, in addition to the likely impacts to drinking water wells. 

● Identify the SMCs set by the Tri-County Water Authority (TCWA) GSA in the northwest corner               
of PID GSA and include a discussion of how the TCWA SMCs will affect water levels within the                  
PID GSA. A small pocket of the TCWA GSA’s area is located inside the boundaries of the PID GSA,                   
in the northwest corner of the PID GSA. The PID GSA has not identified any water level RMWs in                   
the north western portion of its boundary, but the TCWA has two water level RMWs within this                 
area.  

● Develop and include a plan that outlines steps that will be taken is a drinking water well goes                  
dry as a results of the PID GSA’s management actions and projects.  

● Develop a protective minimum threshold near vulnerable communities, including domestic          
wells, to avoid localized impacts and ensure the protection of these important water sources.              
Near small community water systems and domestic well users, PID GSA should reconsider the              

7 Affordability threshold from the State Water Board’s Drinking Water State Revolving Fund.  
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approach of setting water level MTs as the current proposal leaves key beneficial users in the                
subbasin, specifically domestic well users and S/DACs vulnerable to significant impacts. It is             
important to protect vulnerable communities access to a reliable source of water, thus             
minimum thresholds for groundwater levels should be set at a level above the screen of the                
shallowest domestic well. If PID GSA decides to define and reach its sustainability criteria in a                
way that allows for the dewatering of drinking water wells, it must provide a robust drinking                
water protection program to prevent impacts to drinking water users and mitigate drinking             
water impacts that occur. Recommendations for this type of program are included in the              
Management Actions and Projects section of this letter.  

 

Groundwater Quality 
We are pleased that the draft GSP establishes MTs/MOs based on maximum contaminant levels (MCLs)               
for contaminants of concern for municipal use. There are however a few areas in regards to                
groundwater quality sustainable management criteria that are not clear and could cause significant             
impacts to drinking water users if not adequately addressed. Public water systems are required by state                
law to be in compliance with water quality objectives. Increased contamination levels, or the presence               
of new contaminants the system or home previously was not impacted by, cause water systems to                
utilize more expensive treatment methods and/or the need to purchase additional alternative supplies             
as blending may become more difficult or impossible. Communities reliant on domestic wells who are               
aware of contamination in their water and use a point of use/point of entry (POU/POE) filtration                
systems may no longer be able to use their devices if contaminate levels rise too high. Increased                 
contamination levels result in unreasonable impacts to access to safe and affordable water and is thus                
inconsistent with SGMA and the Human Right to Water. In order to avoid these challenges, we                
recommend the following changes: 

● Clearly and transparently describe the basis for the sustainable management criteria. The            
water quality SMCs presented in Tables 3-5 and 3-9 of the draft GSP are not consistent with the                  
processes for determining IMs, MOs, and MTs described in Sections 3.5.1.3.1 and 3.5.2.3.1 of              
the draft GSP, which state that the MOs are “a change above the baseline groundwater quality                
to not exceed 10% of long term 10 year running average” and the MTs are “a change above the                   
baseline groundwater quality to not exceed 15% of long term 10 year running average.”              
However, the majority of SMC values presented in Tables 3-5 and 3-9 are not calculated based                
on this method. For nitrate as N, conductivity (except for two RMWs), and pH, the presented MT                 
and MOs are equal to each other and appear to be based on the Basin Plan Objectives listed in                   
Table 2 of the Tule Subbasin Monitoring Plan. Based on the discrepancies in the draft GSP, it is                  
not clear what method was used to develop the water quality SMCs and what the PID GSA                 
intends to use to define water quality sustainability.  

● Clarify what is intended by methodology for developing MTs/MOs and explain how            
ever-increasing water quality concentrations are sustainable and protective of beneficial users           
and uses, including domestic well owners and small community water systems. The baseline             
methodology for developing MOs and MTs uses a 10-year running average, which implies that              
the MOs and MTs will be recalculated for each reporting period and thus ever-increasing water               
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quality concentrations will remain within the MTs as long as the rate of increase stays within a                 
15% increase over the running average. Additionally, the MO and MT values presented in the               
draft GSP are exactly the same for pH, nitrate as N, arsenic, and chromium. 

● Revise the Undesirable Results for groundwater quality to be revised as follows:  
● Any degradation above the MCL; or 
● If under the MCL, a degradation of more than 25%, or approaching 75% of the MCL 
● If over the MCL and any further  degradation 

The above criteria are to be measured at least annually and apply where 15% of monitoring                
wells exceed criteria for two consecutive years at the same wells. Any UR that is determined to                 
be a health hazard by a county, State or Federal agency should be immediately addressed even                
if it does not meet the above criteria. 

● Revise the draft GSP to explain how the proposed SMCs will be protective of drinking water                
users located in agricultural areas, specifically rural residential domestic well users. It appears             
that water quality SMCs will be applied for different COCs based on management areas.              
However, the draft GSP does not explain how managing for selected COCs in agricultural areas               
will be protective of drinking water users, and vice versa. 

● Revise the arsenic MOs/MTs to be in alignment with state drinking water regulations. The              
arsenic MO and MT for the Pixley PUD CCR listed in the tables are 15.95 ppb and 16.7 ppb,                   
respectively. These values both exceed the MCL for arsenic of 10 ppb. The 2018 baseline for                
arsenic in the Teviston CSD CCR is 4.6 ppb per Table 3-5, and the MO in the same table is more                     
than 15.95 ppb, which is more than triple (347%) of the baseline value, and in excess of the MCL                   
for arsenic. This is inconsistent with the MO/MT method described and because the value              
exceeds the MCL, water produced by the Teviston CSD would not be compliant with regulatory               
requirements for potable water served to the public. These SMC for arsenic are inappropriate,              
inconsistent with regulations, and do not represent water quality sustainability.   

● Provide an analysis of water quality data in the GSA to describe how the contaminants of                
concern (COC) list was determined and explain which contaminants were not included. The             
Coordination Agreement identifies nitrate, pesticides, 1,2-dibromo-3-chloropropane (DBCP), and        
1,2,3-tricholoropropane (TCP) in the upper aquifer as COCs and arsenic, manganese, and            
hydrogen sulfide as COCs for the lower aquifer (Section 2.1.7.4 of the Tule Subbasin Setting).               
However, the draft GSP includes a shorter list of COCs for the PID GSA (Table 3-4) and does not                   
provide an explanation of how this list of COCs was determined for the PID GSA area. Based on                   
an analysis of available data the GSA should determine and explain inclusion or exclusion of a                
particular contaminate in the GSP and monitoring program. As part of the data review also               
identify any water quality data gaps that need to be addressed by the GSA. 

● Revise the draft GSP to include a more comprehensive discussion of water quality related to               
the two National Priority List sites, including those issues that may impact drinking water              
beneficial users, including DACs. Section 2.2.6.4 of the draft GSP discusses aquifer water quality,              
and states “While the majority of these sites are associated with leaking underground storage              
tanks [LUSTs], there is two National Priority List [NPL] sites within the GSA; one in the                
community of Tipton and the other being in the community of Pixley. Problems associated with               
point source contamination sites are highly localized”. However, only one NPL site is identified              
within the PID GSA area in Table 2-1, and the COCs related to the NPL site near the DACs within                    
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the PID GSA area are not discussed in the draft GSP. The only water quality constituent                
examined in the draft GSP is nitrate.  

● Revise the draft GSP to fully consider all available water quality data in its analysis of                
groundwater conditions and the hydrogeologic conceptual model. Section 5.3 of the draft Tule             
Subbasin Monitoring Plan lists the data sources included in the DataManagement System (DMS),             
including DWR Water Library, California Statewide Groundwater Elevation Monitoring         
(CASGEM), Groundwater Ambient Monitoring & Assessment (GAMA), California State Water          
Resource Control Board (SWRCB) Drinking Water Branch, Regional Water Quality Control Board            
(RWQCB) Annual Reports, DWR Groundwater Information Center Interactive Map Application          
(GICIMA), and Tule Basin Water Quality Coalition (TBWQC). However, based on Figure 2-15 of              
the Tule Subbasin Setting that shows nitrate concentrations, TBWQC is the only data source              
used in the analysis.  

● Revise the draft GSP to include specific discussions of the water quality conditions and trends               
for applicable constituents and uses and include an evaluation of the change in water quality               
constituent concentrations relative to change in water levels, particularly over drought           
periods, to evaluate the potential relationship between water quality and groundwater           
management activities. As stated in the Tule Subbasin Setting, “Nitrate (NO3) concentrations in             8

the GSA area range from less than 6 mg/L [milligrams per liter] to greater than 101 mg/L with                  
higher concentrations in the northwestern portion of the GSA (see Figures 2-15, Tule Subbasin              
Setting)” (Section 2.2.6.4). The Tule Subbasin Setting further acknowledges that “While nitrate is             
not an issue for agricultural irrigation or dairy supply, elevated nitrate in groundwater from              
small domestic supply wells could limit the beneficial use of water where these wells are               
impacted” (Section 2.2.4). As shown on the 2018 isocontour map for nitrate as N in Exhibit 3-2                 
of the draft GSP, high nitrate as N concentrations (>10 mg/L) are present in the eastern edge of                  
PID GSA. However, despite this identified risk to drinking water beneficial users, the draft GSP               
does not include analysis of potential impacts to beneficial users of groundwater, particular             
DACs and small community systems.  

● Revise the draft GSP to have an analysis and discussion of the spatial relationship between the                
presence of the Corcoran Clay and arsenic concentrations in the GSP. As stated in the Tule                
Subbasin Setting, “In the Tule Subbasin, the Corcoran Clay is as much as 150 ft thick beneath the                  
Tulare Lake bed but becomes progressively thinner to the east, eventually pinching out             
immediately east of Highway 99 (Lofgren and Klausing, 1969)” (Section 2.1.2). As shown on the               
2018 isocontour map for arsenic in Exhibit 3-2 of the draft GSP, high arsenic concentrations (>10                
ug/L) are present in the western and central parts of the PID GSA, including within the                
community of Pixley (a DAC). Arsenic concentrations have been shown in some areas of the               
Central Valley to have a relationship to the dewatering of the Corcoran Clay. However, the draft                9

GSP does not include relevant discussion on the spatial relationship between water quality and              
Corcoran Clay. DWR’s best management practices include more guidance on this topic.  10

8 Stanford, 2019. A Guide to Water Quality Requirements Under the Sustainable Groundwater Management Act, 
Spring 2019. 
9 Smith, Ryan et al. “Overpumping leads to California groundwater arsenic threat.” Nature communications vol. 9,1 
2089. 5 Jun. 2018, doi:10.1038/s41467-018-04475-3. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5988660/ 
10 DWR, 2017. Best Management Practices for the Sustainable Management of Groundwater, Sustainable 
Management Criteria (BMP #6), Draft November 2017. 
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● Revise Tables 3-5 and 3-9 of the draft GSP to use the proper units for conductivity which are                  
micro Siemens per centimeter (μS/cm). Tables currently use units of μm/cm [micro meters per              
centimeter] which are not a valid unit for conductivity. 

● Evaluate the potential impacts of subsidence on DACs, community water systems, and            
domestic well users. As shown on Figure 2-25 of the Tule Subbasin Setting, land subsidence               
from 2015 to 2018 is more significant in the PID GSA area than the rest of the subbasin. In                   
addition to causing water quality impacts, subsidence can have adverse impacts including            
damaging well infrastructure and buildings. For many small community water systems and            
domestic well owners, these impacts can be very costly and lead to lack of access to safe and                  
affordable drinking water.  

● Revise the GSP to establish MOs and MTs for conductivity for the two water system CCR RMS.                 
Conductivity can have an effect on non-health based characteristics of drinking water quality,             
and thus secondary MCLs have been established. It is recommended that SMCs for conductivity              
be applied across all RMS. The MTs for conductivity for the two RMS wells (E0259438 and                
724662) are lower than their MOs. The MT for arsenic for one of the water system CCR RMSs                  
(TCSD CCR) is lower than its MO. Water quality MOs are typically lower than MTs. The draft GSP                  
should clarify what the intended MOs and MTs are for conductivity and arsenic and how they                
will be applied given the values presented in the draft GSP. 

● Consider working with local and regional water agencies or the county to implement             
groundwater quality remediation projects that could improve both quality as well as levels             
and to ensure groundwater management does not cause further degradation of groundwater            
quality. The strategic governance structure of GSAs can uniquely leverage resources, provide            
local empowerment, centralize information, and help define a regional approach to           
groundwater quality management unlike any other regional organization. When implemented          
effectively, GSAs have the potential to be instrumental in reducing levels of contaminants in              
their regions, thus reducing the cost of providing safe drinking water to residents. GSAs are the                
regional agency that can best comprehensively monitor and minimize negative impacts of            
declining groundwater levels and degraded groundwater quality that would directly impact rural            
domestic well users and S/DACs within their jurisdictions. When potential projects are proposed,             
PID GSA should consider how projects could potentially both positively and negatively impact             
groundwater quality conditions and should take leadership in coordinating regional solutions. 

 

GSP Section 4: Monitoring Networks 
Robust monitoring networks are critical to ensuring that the GSP is on track to meet sustainability goals.                 
GSAs undertaking recharge, significant changes in pumping volume or location, conjunctive           
management or other forms of active management as part of GSP implementation, must consider the               
interests of beneficial users, including domestic well owners and S/DACs. As currently developed, the              
monitoring network does not adequately monitor how groundwater management actions related to            
groundwater levels could impact vulnerable communities.  We recommend the following changes:  

● Provide an explanation of whether and how the CCR data are representative of groundwater              
Conditions. The RMWs include two wells as well as the Consumer Confidence Reports (CCRs) for               
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the Teviston CSD and Pixley PUD (Tables 3-5 and 3-9). The water quality analysis included in CCR                 
reporting is based on drinking water served to the public after treatment, rather than the raw                
water extracted from the ground. The draft GSP does not specify the treatment level for these                
water systems, and therefore it is unclear how the data presented in the CCRs represents the                
water quality conditions of the groundwater. In order to better understand and monitor             
groundwater quality conditions in the GSA, additional sampling to understand raw water quality             
conditions are needed.  

● Evaluate and demonstrate how the proposed water quality monitoring network is sufficient to             
monitor for impacts to domestic well users in the PID GSA area and expand the monitoring                
network to address these gaps. CWC Figure 4 shows the locations of the water quality RMS                
(based on draft GSP Table 4-2), DACs, public water systems, and domestic wells in the PID GSA.                 
The RMS are generally located near DACs and community water systems, but provide minimal              
coverage for the domestic well users that are well distributed across the northern portions of               
the PID GSA area. The proposed network of water quality and water level RMWs appear to be                 
insufficient to monitor impacts to groundwater for drinking water beneficial users, particularly            
domestic well users. Without adequate monitoring that capture shallow aquifer impacts for            
both levels and quality, domestic well users may be vulnerable to lack of access to safe water.                 
This monitoring is required by 23 CCR § 354.34 therefore, PID GSA should develop plans to fill                 
the data gaps for these sensitive communities and specify where the location of these new               
RMW will be located and if they will be used for groundwater level or quality MTs/MOs.  

● Revise the draft GSP to consistently identify the number and location of the water quality               
RMS within the PID GSA area. The lists of the water quality RMS appear to be inconsistent                 
between certain tables and figures in the draft GSP. Figure 3-1 of the draft GSP shows five RMS                  
wells, and only two of them appear match the RMS wells listed in Table 3-5 and 3-9. Table 3-5                   
and 3-9 identify the CCRs for two water systems as RMS, but Table 4-2 identify two RMS wells                  
for these two water systems instead. Figure A1-7 of the Tule Subbasin Monitoring Plan shows               
the water quality monitoring network for the subbasin, and includes at least four wells within               
the PID GSP area.  

● Revise the draft GSP to include maps of the proposed monitoring network overlayed with the               
two communities (Pixley and Teviston) and domestic well locations. Without adequte maps,            
DWR and the public will not be able to adequately review monitoring gaps. See CWC Figures in                 
the Attachments of this letter for examples of monitoring maps we developed to evaluate this               
GSP. 

● Revise the draft GSP to clarify and correct inconsistencies between the GSP and the Tule               
Subbasin Monitoring Plan, include a clear description of the monitoring schedule for all COCs              
identified in the GSPs, and revise the monitoring schedule to sample all COC for each RMS at                 
least annually. Based on Section 4.2.3.4 of the draft GSP, degraded water quality will be               
monitored as described in the Tule Subbasin Monitoring Plan. However, the Tule Subbasin             
Monitoring Plan states that “Annual water quality monitoring of the wells shown on Figure A1-7               
will include laboratory analysis for nitrate as N only (see Table A1-5)” and “Every five years,                
samples from the wells shown on Figure A1-7 will be analyzed for an expanded list of analytes.                 
In addition to nitrate, samples will be analyzed for total dissolved solids (TDS) and major cations                
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and anions (see Table A1-5)” (Section 2.4.1 of the Tule Subbasin Monitoring Plan). Table A1-5               
shows the constituents that will be monitored for groundwater quality trends. Other COCs             
identified to be monitored in Table 3-4 of the draft GSP, such as arsenic and chromium, are not                  
included in the annual sampling or five-year sampling list in the Tule Subbasin Monitoring Plan.               
Given that the MOs and MTs may be applied based on a 10-year average concentration, each                
RMS should be sampled for all COCs at least annually. 

● Clarify how the PID GSA intends to establish SMCs for RMS not identified as specific wells. The                 
MO and MT methods identified in Sections 3.5.1.3.1 and 3.5.2.3.1 of the draft GSP specify that                
the SMCs are calculated for “each RMS well.” However, based on Tables 4-2, 3-5, and 3-9, the                 
GSA intends to use water system CCRs as RMS in addition to the three identified RMS wells. 

● Clarify how URs will be evaluated within the PID GSA area given that there are several                
non-well RMS. The Coordination Agreement defines the URs for degraded water quality as             
“unreasonable long term changes of groundwater quality above the minimum thresholds at            
greater than 50% of GSA Management Area RMS wells caused by groundwater pumping and/or              
groundwater recharge” (Section 4.3.3.2) 

● Clarify which form of nitrogen will be monitored for purposes of compliance with the SMCs.               
Table 3-4 identifies “Nitrogen as N” as a COC. However, Tables 3-5 and 3-9 list “Nitrate as N” as                   
a COC.  

● Develop long-term access agreements for RMWs owners and operators and identify who the             
owners are (Section 4.2.3.4). It is understood that the PID GSA will be mostly relying on water                 
quality data collected by others for purposes of its long-term sustainability monitoring and             
compliance, in particular, a number of the water quality RMWs are owned by small community               
water systems or a private owner. As shown in Table A1-1 of the Tule Subbasin Monitoring Plan,                 
a number of existing monitoring wells lack owner information. Small water systems often have              
limited resources and can be less consistent with their water quality and other reporting,              
despite the regulatory requirements in place. Small water systems are also more prone to              
significant changes such as closure or acquisition and consolidation into larger systems.            
Collecting data from private wells is also not a reliable approach due to access challenges, lack of                 
well construction information, and unreliable accounting of pumping or non-pumping          
measurements. The GSP should specifically identify the RMW owners and operators, include            
signed long-term access agreements, and identify a plan to obtain adequate monitoring data,             
should for any reason the well owners not grant access to the wells or provide associated data                 
to the PID GSA. In order to maintain consistency for future sustainability analyses, the PID GSA                
could also consider conducting its own water quality analysis of wells and establish access              
agreements to water quality RMWs.  

● Clarify how pH will be measured. Because pH is not measured as a concentration of chemicals,                
the baseline methodology for MOs and MTs should not be applied in the same manner. 

● Clarify how much data will be considered sufficient for purposes of calculating the 10-year              
baseline and describe what methodology will be used if baseline values are nondetect. While              
the draft GSP indicates that 2020 water quality data will be included in a future calculation of                 
the MOs/MTs, the plan does not describe what will be considered sufficient.  
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● Clarify how the GSA plans to align groundwater monitoring efforts and the sustainable             

management criteria with any emerging contaminants of concern and new MCLs.  

 

GSP Section 5: Projects and Management Actions 
The current projects and management actions (P&MAs) in the draft GSP do not provide enough               
information for the public and DWR to evaluate if they are adequate in helping PID GSA achieve                 
sustainability. This section is incomplete and does not meet requirements indicated by 23 CCR § 354.44.                
Proposed projects also fail to consider impacts to drinking water including potential groundwater quality              
impacts to domestic wells and small community water systems. Without properly considering drinking             
water users, this list of potential projects have the possibility to impact DAC’s access to safe and                 
affordable drinking water. We recommend the following changes:  

● Revise the groundwater accounting system to identify the accounting plan or mechanism for             
each type of user that will be used to create individually tailored allocations. At a minimum                
identify key policies that will be incorporated into the groundwater accounting system that             
will ensure that DACs, small water systems, and domestic well users will have access to safe,                
clean, affordable, and accessible drinking water. According to Section 5.2.1 of the draft GSP,              
tools such as monitoring, debiting, crediting, and carry-over policies and mechanisms will be             
used to track groundwater use, track water credits (groundwater and/or surface water), and             
develop water budgets for individual landowners. However, the draft GSP does not clearly             
describe how these tools will be applied to different water users, including agriculture, M&I, and               
domestic well users.  

● Clarify if future pumping restrictions will be placed on communities and under what             
conditions. Revise this section to ensure communities will not be subject to future pumping              
restrictions. Section 5.2.6 states that “the CSDs and PUDs were developed as a separate              
management area and subject to the local control and management of the public entities that               
provide water service” and acknowledges that “These areas are Severely Disadvantaged           
Communities and a reliable water supply for these communities is vital,” and that “[their] water               
use will be reviewed through periodic updates to the Plan and compared to the available               
sustainable yield for the community and pumping limits acceptable to the Agency, as allowed              
under the regulatory code of SGMA.” This implies that the PID GSA may implement pumping               
restrictions on the water systems but does not clearly identify how and under what conditions               
pumping restrictions could be implemented. 

● Revise the P&MAs to clarify whether a reduction in pumping will be implemented and by how                
much. If groundwater pumping is estimated to increase, describe how this contributes to             
reaching groundwater sustainability given the severely overdraft conditions of the subbasin.           
Based on Table 2-7 (Planning Transitional Pumping), there will be a decrease of 0.5              
acre-feet/acre (AF/ac) in pumping every five years through 2040, until the sustainable yield is              
met. The same proposed reduction in groundwater use during plan implementation is shown in              
Table 5-1 of the draft GSP. However, Table 4 in Appendix A of the Tule Subbasin Setting, which                  
provides the projected future groundwater budget for the PID GSA, shows that groundwater             
pumping will actually increase during this period.  
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● Revise the draft GSP to clarify inconsistencies between the P&MA section and the Tule              

Subbasin Setting. The P&MAs identified in the draft GSP are inconsistent with those identified in               
Table 2-6 of the Tule Subbasin Setting. The P&MAs identified in the Tule Subbasin Setting Table                
2-6 were reportedly incorporated into the groundwater flow model to develop the projected             
water budget, which was used as the basis for establishing sustainable yield estimates and water               
level MOs and MTs. 

● Revise P&MAs to include all details required by required by 23 CCR § 354.44 and explicitly                
describe how such risks to water quality will be evaluated and monitored as a part of the                 
development of the specific recharge projects. As future specific projects are developed, the             
details should be clearly communicated to the public through an active stakeholder outreach             
and communication process that proactively seeks to include members of DACs. The draft GSP              
does not identify specific locations, anticipated size of recharge projects, estimated volume of             
storage and other benefits, or estimated costs for such projects, and thus limited information is               
available for the public to review regarding these P&MAs.  

● Revise Section 5.2.5 to include details on the planned fallowing and describe how this project               
was factored into the groundwater flow model, water budget and planned transitional            
pumping projections. Table 2-7 of the Tule Subbasin Setting presents the “Planned Transitional             
Pumping” for the PID GSA that was incorporated into the projected water budget for the               
subbasin and groundwater flow model. Based on this, fallowing is planned over the 2020-2040              
transitional pumping step down period. From this table it is not clear if the PID GSA intends to                  
fallow a total of 5,000 acres over the 20-year period, or to fallow a total of 20,000 AFY.                  
Additionally, the fallowing of lands is not described in Section 5.2.5 (Agricultural Land             
Retirement Projects) of the draft GSP or shown as a P&MA in Table 2-6 of the Tule Subbasin                  
Setting.  

● Assess the impacts and identify the benefits of the water supply augmentation projects near              
DACs and small water systems. The draft GSP does not describe how future recharge projects               
will be monitored, or include a discussion of potential water quality impacts that can result from                
these projects. It is important to consider that, depending on the source water used, recharge               
projects have the ability to improve or degrade groundwater quality. In addition, recharge             
projects have the potential to mobilize contaminants, including by mobilizing surface and            
shallow soil contaminants through percolation, spreading existing contaminant plumes by          
altering the groundwater flow gradient, and mobilizing naturally occurring compounds through           
changes in geochemistry due to the introduction of a different water type, among other              
mechanisms. As recommended in the 2019 Stanford A Guide to Water Quality Requirements             
Under the Sustainable Groundwater Management Act, “In addition to complying with any            
regulatory requirements, GSAs undertaking recharge or other active management actions          
should consider developing a sufficient understanding of the interactions between subsurface           
geology, geochemistry and GSP projects in their basin. The development of sufficient monitoring             
networks, capable of detecting changes in groundwater quality conditions related to active            
management, will be critical to understanding these interactions.” Identifying the potential           
impacts and benefits that might occur because of these projects is critical in order to proactive                
plan to avoid undesirable impacts to drinking water users. 
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● Develop criteria for recharge projects that prevent unintended impacts to drinking water.            

Groundwater recharge projects can have multiple benefits such as increasing groundwater           
storage and levels, as well as diluting contaminant plumes and improving groundwater quality.             
However, if not properly designed, recharge projects may mobilize nitrates, pesticides, and            
fertilizers, as well as naturally occurring contaminants, and can lead to the further degradation              
of groundwater quality, impacting drinking water wells. Currently, it is unclear if these proposed              
projects include precautions of groundwater quality degradation or if groundwater quality is            
included in the monitoring plan of these projects. In order to develop recharge projects that               
move the subbasin towards sustainability, avoid the further degradation of groundwater, and            
improve drinking water conditions, we recommend the following considerations for this           
recharge criteria : 11

1. When selecting sites for on-farm recharge projects, GSAs can work with growers who              
are implementing some or all of the following in order to minimize the mobilization of               
pesticides and fertilizers: 

● Using best management practices that optimize chemical use so residuals do           
not enter recharge water; 

● Growing crops that require fewer fertilizers (e.g. legumes); 
● Recharging during winter months (when less/no fertilizer is being used); 
● Minimizing fall applications of fertilizers and pesticides; 
● Not surrounded by dairy operations. 

2. When implementing on-farm recharge projects, recharge on the same plot of land             
annually for a consecutive number of years in order to most effectively flush out and               
dilute residual contaminants (especially nitrate) left behind from previous applications.          
Continued flushing will also help reduce bicarbonate, calcium, and organic carbon           
transport which will limit their impact on the dissolution and release of uranium and/or              
arsenic. 

3. Prior to implementing any recharge project, identify all nearby drinking water wells             
(both public supply and private wells). Additional monitoring wells that collect           
groundwater quality samples may need to be installed in key areas to protect public              
health.  

4. Prior to implementing any recharge project, collect data to characterize the upper soil              
zone and groundwater quality, including the amount of fertilizer applied and any            
naturally occurring contaminants present in the soil. Monitor and adjust the quality of             
water being recharged in order to limit the mobilization of naturally occurring            
contaminants (e.g. monitoring oxygen, pH, electrical conductivity, and nitrate levels). 

11Community Water Center. Guide to Protecting Drinking Water Quality Under the Sustainable Groundwater Management Act. 
https://d3n8a8pro7vhmx.cloudfront.net/communitywatercenter/pages/293/attachments/original/1559328858/Guide_to_Prot
ecting_Drinking_Water_Quality_Under_the_Sustainable_Groundwater_Management_Act.pdf?1559328858 
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5. Consider recharging through excavated points, ditches/canals, and other designated          
recharge basins in order to bypass soil layers with naturally occurring contaminants,            
pesticides, and/or nitrate. 

 

Missing Drinking Water Well Mitigation Program  
As noted previously, our review indicated that the usability of over 73% of domestic wells near the                 
representative monitoring wells in the PID GSA area would be expected to be significantly impacted if                
water levels reach the proposed MTs. Moreover, based on the draft GSP water budget, rural domestic                
and small water system demand does not contribute substantially to the overdraft conditions, yet the               
risks imposed on these drinking water users are overlooked and neglected, creating a disproportionate              
impact on already vulnerable communities. Without any clear actions regarding establishing a            
groundwater allocation or addressing reductions in groundwater pumping, drinking water users could            
face significant impacts, particularly if the region faces another drought. If LTRID GSA defines its               
sustainability criteria in a way that allows for the dewatering of drinking water wells, it must provide a                  
robust drinking water protection program to prevent impacts to drinking water users and mitigate the               
drinking water impacts that occur.  

A GSP which lacks a mitigation program to curtail the effects of projects and management actions on the                  
safety, quality, affordability, or availability of domestic water, violates both SGMA itself and the Human               
Right to Water. The Human Right to Water (AB 685) (HR2W) was signed in 2012 and added § 106.3 to                    
the California Water Code, declaring it, “the established policy of the state that every human being has                 
the right to safe, clean, affordable, and accessible water adequate for human consumption, cooking, and               
sanitary purposes.”   12

The HR2W applies to all state agencies, requiring they, “...shall consider this state policy when revising,                
adopting, or establishing policies, regulations, and grant criteria when those policies, regulations, and             
criteria are pertinent to the uses of water…”. Both the State Water Resources Control Board (SWRCB)                13

and the Department of Water Resources (DWR), are required to consider HR2W when revising,              
adopting, or establishing policies, regulations, and grant criteria that may impact the uses of water for                
domestic purposes. Furthermore, DWR is expressly compelled to review GSPs for compliance with the              
HR2W by 23 CCR §350.4(g).  

The California legislature has recognized that water used for domestic purposes has priority over all               
other uses since 1913. Reserving top priority for domestic water use was later codified in 1943, in                 14

Water Code § 106, which declares it the, “established policy of this State that the use of water for                   
domestic purposes is the highest use of water and that the next highest use is for irrigation.” More                  15

recently, the passage of the Safe and Affordable Drinking Water Act by Governor Newsom indicates a                16

clear state-level commitment to providing safe and affordable drinking water to California’s most             
vulnerable residents. Poor implementation of SGMA would threaten the success of the Safe and              

12 WAT § 106.3 (a). 
13 WAT § 106.3(b).  
14 California Water Commission Act of 1913 § 20. 
15 WAT§ 106; This policy is also noted in the Legislative Counsel’s Digest for AB 685. 
16 SB 200, Monning (2019). 
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Affordable Drinking Water Fund and would run counter to Governor Newsom’s vision of providing safe               
water to all. 

To ensure compliance with the legislature’s long established position, and in accordance with 23 CCR               
§350.4(g), the HR2W requires that DWR must consider the effects on domestic water users when               
reviewing and approving GSPs.  17

A carefully designed and implemented Drinking Water Well Impact Mitigation Program can support a              
statewide goal of ensuring access to clean, safe, reliable, and affordable drinking water. Including this               
type of program in a GSP also helps to create a groundwater management plan that understands DACs’                 
unique social and economic vulnerabilities, is sensitive to their drinking water needs, and avoids causing               
a further disparate impact on low-income communities. 

A Drinking Water Well Mitigation Program could include a combination of different strategies including:              
replacing impacted wells with new, deeper wells, connecting domestic well users to a nearby public               
water system, or providing interim bottled water. Key considerations and recommendations, including            
examples from existing well mitigation program, will be shared with the PID GSA separately.  

Attachments to this Letter 
1. CWC Figure 1— Representative Monitoring Network for GW Levels Relative to Domestic Wells, 

DACs, and Community Water Systems 
2. CWC Figure 2A— Estimated Water Level Decline at Measurable Objectives and Domestic Wells 
3. CWC Figure 2B— Estimated Water Level Decline at Minimum Thresholds and Domestic Wells 
4. CWC Figure 3—  Water Level Minimum Thresholds and Domestic Wells 
5. CWC Figure 4—  Representative Monitoring Network for GW Quality Relative to 
6. Domestic Wells, DACs, and Community Water Systems 

 

17 See generally, WAT § 106.3 (b). 
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Notes
1. All locations are approximate.
2. The portion of the Tri-County Water Authority GSA located within the boundary of the PID GSA includes two water level RMWs.

References
1. Domestic Well Densities: Research to develop the CWC Vulnerability Tool draft as of August 6, 2019. The dataset excludes private wells located in areas served by public water
systems, based on the Water Boundary Tool (WBT).
2. Disadvantaged community data: downloaded on August 6, 2019 from the DAC Mapping Tool: https://gis.water.ca.gov/app/dacs/.
3. Public Water System data: downloaded on August 6, 2019 from Tracking California: https://trackingcalifornia.org/water/map-viewer. Includes community and non-community 
water systems.
4. Information of the Representative Monitoring Site for groundwater level in the draft GSP is conflicting. RMS wells are located by combining information from Figure 2-34, Table 1A-1, 
and Table 1A-3 in draft Tule Subbasin Monitoring Plan, dated August 2019. The MOs and MTs are from Table 3-2 and Table 3-7 in the draft Pixley Irrigation GSA GSP - Public Review 
Draft dated September 2019.

Figure 1 - Representative Monitoring Network for GW Levels Relative to
Domestic Wells, DACs, and Community Water Systems
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3. Public Water System data: downloaded on August 6, 2019 from Tracking California: https://trackingcalifornia.org/water/map-viewer. Includes community and non-community 
water systems.
4. Groundwater level representative monitoring wells are the wells assigned with MTs and MOs according to the draft Pixley Irrigation District GSA GSP - Public Review Drafts dated 
September 2019. The MO values are from Table 3-2 in the draft GSP. The Fall 2017 groundwater elevation contours are from Figure 2-17 of the draft Tule Subbasin Setting, dated 
August 2019.

Figure 2A - Estimated Water Level Decline at Measurable Objectives and Domestic Wells
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Figure 2B - Estimated Water Level Decline at Minimum Thresholds and Domestic Wells
Pixley Irrigation District GSA
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1. All locations are approximate.
2. For this assessment, the proposed MTs in ft above sea level were converted to depth below ground surface values, based on the ground surface elevation of RMS wells.
3. Where available, bottom of screen interval of a domestic well was used for this assessment, and bottom of well depth was used for the remaining domestic wells. A well is identified
as fully dewatered if the MT is below the bottom of the well screen interval; a well is identified as partially dewatered if the MT is below the midpoint of well screen interval. Wells with
insufficient data and/or wells outside of the 1.5-mile radius were not evaluated.
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Figure 3 - Water Level Minimum Thresholds and Domestic Wells
Pixley Irrigation District GSA
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Figure 4 - Representative Monitoring Network for GW Quality Relative to
Domestic Wells, DACs, and Community Water Systems

Pixley Irrigation District GSA

Notes
1. All locations are approximate.
2. A portion of the Tri-County Water Authority GSA is located within the boundary of the PID GSA.

References
1. Domestic Well Densities: Research to develop the CWC Vulnerability Tool draft as of August 6, 2019. The dataset excludes private wells located in areas served by public water
systems, based on the Water Boundary Tool (WBT).
2. Disadvantaged community data (place, tract, and block group): downloaded on August 6, 2019 from the DAC Mapping Tool: https://gis.water.ca.gov/app/dacs/.
3. Public Water System data: downloaded on August 6, 2019 from Tracking California: https://trackingcalifornia.org/water/map-viewer. Includes community and non-community 
water systems.
4. Representative Monitoring Site wells for groundwater qulity are from Table 3-9 in draft Pixley Irrigation District GSA GSP, - Public Review Draft dated September 2019. 
Two community CCR reports, according to the draft GSP,  will be utilized for monitoring water quality in Teviston CSD and Pixley PUD.

GW Quality RMS Wells

GW Quality RMS Water System CCRs
Number of Domestic Wells per Section

1 - 2

2 - 5

5 - 10

10 - 16

Public Water Systems

Disadvantaged Communities

Portion of the Tri-County 
Water Authority GSA (Note 2)







 
P.O. Box 846 • Lindsay, CA 93247 • Phone: (559) 562-2581 • Fax: (559) 562-3882 • www.lsid.org 

 

23260 Round Valley Drive • Lindsay, CA 93247 

Eastern Tule GSA 
Lower Tule River Irrigation District GSA 
Pixley Irrigation District GSA 
Delano-Earlimart Irrigation District GSA 
Tri-County Water Authority GSA 
Alpaugh GSA 
 
RE: Public Comments to Tule Basin Groundwater Sustainability Plans (GSP) 
 
To: Directors and Staff of the Referenced Groundwater Sustainability Agencies 
 
Lindsay Strathmore Irrigation District supports the comment letter dated December 16, 2019, 
submitted on behalf of Friant Water Authority concerning your Groundwater Sustainability Plans 
(GSP) for the Tule Subbasin.  By and through this letter, the District adopts each comment and 
objection in that letter as its own, along with any exhibits or attachments to that letter, and 
incorporates herein by this reference all such comments, objections, and documents. 
 
The District specifically wants to emphasize the importance of addressing and resolving the 
ongoing subsidence issues with the Friant-Kern Canal that are caused or exacerbated by 
groundwater pumping in the Tule Subbasin.  Allowing for three (3) additional feet of subsidence 
along the Friant-Kern Canal is unacceptable without adequate mitigation.   Nor is it acceptable to 
further handicap this issue by requiring more than 50% of the seven (7) monitoring sites to show 
three (3) feet of subsidence before considering this matter an undesirable result.  To prevent 
further water supply loss and economic injury to the Friant Contractors, the District urges you to 
meaningfully address and resolve the issue of subsidence in your GSPs, including undertaking 
the actions suggested by Friant Water Authority.   
 
Sincerely, 
 

 
_________________________________ 
Craig N. Wallace 
General Manager 
Lindsay-Strathmore Irrigation District 
 
cc.  LSID Board of Directors  
 Friant Water Authority 
 District Legal Counsel  
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December 16, 2019 
 
Alpaugh GSA 
Delano Earlimart Irrigation District GSA 
Eastern Tule GSA 
Lower Tule River Irrigation District GSA 
Pixley Irrigation District GSA 
Tri-County Water Authority GSA 
 
Re: Comments on Tule Subbasin Groundwater Sustainability Plans  

To:  The Directors and Staff of the Referenced Groundwater Sustainability Agencies 

The Friant Water Authority (FWA), which operates the 152-mile long Friant-
Kern Canal (FKC or Canal) on behalf of the United States Department of Interior’s 
Bureau of Reclamation (Reclamation) and which Canal conveys contract water to 34 
water agencies and municipalities that in turn serve tens of thousands of residential 
customers and over 1 million acres of farmland, respectfully submits this comment 
letter on the Groundwater Sustainability Plans (GSPs) that have been drafted by each 
of the Groundwater Sustainability Agencies (GSAs) addressed in this letter pursuant to 
the Sustainable Groundwater Management Act (SGMA).1    

As a preliminary matter, we commend the various boards, staff members and 
technical consultants for the efforts that have gone into the preparation of the draft 
GSPs and for the transparent and collaborative manner in which the GSAs have 
engaged with stakeholders such as FWA.  We are in this together, and your leadership 
to date, as evidenced by the outreach to our agency, has been exemplary.  With the 
exception of the issues noted below, FWA fully supports the adoption and 
implementation of the GSPs.  To that end, FWA looks forward to continuing our 
collaboration in order to achieve the “Sustainability Goal” of the Tule Subbasin, which, 
as defined in the Tule Subbasin Coordination Agreement (Coordination Agreement), is 
“the absence of significant and unreasonable undesirable results associated with 
groundwater pumping.”2 

In our initial comment letter of May 28, 2019, we notified each GSA that FWA 
would be carefully reviewing the draft GSPs in terms of the description and definition 
of undesirable results with respect to subsidence impacts to the Canal, and noted that 
while SGMA established a 20-year planning period to bring the Tule Subbasin into 
sustainability, the continuation of unmitigated land subsidence impacts to the Canal 
would be unacceptable and that feasible solutions must be identified.  With that 

 

1 Water Code § 10720 and following. 
2 Coordination Agreement, § 4.2. 
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outcome in mind, we provide our specific comments on the draft GSPs, particularly the GSP of 
the Eastern Tule GSA (ETGSA). 

 
We support the stated intent in the Coordination Agreement as to the purpose of avoiding 

undesirable results in the context of land subsidence: “the avoidance of an undesirable result of land 
subsidence is to protect critical infrastructure for the beneficial uses within the Tule Subbasin, including 
excessive costs to fix, repair, or otherwise retrofit such infrastructure and may also result in an interim 
loss of benefits to the users of such infrastructure.”3  It cannot be disputed that the FKC is one of if not 
THE most critical infrastructure facility in the Tule Subbasin with respect to the conveyance of water for 
beneficial use.  It also cannot be disputed, as documented in the GSPs, that groundwater pumping in the 
vicinity of the Canal has resulted in upwards of 9 feet of land subsidence in recent decades - several feet 
of which has occurred in recent years even after the adoption of SGMA. 4   Because the Canal’s 
conveyance system relies on a “gravity” design, this subsidence has reduced the conveyance capacity of 
the Canal to 40% of its original capacity (from 4,000 to 1,650 cubic-feet per second (cfs)) in these 
subsided areas.  The resulting constriction in the Canal is precluding the delivery of significant amounts 
of water to Friant Division Contractors (Friant Districts) below the subsided areas and also affects the 
ability to Friant Districts above the constricted area to engage in exchanges or transfers of water.   

As a result of the persistent overdraft conditions in the Tule Subbasin, FWA, at considerable 
expense, is developing plans, undertaking environmental review, and pursuing permitting to address 
these existing subsidence impacts by restoring capacity through a project referred to as the “Friant-Kern 
Canal Middle Reach Capacity Correction Project” (Project).  The current engineering estimates place the 
cost of the Project in excess of $500 million. 

With this well-documented and undisputed background in mind, including the extensive 
information, analysis and modeling in the GSPs and their supporting technical appendices, FWA must 
express its dissatisfaction with both the proposed “minimum thresholds” for subsidence and the criteria 
used to define “undesirable results” with respect to future subsidence as applied to the FKC.  Specifically, 
the draft GSPs provide for up to three feet of additional subsidence along the Canal caused by 
transitional pumping/use BEFORE the identified minimum thresholds are exceeded.  This impact will be 
compounded by the reliance of the GSPs on the definition of undesirable results in the Coordination 
Agreement, which provides as follows: 

§ 4.3.4.2 Criteria to Define Undesirable Results:  “the criteria for an undesirable result for 
land subsidence is defined as the unreasonable subsidence below minimum thresholds at 
greater than 50% of GSA Management Area RMS resulting in significant impacts to 
critical infrastructure.”  (Emphasis added.) 

Figure 5-1 of the GSP for the ETGSA identifies seven Representative Monitoring Sites (RMS) along 
the most severely subsided portion of the FKC covering a distance of approximately 12 miles measured 
from the Tule River at Avenue 152 to Avenue 80.  Using the proposed criteria for defining an undesirable 
result, the “transitional” overdraft pumping will be permitted to potentially cause 3 additional feet of 

 

3 Coordination Agreement, § 4.3.4.3. 
4 ETGSA GSP, § 4.3.5; see also FWA’s Friant-Kern Canal Fact Sheet (attached). 
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subsidence over at least a 4-6 mile area (the distance of 4 of 7 RMS (i.e., more than 50% of the 
Representative Monitoring Sites)) BEFORE being deemed an undesirable result.5  This is not acceptable 
to FWA unless there is concurrent and corresponding mitigation in the form of compensation to FWA 
and the Friant Districts to pay for the damages resulting from such pumping as discussed further below.6  
If the GSAs agree to incorporate the prompt adoption of management actions that would provide 
reasonable compensation to address “interim” subsidence (i.e., the continuation of subsidence until the 
proposed “minimum thresholds” are reached), then FWA would not object to the GSPs maintaining 
these objectives, not as minimum thresholds that must be exceeded before management action is taken, 
but rather, as a basis for additional management actions, including greater compensation for damages 
to the Canal and Friant Districts and potential additional reductions in groundwater pumping to achieve 
sustainability sooner and avoid further impacts to the Canal if these so-called minimum thresholds are 
exceeded. 

In addition to establishing a uniform zero-tolerance for additional subsidence impacts to the 
Canal absent appropriate compensation/mitigation, the criteria for monitoring any continued 
undesirable results for land subsidence as pertaining to the Canal need to be site specific and should be 
based on any additional subsidence detected at a single RMS location.  Furthermore, because the FKC is 
critical infrastructure, FWA recommends that the Tule Subbasin GSPs incorporate additional RMS along 
the FKC for the entire length of the Tule Subbasin and that such RMS locations be spaced not more than 
one mile apart.  Some of the Friant Districts are adding such monitoring sites for their own water 
banking/recharge projects near the FKC, and we would encourage the GSAs to incorporate these 
facilities as part of their subsidence monitoring management actions with respect to the FKC. 

While the GSPs do not calculate the amount of capacity loss to the Canal from the contemplated 
3 additional feet of subsidence that is predicted over the first 15 years of the GSPs, FWA estimates this 
capacity reduction to be on order of 460 cubic feet per second (cfs), which would result in a conveyance 
capacity of 1,140 cfs (based on current deficient conditions) and put the Canal capacity at 2,860 cfs below 
the original design capacity of 4,000 cfs. FWA further estimates that the 3 additional feet of subsidence 
contemplated under the GSPs will result in further reduced water deliveries to Friant Districts below the 
impacted area on the order of at least 30,000 to 40,000 acre feet (AF) per year, in addition to the already 
significant inability to convey water during wet years such as 2017 and 2019 where FWA estimates that 
upwards of 300,000 AF could have been delivered to Friant Districts but for the capacity restrictions 
caused by subsidence due to overdraft groundwater pumping in the Tule Subbasin.  Under such 
conditions, Friant Districts’ imported surface water supplies through the FKC will be even further 
restricted, which in turn will diminish their ability to contribute to the sustainable management of their 
own respective subbasins in the future.   

 

5 See ETGSA GSP, § 5.8.3.1.2 (Quantified Minimum Thresholds).   
6 See Civil Code section 3479:  “Anything which is injurious to health, including, but not limited to … an 
obstruction to the free use of property, so as to interfere with the comfortable enjoyment of life or property, or 
unlawfully obstructs the free passage or use, in the customary manner, of any …canal … is a nuisance.”  
(Emphasis added.)  It is FWA’s position that any pumping activity causing further subsidence to the Canal 
constitutes a nuisance unless appropriate compensation/mitigation is provided.   
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FWA is encouraged that the GSP for ETGSA establishes a “Friant-Kern Canal Subsidence 
Management Area.”  However, neither that Plan nor any of the other GSPs establish specific 
management actions or mitigation to address the continued subsidence impacts to the Canal despite the 
fact that the GSPs contemplate continued overdraft conditions (aka “transitional pumping/use”) through 
the implementation period of 2040.7 

For the above reasons, all further subsidence along the Canal as contemplated in the GSPs should 
be considered significant and unreasonable and deemed to substantially interfere with surface land uses 
unless appropriate mitigation is provided to fairly compensate FWA and the Friant Districts for such 
interference.8  Accordingly, the GSPs should be revised to mandate the prompt adoption of management 
actions (following adoption of the GSP) that provide for such equitable compensation as a condition of 
the transitional groundwater pumping permitted under each GSP in areas where such pumping can 
reasonably be demonstrated to cause continued subsidence impacts to the Canal.   

Given the acknowledged effects of continued subsidence proximate to the FKC, these immediate 
management actions to mitigate such impacts are required.  To this end, concurrent with the adoption 
of the final GSPs, as amended to address the comments provided herein, FWA respectfully request that 
the Board of each GSA direct staff to continue to work with FWA and Friant Districts to promptly develop 
and bring back for adoption management actions that would establish mechanisms to mitigate future 
subsidence impacts in the form of compensation to FWA and Friant Districts to pay for the costs of 
repairs to the FKC resulting from the transitional pumping/use permitted under the GSPs as well as the 
reduced water deliveries to Friant Districts until such repairs are completed.  This mitigation could come 
in the form of  fees or charges imposed on groundwater pumping and/or  assessments or charges spread 
over the lands benefitting from groundwater pumping permitted under the GSPs that have caused, and 
can reasonably be demonstrated will continue to cause, undesirable results to the Friant-Kern Canal. 

On behalf of FWA, I appreciate your consideration of these comments.  FWA staff looks forward 
to continued collaboration on prompt and appropriate actions that will help us move forward with our 
mandate to restore critically needed capacity to the Friant-Kern Canal. 

Sincerely, 

 

Jason Phillips, CEO 

Attachment:  FWA Subsidence Fact Sheet 

 

 

7 We acknowledge that the Delano-Earlimart GSP does contain management actions that assert it will achieve 
sustainability, but because the plan still anticipates that future subsidence will occur, more attention to address 
FWA’s concerns regarding compensation for continuing subsidence impacts to the FKC is still warranted. 
8 See Water Code § 10721(x)(5).   
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December 17, 2019 

 

Pixley ID GSP 
Eric Limas, General Manager 
357 East Olive Avenue 
Tipton, CA 93272 
 
Re: PIXID Groundwater Sustainability Plan 
 
Dear Mr. Limas, 
 
Westchester Group Investment Management (WGIM) offers the following comments on the 
Draft Pixley Irrigation District (PIXID) Groundwater Sustainability Plan (GSP): 
 
Allocation of Native Yield 

 
The GSP references native yield in terms of acre-feet per gross acre for water budget purposes 
and provides some background on how this allocation was developed and explains that this is not 
a determination of individual water rights.  While we appreciate the background on using this 
method, , the GSP should also clarify that these calculations are for initial water budget purposes 
ONLY, and are non-precedent setting. WGIM encourages LTRID GSA and other GSAs in the 
basin to initiate a stakeholder-driven process to develop a methodology for establishing 
landowner-level allocations that are coordinated across the basin.  The allocation methodology 
should be consistent with various legal considerations drawn from applicable case law and 
attempt to be consistent with groundwater rights, recognizing that GSAs do not have statutory 
authority to make a final determination of water rights.  An equal-per-gross acre approach to 
allocations is not likely to be consistent with established water rights doctrine, which must 
recognize many equitable considerations, in addition to acreage owned, to determine a legally 
defensible allocation.  Further information regarding allocation methodology can be found in 
Groundwater Pumping Allocations Under California’s Sustainable Groundwater Management 
Act – EDF and NCWL, dated July, 2018. 
 
Pumping Restrictions  

We understand that there are instances where it may be necessary to restrict pumping in order to 
achieve basin-wide sustainability and address local subsidence.  Indeed, we appreciate the initial 
ramp-down procedure to address pumping restrictions that has been proposed.  That being said, 
we feel the GSA should implement pumping restrictions supported by the best available data and 
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appropriate analytical tools, that avoid undesirable results and prevent sudden disruptions in 
economic activity.  

As with native yield allocations, initial pumping allowances and ramp down schedules should be 

coordinated and consistent across the entire basin so that similarly situated pumpers in the 

basin are treated equitably.  

Measurement and Data Management 

GSAs should develop a coordinated basin-wide data management system (“DMS”) that is 
capable of tracking groundwater and surface water use at the landowner, field, or parcel level, 
and a coordinated methodology for measuring landowner-level use of groundwater.  The DMS 
should also include, or be capable of interfacing with, a groundwater market platform that allows 
for individual users to conduct transactions.   

Markets will be most effective if there is confidence in the accuracy of the measurements taken, 
consistency in the data sources relied upon, and flexibility to allow for transactions across the 
basin.  For instance, GSAs using remote sensing to calculate crop evapotranspiration (“ET”) as a 
measurement of consumptive use of groundwater should develop methodologies and quality 
assurance elements to allow for grower provided information to be included into the ET 
calculation and calibration. Additionally, GSAs should establish criteria and procedures to 
address any apparent inaccuracies in the ET calculations (e.g., if calculated ET is greater than 
applied water and precipitation). 

Again, we acknowledge and support the efforts the GSA has made regarding recharge and 

banking, and we look forward to working with the GSA to continue to refine recharge and 

banking policies as they continue to evolve 

 

Refinement and Validation of Consumptive Use Calculations Based on ET Measurement 

 
WGIM supports use of efficient and accurate systems to determine groundwater use.  GSAs using 
remote sensing to calculate crop ET as a measurement of consumptive use of groundwater should 
develop methodologies and quality assurance elements to allow for grower-provided information 
to be included into the ET calculation and calibration.  These methodologies should be developed 
in consultation with the vendor providing ET data to ensure it is applicable and useful in creating 
the best available data set. Additionally, the GSA should establish criteria and procedures to 
address apparent inaccuracies in the ET calculations. An obvious use of the procedure would be 
in instances where the grower can demonstrate that applied water, plus precipitation, is less than 
the calculated ET.  In these instances, and subject to any requirements established by the GSA, 
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the grower’s use of groundwater should be reduced to the applied water total as the ET 
calculation should not be greater than applied water.   
 
Sincerely, 
 

 
 
Brian L. Hauss 
Vice President 
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Comment Response Summary 
PixID GSA Public Review Draft Groundwater Sustainability Plan dated October 27, 2019  

 
Comment letters on the PixID GSA Draft GSP were received from the following entities/individuals: 

 
Comment 

Letter  Entity/Individual  Abbreviation 
 A  Arvin Edison Water Storage District / Shafter-Wasco Irrigation District  AEWSD / SWID 
 B  Audubon California  AC 
 C  Bureau of Reclamation  BR 
 D  California Department of Fish and Wildlife  CDFW 
 E  Community Water Center  CWC 
 F  Friant Water Authority  FWA 
 G  Hancock Farmland Services  HFS 
 H  Lindsay-Strathmore Irrigation District  LSID 
 I  Tulare County Farm Bureau  TCFB 
 J  The County of Tulare  TC 
 K  Westchester Group Investment Management, Inc.  WGIM 

 
 
 
 
Review comments have been grouped by similar topic and summarized, with a response from the GSA.  
 
 

Topics   
 1. Subsidence/ Infrastructure Impacts 6.  Land Use (Future Growth) 
 2. Environmental 7.  Water Budgets/Technical Issues 
         -Groundwater Dependent Ecosystems 8.  Generalized Comments 
 3. Beneficial Users      -GSA Policies 
         -Public Water Systems      -Basin Setting 
         -Domestic Well Users      -Sustainable Management Criteria 
 4. Water Quality      -Projects & Management Actions 
        -Disadvantage Communities  

 5. Public Participation  

   

   

   

   



Response to Comments – Public Review Draft of PixID GSA GSP 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
Page 2 of 12 

Subsidence/ Infrastructure Impacts Comments received from:  AEWSD-SWID, BR, FWA, LSID 
Response to these comments are provided in Master Response 1 

Comment # GSP 
Reference Review Comment Summary* 

A.1 3.5.2.4 Minimum thresholds are not protective of beneficial users’ ability to receive FKC water deliveries downstream of the Tule Subbasin 
due to subsidence in the Tule Subbasin. 

A.2 5.2 Tule Subbasin GSPs should include P&MAs that allow zero additional subsidence beyond legacy. 

A.3 TSCA - 4.3.4 UR be defined at each RMS for Subsidence on the FKC. Incorporate RMS at 1-mile intervals along FKC. GSP does not identify 
P&MA's that will be taken to avoid subsidence UR along the FKC. 

A.4 5.2.1 Mitigation to damages to the FKC should be proposed from the use of Transitional Pumping. 

A.5 TSCA - 4.2 The Sustainability Goal in the TSCA and the Tule Subbasin GSPs is not fully consistent with the General Principles laid forth in the 
GSP Regulations. 

A.6 TSCA - 4.3 The definition of Undesirable Results in the TSCA and the Tule Subbasin GSPs is not compliant with the GSP Regulations. 
A.7 2.3.5 The Basin Setting information lacks sufficient discussion of the serious issue of subsidence. 
A.8 4.2.3.5 The Monitoring Network for subsidence in the vicinity of the FKC is inadequate. 

A.9 3.5.1.4 The proposed Sustainable Management Criteria for subsidence are insufficient in their consideration of impacts on adjacent 
basins. 

A.10 5.2 The proposed Projects and Management Actions do not adequately address and mitigate impacts from subsidence. 
A.11 3.5.1.4 The “Undesirable Results for Land Subsidence” were not adequately defined regarding subsidence related impacts on the FKC. 

A.12 3.4; TSCA - 
4.3.4 

Allowing less than 50% of the Representative Monitoring Sites (RMSs) to exceed the Minimum Thresholds (MT) criterion might not 
be protective of adequate conveyance capacity of the FKC. 

A.13 3.5.2.5.3 The FKC current and projected conveyance capacity based on SMC should be defined. 
A.14 3.5.1.4 The relationship between the FKC Conveyance Capacity and Measurable Objectives (MOs). 
A.16 DEID GSA Insufficient RMSs along the FKC in the DEID GSA MA. 
A.17 4 RMSs at river crossing might not be approximate 
A.18 4.2.3.5 There are not RMSs dedicated to address the concern of FKC structural damages. 

A.19 DEID GSA The FKCSMA does not include the portions of FKC in the ET and DEID GSA MA. Although historical subsidence along the FKC in 
the DEID GSA MA has been small, future subsidence will increase if groundwater extraction increases in the vicinity of the FKC. 

A.21 General Subsidence and associated ground deformation are mostly irreversible 
A.22 5.2 Curtailment of groundwater extraction near the FKC should be included in Projects & Management Actions. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Subsidence/ Infrastructure Impacts Comments received from:  AEWSD-SWID, BR, FWA, LSID 
Response to these comments are provided in Master Response 1 

Comment # GSP 
Reference Review Comment Summary* 

C.1 General Concurrence with FWA letter to Tule Subbasin GSA's 
F.1 5.2.1 Mitigation for additional subsidence along the FKC caused from "Transitional Pumping". 
F.2 ETGSA Undesirable Result would occur if Minimum Threshold occurred at 1 RMS. 
F.3 ETGSA Incorporate additional RMS along the FKC, spaced no more than 1 mile apart. 
F.4 ETGSA Develop a "Friant-Kern Canal Subsidence Management Area". 
H.1 General Concurrence with FWA letter to Tule Subbasin GSA's 
H.2 3 Unacceptable to allow 3 additional feet of subsidence and for 50% of RMS to reach their MT before an UR occurs. 

 
 
 
Environmental/ Groundwater Dependent Ecosystems Comments received from:  AC, CDFW 
Response to these comments are provided in Master Response 2 

Comment # GSP 
Reference Review Comment Summary* 

B.1 ES Environmental users should be added to those reliant on groundwater pumping. 
B.2 1.4.3.1 Add Pixley NWR areas within Pixley ID GSA. 
B.3 Figure 1-5 Add additional Pixley NWR, Allensworth Ecological Reserve and Allensworth State Park to figure. 
B.4 Land Use Pixley NWR to primary land uses. 
B.5 1.4.6 Manage habitat should be identified as a major water use sector. 
B.6 1.4.6.3 Recharge within the Pixley NWR should be identified and credited appropriately. 
B.7 Figure 1-10 Pixley NWR should be identified as a potentially GDE. 
B.8 1.5.1 Managed wetlands should be included in beneficial users of groundwater. 
B.9 Exhibit 1-1 Amend figure to include land use designations for managed habitat. 

B.10 2.2.6.5 Include managed habitat in beneficial uses of groundwater. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Environmental/ Groundwater Dependent Ecosystems Comments received from:  AC, CDFW 
Response to these comments are provided in Master Response 2 

Comment # GSP 
Reference Review Comment Summary* 

B.11 2.3.7 Provide clarification on inconsistencies for identify GDEs. 
B.12 2 Include water demand for managed habitat in water budget. 

B.13 3.5.2.5.3 
Managed habitat should be included as a beneficial user of groundwater and any impacts from projects and management actions 
should be evaluated. 

B.14 4.2.3.1 Include wells in Pixley NWR in monitoring network. 
B.15 5 Encourage development of wildlife friendly recharge. 
B.16 5.2.1 Pumping caps should not be implemented on the Pixley NWR. 
B.17 5.2.1.5 Update water budget to include full Level 4 water demand of Pixley NWR. 
B.18 5.2.3 Surface water requirements for the Pixley NWR should be included in water budget. 
B.19 5.2.4 Provide co-benefit for wildlife to managed aquifer recharge, banking, and temporary storage projects. 
B.20 5.2.5 Areas surrounding Pixley NWR should be prioritized for land retirement. 
B.21 6 Recommend that no fees be imposed on wetlands areas. 
D.1 3.5.2.5.3 Effects of SMCs on beneficial users including GDEs and species therein. 
D.2 2.3.7 The statement that ISWs do not occur in the Tule Subbasin is not adequately supported. 
D.3 2.3.6 The analysis that GDEs do not exist based on depth to groundwater analysis is not adequate to support justification. 

D.4 2.3.6 Reevaluate SMC with consideration to adverse impacts to environmental beneficial users & revise MTs to reflect critically over 
drafted subbasin. 

D.5 4.2.3 Install additional shallow groundwater monitoring wells near potential GDEs and along ISWs. 
 
 
 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Beneficial Users Identification Comments received from:  CWC, TC 
Response to these comments are provided in Master Response 3 

Comment # GSP 
Reference Review Comment Summary* 

E.1 1.4 Include a map indicating the location of public water systems serving SDACs and or DACs as well as domestic well communities. 

E.17 1.4.12 
Revise the draft GSP to include information on rural population estimates and density so that the public can assess whether it is 
reasonable to exclude rural residential demands from the water budget. Also include a discussion of the water use by livestock 
operations and other public water systems and how it is represented in the water budget. 

E.22 3.5 Clarify the rationale for the water level decline used to develop MTs/MOs and explain how this water level decline is reasonable 
and sustainable for DACs and domestic well communities in the LTRID GSA. 

E.23 3.5.2.5 Undertake a drinking water well impact analysis that adequately quantifies and captures well impacts at the minimum thresholds, 
measurable objectives, and proposed undesirable results. 

E.24 3.5.2.5 Describe how the approach to develop MTs/MOs is protective of diverse drinking water users. 
E.25 3.4 Clarify how the projected water level decline before reaching the UR is not significant and unreasonable. 
E.26 3.5.2.1 Analyze how groundwater gradients will influence water quality near DACs and water levels at each minimum threshold. 

E.28 5 Develop and include a plan that outlines steps that will be taken is a drinking water well goes dry as a result of the LTRID GSA’s 
projects and management actions. 

E.29 3.5.2 Develop a protective minimum threshold near vulnerable communities, including domestic wells, to avoid localized impacts and 
ensure the protection of these important water sources. 

E.47 4 Revise the draft GSP to include maps of the proposed monitoring network over laying the three communities (Tipton, Woodville, 
and Poplar) and domestic well locations. 

E.56 5.2.1 
Revise the groundwater accounting system to identify the accounting plan or mechanism for each type of user that will be used to 
create individually tailored allocations. At a minimum identify key policies that will be incorporated into the groundwater accounting 
system that will ensure that DACs, small water systems, and domestic well users will have access to safe, clean, affordable, and 
accessible drinking water. 

E.57 5.2.1 Clarify if future pumping restrictions will be placed on communities and under what conditions. Revise this section to ensure 
communities will not be subject to future pumping restrictions. 

E.64 5.2 GSP is missing drinking water well mitigation program. 

J.7 1 The County will continue to monitor the municipal and domestic user interests. This could lead to decisions being made that 
adversely impact these beneficial users. 

J.10 3.5.2.5 Include domestic well users as beneficial users and expand on impacts to domestic well users and mitigation that will be provided. 
J.13 5 Groundwater extraction limitations should not be imposed on communities. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Beneficial Users Identification Comments received from:  CWC, TC 
Response to these comments are provided in Master Response 3 

Comment # GSP 
Reference Review Comment Summary* 

J.14 5 A mitigation program should be included in projects and management actions for continued lowering of groundwater levels 
caused from ramp down. 

J.16 5.2.5 Focused land retirement in areas with higher concentration of domestic wells. Recharge projects to protect domestic wells from 
increased contamination 

J.18 5.2.1 Clarify the community systems and de minis extractor are not subject to pumping fees 
 
 
 
Water Quality Comments received from: CWC 
Response to these comments are provided in Master Response 4 

Comment # GSP 
Reference Review Comment Summary* 

E.30 3.3 Clearly and transparently describe the basis for water quality sustainable management criteria. 

E.31 3.5.1.3 Clarify what is intended by methodology for developing MTs/MOs and explain how ever-increasing water quality concentrations 
are sustainable and protective of beneficial users and uses, including domestic well owners and small community water systems. 

E.32 3.4 Revise the MTs for groundwater quality to be any degradation above MCL; If under MCL, a degradation of more than 25%, or 
approaching 75% of the MCL; if over MCL, any further degradation. 

E.33 3.5.2.5 Revise the draft GSP to explain how the proposed SMCs will be protective of drinking water users located in agricultural areas, 
specifically rural residential domestic well users. 

E.35 3.5.1.3.1 Provide an analysis of water quality data in the GSA to describe how the contaminants of concern (COC) list was determined and 
explain which contaminants were not included. 

E.36 TSS - 2.1.7.4 Revise the draft GSP to include a more comprehensive discussion of water quality related to the two National Priority List sites, 
including those issues that may impact drinking water beneficial users, including DACs. 

E.37 TSS - 2.1.7.4 Revise the draft GSP to fully consider all available water quality data in its analysis of groundwater conditions and the 
hydrogeologic conceptual model. 

E.38 TSS - 2.1.7.4 
Revise the draft GSP to include specific discussions of the water quality conditions and trends for applicable constituents and 
uses and include an evaluation of the change in water quality constituent concentrations relative to change in water levels, 
particularly over drought periods, to evaluate the potential relationship between water quality and groundwater management 
activities. 

E.39 TSS - 2.1.7.4 Revise the draft GSP to have an analysis and discussion of the spatial relationship between the presence of the Corcoran Clay 
and arsenic concentrations in the GSP. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
Page 7 of 12 

Water Quality Comments received from: CWC 
Response to these comments are provided in Master Response 4 

Comment # GSP 
Reference Review Comment Summary* 

E.40 Tb. 3-5; Tb.3-
9 

Revise Tables 3-5 and 3-9 of the draft GSP to use the proper units for conductivity which are micro Siemens per centimeter 
(μS/cm). 

E.42 3.5.1.3; 
3.5.2.3 Revise the GSP to establish MOs and MTs for conductivity for the two-water system CCR RMS. 

E.43 5.2 
Consider working with local and regional water agencies or the county to implement groundwater quality remediation projects that 
could improve both quality as well as levels and to ensure groundwater management does not cause further degradation of 
groundwater quality. 

E.44 3.5.1.3 Provide an explanation of whether and how the CCR data are representative of groundwater conditions. 

E.45 4.2.3 Evaluate and demonstrate how the proposed water quality monitoring network is sufficient to monitor for impacts to domestic well 
users in the PixID GSA area and expand the monitoring network to address these gaps. 

E.46 4.2.3.4 Revise the draft GSP to consistently identify the number and location of the water quality RMS within the PixID GSA area. 

E.48 4.2.2.3 
Revise the draft GSP to clarify and correct inconsistencies between the GSP and the Tule Subbasin Monitoring Plan, include a 
clear description of the monitoring schedule for all COCs identified in the GSPs, and revise the monitoring schedule to sample all 
COC for each RMS at least annually. 

E.49 3.5.1.3 Clarify how the PixID GSA intends to establish SMCs for RMS not identified as specific wells. 
E.50 3.4 Clarify how URs will be evaluated within the PixID GSA area given that there are several non-well RMS. 
E.51 3.5.1.3 Clarify which form of nitrogen will be monitored for purposes of compliance with the SMCs. 
E.52 4.2.3.4 Develop long-term access agreements for RMWs owners and operators and identify who the owners are. 
E.53 4.2.2.3 Clarify how pH will be measured. 

E.54 3.5.1.3 Clarify how much data will be considered sufficient for the purposes of calculating the 10-yer baseline and describe what 
methodology will be used if baseline values are incorrect. 

E.55 3.5.1.3 Clarify how the GSA plans to align groundwater monitoring efforts and the sustainable management criteria with any emerging 
contaminants of concern and new MCLs. 

E.60 5.2.4 
Revise P&MAs to include all details required by required by 23 CCR § 354.44 and explicitly describe how such risks to water 
quality will be evaluated and monitored as a part of the development of the specific recharge projects. As future specific projects 
are developed, the details should be clearly communicated to the public through an active stakeholder outreach and 
communication process that proactively seeks to include members of DACs. 

E.62 5.2 Assess the impacts and identify the benefits of the water supply augmentation projects near DACs and small water systems. 
E.63 5.2.4 Develop criteria for recharge projects that prevent unintended impacts to drinking water. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Public Participation Comments received from:  CWC 
Response to these comments are provided in Master Response 5 

Comment # GSP 
Reference Review Comment Summary* 

E.2 1.5.4.4 Properly notice all public meetings, including the Groundwater Planning Commission, and send out both agendas and all meeting 
materials within 72 hours of the proposed meeting. 

E.3 1.5.4.2 Ensure there is a public comment period at minimum at the beginning of all public meetings. 
E.4 1.5.4.4 Properly notice the release of all-important materials, including revisions to the GSP, and share with all interested parties. 

E.5 General Structure documents in ways that are easier for the public to review and interpret and ensure that any inconsistencies between 
documents are revised. 

E.6 1.5.4.4 Engage domestic well owners and the small community water systems by offering presentations and holding community meetings 
to share information about the GSP development process and solicit feedback from key beneficial users of groundwater. 

E.7 1.5.4.4 Host GSP workshops and public outreach meetings in the evening so community members are able to attend. 
E.8 1.5.4.4 Utilize existing community venues for community meetings, workshops and events to provide information. 
E.9 1.5.4.4 Identify community social media (Facebook, Instagram, etc.) groups, pages and websites and post information. 

E.10 1.5.4.4 Identify, and work with key community leaders /trusted messengers to distribute information and encourage community 
participation. 

E.11 1.5.4.4 
Provide bilingual (English and Spanish) information and materials on the website, via email and consider inserting short notices 
(notices must include key messages, visuals and information that is relevant to the average water user) in water bills and/or 
community newsletters. 

E.12 General Partner with other educational programs to leverage resources and explore opportunities to educate different generational groups. 
 
 
 
 
 
 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Land Use (Future Growth) Comments received from: TC 
Response to these comments are provided in Master Response 6 

Comment # GSP 
Reference Review Comment Summary* 

J.1 1.4.12 Tulare County maintains land use and zoning authority in LAFCo designated PUD and CSD through administration of the County 
general plan, zoning ordinance, and ordinance code. 

J.3 1.4.8 Address impact to domestic wells. 
J.4 Figure 1-7 Consider rural domestic wells when discussing groundwater dependent communities. 

J.5 1.4.12 Reference updated Community Plans. Add additional Tulare County General Plan and Regional Planning Framework to exhibits. 
Include addition applicable list of water resources policies. 

J.9 2 Anticipated growth of communities needs to be recognized through 2070. 
J.17 5.2.6 How will growth be recognized and what is the County's role for municipal management areas? 

 
 
 
Water Budget Comments received from: AEWSD-SWID-GSI, CWC, HFS, TC, WGIM 
Response to these comments are provided in Master Response 7 

Comment # GSP 
Reference Review Comment Summary* 

A.20 2.4.2.4 Overdraft in the subbasin was defined based on averaged hydrology from the years 1990/91 through 2009/10. The average 
condition between 1990/91 and 2009/10 might not be representative of the long-term average condition. 

E.14 
2.4.2.4; TSS - 
2.3.2.4; TSCA 

- 3.6 
Clarify which values for average annual historical overdraft were used and clarify why the three different documents (GSP, 
Coordination Agreement, Tule Subbasin Setting) have used different values. 

E.15 TSCA - 3.7  
Clarify the methods used to develop the historical water budget and the groundwater flow model-projected water budget and if 
the methods are different, describe how the two methods relate to each other in terms of common assumptions, uncertainties, 
and inherent differences. 

E.16 TSS - 
2.3.1.1.4 

Revise the draft GSP to include summary information on land use and crop evapotranspiration information and detail how the 
irrigation efficiency value was determined over the various model time periods so that the validity of the crop demand can be 
assessed. 

E.18 TSS - 
2.3.2.1.9 

Revise the draft GSP to include a more detailed discussion of how subsurface flow was determined and the level of uncertainty 
inherent in its estimation. 

E.19 TSS - 
2.3.2.2.1 

Revise the projected water budget to include an estimated increase in municipal pumping or include a justification for maintaining 
the municipal pumping at a constant rate. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Water Budget Comments received from: AEWSD-SWID-GSI, CWC, HFS, TC, WGIM 
Response to these comments are provided in Master Response 7 

Comment # GSP 
Reference Review Comment Summary* 

E.20 2 Revise the draft GSP to include information on the range of model inputs that were used in evaluating the uncertainty of the 
projected water budget. 

E.21 TSS - 2.3.2.3 
Revise the draft GSP to clearly and consistently define and describe the sustainable yield estimates and allocation methods 
within the subbasin and within the LTRID GSA. Include a description of how the sustainable yield value and the allocation 
method will affect municipal and rural groundwater drinking water users in the LTRID GSA area. 

E.58 5.2.1 
Revise P&MAs to clarify whether a reduction in groundwater pumping will be implemented and by how much. If groundwater is 
estimated to increase, describe how this contributes to reaching groundwater sustainability given the severely overdraft 
conditions of the subbasin. 

E.59 Tb. 2-7; Tb. 5-
1; TSS - Tb. 4  Revise the draft GSP to clarify inconsistencies between the P&MA section and the Tule Subbasin Setting. 

G.1 2.4.2.6 Clarify Sustainable Yield calculation for the water budget and landowner allocations. 

J.2 1.4.6 Limiting groundwater extractions may affect the ability of urban and ag users to meet existing demands or expand urban 
municipal services. 

J.6 TSS - App A - 
Tb. 3b 

The projected water budgets need to reflect increased rates of groundwater pumping reflecting of 1.3% growth rate of the 
communities annually 

J.8 2.4.1.1.5 Instead of stating average municipal usage current usage should be stated. 
K.1 2.4.2.6 Clarify Sustainable Yield calculation for the water budget and landowner allocations. 

E.19 TSS - 
2.3.2.2.1 

Revise the projected water budget to include an estimated increase in municipal pumping or include a justification for maintaining 
the municipal pumping at a constant rate. 

E.20 2 Revise the draft GSP to include information on the range of model inputs that were used in evaluating the uncertainty of the 
projected water budget. 

E.21 TSS - 2.3.2.3 
Revise the draft GSP to clearly and consistently define and describe the sustainable yield estimates and allocation methods 
within the subbasin and within the LTRID GSA. Include a description of how the sustainable yield value and the allocation 
method will affect municipal and rural groundwater drinking water users in the LTRID GSA area. 

 
 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Generalized Comments Comments received from: AEWSD-SWID-GSI, CWC, HFS, TCFB, TC, WGIM 
Response to these comments are provided in Master Response 8 

Comment # GSP 
Reference Review Comment Summary* 

A.15 3 Model uncertainties and margin of error should be incorporated into subsidence related SMC. 

E.27 3 Identify the SMCs set by the Tri-County Water Authority (TCWA) GSA in the northwest corner of PID GSA and include a 
discussion of how the TCWA SMCs will affect water levels within the PID GSA. 

E.61 5.2.5 Revise Section 5.2.5 to include details on the planned fallowing and describe how this project was factored into the groundwater 
flow model, water budget and planned transitional pumping projections. 

G.2 General Allocation methodology should be consistent with various legal consideration. 
G.3 General Allow for stakeholder input on allocation methodology and utilize historical pumping data to determine such allocations. 
G.4 General Promote a open market with limited restrictions on transferability of groundwater credits. 
G.5 General GSA's to develop quality assurance process for ET consumptive use calculations. 

I.1 General GSPs should remain adaptive documents to maximize water resources for farm and rural communities impacted by the GSP 
implementation. 

I.2 General Avoid exportation of local water resources. 
I.3 General Water markets should be developed carefully. 
I.4 General Land fallowing and retirement should be avoided at all cost. 
I.5 General GSAs should incentivize landowner recharge. 
I.6 General Increase importations of water resources. 
I.7 General GSAs should prevent management changes. 
I.8 General GSAs should prevent the idling farmland. 
I.9 General GSAs should promote public outreach. 

J.11 5 Include statement "maintain groundwater supplies and quality for domestic and municipal users". Also, there is concern with the 
economic implications of diminished ag operations. 

J.12 5.2.1 The County does not want GSAs to cap municipal water use. 
J.15 5 Provide clarification on how mitigation to impacted domestic and small system well will be addressed. 

K.2 General GSA to use best available data when applying pumping restrictions. Sustainable Yield allocations and pumping allowances 
should be consistent across the entire subbasin. 



 

* Review comments have been grouped by similar topic and summarized. For full text of comment, see respective comment letter as noted. 
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Generalized Comments Comments received from: AEWSD-SWID-GSI, CWC, HFS, TCFB, TC, WGIM 
Response to these comments are provided in Master Response 8 

Comment # GSP 
Reference Review Comment Summary* 

K.3 General Sustainable Yield allocations, initial pumping allowances and ramp down schedules should be consistent across the entire 
subbasin. 

K.4 General GSAs should implement a coordinated subbasin wide DMS and measurement methodology. 
K.5 General GSA's to develop quality assurance process for ET consumptive use calculations. 

 
 



MASTER RESPONSES TO COMMENTS RECIVED BY PIXLEY IRRIGATION DISTRICT GSA 
(PIXIDGSA) 

The following Master Responses have been prepared by staff for consideration by the 
Governing Board of the PIXIDGSA.  The numbered responses correspond to the topics identified 
on the attached Table of Comments Received: 

1. SUBSIDENCE/INFRASTRUCTURE IMPACTS
a. COMMENTORS:

Friant Water Authority, Arvin-Edison Water Storage District, Shafter-Wasco
Irrigation District, United States Department of the Interior – Bureau of
Reclamation, Lindsay-Strathmore Irrigation District.

b. COMMENT SUMMARY:
A number of comments were received on the topic of land subsidence and
related impacts to infrastructure including the Friant Kern Canal (FKC),
expressing concern that continued FKC subsidence will negatively impact other
FKC users and was not adequately described in the GSP, and suggesting that the
minimum thresholds for land subsidence established in the GSP should be set
lower.

c. MASTER RESPONSE:
The undesirable results associated with subsidence that impacts major
infrastructure such as the FKC is described in detail in the GSP itself, as well as in
the Coordination Agreement between the GSAs in the Tule Subbasin, and in
supporting technical reports.  As has been shown in numerous studies, land
subsidence is a gradual process that takes time to develop and time to halt.
Subsidence impacts from groundwater pumping that have already occurred may
continue for years.  The minimum thresholds identified in the GSP, which were
adopted in consultation with the other GSAs subject to the Tule Subbasin
Coordination Agreement, must take into consideration future subsidence
caused by groundwater pumping that has already occurred, along with
proposed future actions.  Based on existing information available to the GSA and
information provided in the comment letters , the pumping by irrigators within
the GSA has not been identified as the primary cause of the FKC subsidence, and
much of the subsidence has occurred due to groundwater pumping outside the
GSA boundaries.  The GSP includes a number of actions to reduce undesirable
results within the GSA’s boundaries, but cannot control actions that occur
outside GSA boundaries or reverse groundwater pumping that has already
occurred.  By reference to the Coordination Agreement and the technical data
related to that Agreement, the GSA believes that there has been adequate
description of the subsidence issues related to critical infrastructure, including
specifically the FKC.



Regarding the monitoring sites (RMS) and measureable objectives and minimum 
threshholds selected for the Subsidence Indicator, the GSA notes that 
subsidence impacts to critical infrastructure, including the FKC, are still in the 
process of being understood and quantified.  At the same time the GSA 
acknowledges that site-specific monitoring locations as well as higher sensitivity 
minimum threshholds may be warranted in specific areas, which may in the 
future warrant consideration of establishment of management areas for these 
regions.  The GSA governing board may consider additional language to address 
this concern be added to the GSP (See staff recommendations below.) 
 
Regarding specific mitigation measures or payments for FKC repairs, the GSP 
identified, in general, that transitional pumping fees and penalties for excessive 
water usage would be used to mitigate impacts caused by groundwater 
pumping above the sustainable yield of the Tule Subbasin.  As identified in the 
GSP, these fees will be adopted during the planning period.  The GSA may 
consider adding additional provisions of the GSP to specify that it is likely that at 
least a portion of those fees will be used for mitigating impacts to critical 
infrastructure, and that the FKC is a likely focus of any contribution of fees for 
mitigation purposes (See staff recommendations below).  
 
Several comments were received noting that the GSP’s description of a 
transitional pumping plan to reduce groundwater pumping over time could 
potentially allow for pumping levels above current levels if each acre within the 
GSA utilized the full amount of transitional pumping.  The GSP is identifying, in 
general terms, the transitional pumping plan that will be applied between 2020-
2040, and the general description of the plan includes accounting for the 
pumping levels throughout the GSA and calling for a general reduction in use.  
Specific rules for the transitional pumping will be adopted under the GSP and 
these rules will be drafted to ensure that that overall pumping levels will not 
increase under transitional pumping.  Transitional pumping is intended to allow 
for the reduction of groundwater pumping gradually; it is not intended to allow 
an increase in groundwater pumping.  
 

d. STAFF RECOMMENDATIONS 
Staff recommends that additional language could be added to the following 
sections of the GSP: 
 

Recommendation 1.a. End of Section 3.5.1.4.2 (Measureable Objectives and 
Interim Milestones/Land Subsidence/Process for Determining Measurable 
Obectives and Interim Milestones):  



 
“In response to concern about subsidence-related damage specifically to the 
Friant-Kern Canal (“FKC”), it has been suggested that monitoring sites and 
higher sensitivity Minimum Thresholds should be established for areas in close 
proximity to the FKC.  In concept, the development of a defined FKC subsidence 
management area within the Tule Subbasin, with specific minimum thresholds 
and management actions for that management area, may be appropriate for 
some portions of the GSA.  However, this is an action that the GSA Board, as well 
as the governing boards of other GSAs within the Tule Subbasin, will consider in 
the future as regionalized subsidence impacts are better understood through 
future monitoring and analysis.” 
 

Recommendation 1.b. End of Section 5.2.1. (Management Actions/Agency 
Groundwater Accounting Action):  

  
“The GSA recognizes that the Friant Kern Canal (“FKC”) is among the most 
important critical infrastructure features that has been and will continue to be 
affected by subsidence.  Along with the other GSA’s in the Tule Subbasin, the 
PIXIDGSA has been part of the discussions on finding solutions to mitigate for 
future FKC subsidence. The relationship between groundwater use specifically 
within the GSA’s planning area and subsidence of the FKC is still being studied 
and developed at the Subbasin level.  As the FKC subsidence mitigation issues, 
and the relative impact of groundwater use as amongst the various regions of 
the Subbasin, become better defined, the GSA may consider adopting a specific 
policy that calls for the use of a reasonable portion of the transitional pumping 
fees, or other GSA related fees, for mitigation of future FKC subsidence.  At this 
time, however, any mitigation program is too speculative to be defined 
specifically in the GSP.  In concept, the development of a defined FKC subsidence 
management area within the Tule Subbasin, with specific minimum thresholds 
and management actions for that management area, is an action for future 
consideration by the GSA Board and by the governing boards of other GSAs 
within the Tule Subbasin.” 
 
 

2. ENVIRONMENTAL/GROUNDWATER DEPENDENT ECOSYSTEMS 
a. COMMENTORS: 

Audubon California / Community Water Center / The Nature Conservancy (joint 
letter); California Department of Fish and Wildlife; The Nature Conservancy 
(individual letter) 
 
 



b. SUMMARY OF COMMENTS: 
Several commenters suggested that the GSP did not utilize statewide data 
sources for identifying Groundwater Dependent Ecosystems (GDEs), and 
requested the GSP provide additional information concerning GDEs.   

c. MASTER RESPONSE: 
The term Groundwater Dependent Ecosystems has been specifically defined at 
23 CCR § 351(m) to mean “ecological communities or species that depend on 
groundwater emerging from aquifers or on groundwater occurring near the 
ground surface.”   The report prepared by the Tule Subbasin GSAs, the Tule 
Subbasin Settings referenced in section 2.3.6 of the GSP and attached to and 
incorporated into the GSP, found no interconnected surface water systems in 
the Tule Subbasin.  Based on the data collected as part of the Tule Subbasin 
Setting no areas of surface water were found that meet the above definition.   
 
Section 2.3.7 of the GSP, again referencing the Tule Subbasin Settings, found no 
GDEs based on a review of the the CDWR Groundwater Dependent Ecosystems 
database and the applicable depth to groundwater maps, although noting that 
such systems may be found in upstream areas of surface water streams.  There 
may be areas where GDEs could exist due to seasonal variations, water year 
types, or areas where the type of soil allows slow percolation of surface waters 
or a perched level of groundwater, but such areas have not yet been identified 
from available data sources.  Based on existing studies, and the nature of the 
groundwater basin as being clearly detached from any surface water ecological 
assets, it is not likely that any GDEs meeting the statutory definition exist (as 
noted in section 1.4.8.1 of the GSP). 
  
The GSA will continue to address any emerging data.  As the planned monitoring 
network is implemented and additional monitoring stations are installed and 
additional data is collected, particularly in areas near surface water, this analysis 
will be updated as data is collected.  The potential for short term connectivity 
due to variations in water year types during different seasons of the year or due 
to types of soil will be studied.  If interconnected surface waters or GDEs are 
identified, then the GSP will be updated to reflect how the identified sustainable 
management criteria will impact these areas.   
 
Until there has been any new information that establishes the likelihood of the 
existence of any GDEs within the GSA planning area, additional information 
concerning the identification of conservation areas and public trust lands, as 
suggested by the comments received, is not warranted.   If the GSA learns of the 
existence of areas that meet the regulatory definition of GDEs, then it will 



consider the list of freshwater species provided by The Nature Conservancy, and 
determine the appropriate measurable objectives and minimum thresholds  
 
Commenters on this topic noted the Pixley National Wildlife Refuge (PNWR) and 
planning actions in the GSP.  The GSA notes that areas considered GDEs as 
defined in regulation (for which consideration must be made in a GSP) are 
distinguishable from ecological management areas that utilize pumped 
groundwater but do not have a naturally occurring surface-water-to 
groundwater connection as required to meet the regulatory definition.  For 
example, PNWR is wholly located within the Pixley ID GSA planning area, utilizes 
groundwater pumped from deep-aquifer wells, but does not otherwise have a 
connection to groundwater and accordingly does not meet the regulatory 
definition and is not included on statewide databases identifying GDEs.  Instead 
of being considered a GDE, this land use is considered any overlying 
groundwater user, and therefore will be required to adhere to the same 
accounting action items that other groundwater pumpers will be required to 
adhere to (as described in Section 5.2 of the GSP).   
 
The GSA further notes that PNWR will have an obligation to more fully utlize its 
available surface water than it has in the past in order to adhere to the 
groundwater accounting requirements as described in Chapter 5.2 of the GSP.  
The Central Valley Project Improvement Act (1992, the “CVPIA”) provided 1,280 
a/f Level 2 supply for the PNWR which could be accessed by delivery from 
Millerton.  CVPIA also provided for 4,720 a/f Level 4 for the PNWR. That supply 
could be delivered to the refuge through purchases and banking programs 
managed by FWS.  There is no basis for allocating groundwater to PNWR in lieu 
of or as an element of his Level 2 or Level 4 supply, as one commenter 
suggested. 
 
The Conveyance Refuge Water Supply EA/IS & ROD identified an alternative that 
would involve an in-lieu groundwater exchange between PID and the Pixley 
NWR. Under the exchange proposal, the Pixley GSA would decrease their annual 
pumping by 6,000 ac-ft and receive an equivalent amount of surface water from 
the Friant-Kern Canal through existing district facilities. This 6,000 ac-ft of 
surface water would be the water used to supply the refuge with CVPIA Level 2 
and Level 4. Six new deep aquifer groundwater wells have been installed on the 
refuge and could be used to provide the full Level 2 & 4 demand of 6,000 ac-ft. 
The net change in annual withdrawals from the deep aquifer would be zero if 
the FWS provided the Level 2 and Level 4 water to the Pixley GSA. This program 
would be a benefit to the environmental use of water in the Pixley GSA.  
 



d. STAFF RECOMMENDATIONS 
Recommendation 2.a. Staff recommends that the GSA governing board 
consider adding all or a portion of the above response as additional text in the 
GSP at the end of Section 1.4.8.1 (GSA Plan Area/Communities Dependent on 
Groundwater/Potentially Groundwater Dependent Ecosystems). 
 

3. BENEFICIAL USER IDENTIFICATION - PUBLIC WATER SYSTEMS/DOMESTIC WELLS 
a. COMMENTORS:  

AC-CWC-TNC, CWC, TC, WPUD 
b. SUMMARY OF COMMENTS: 

Commenters assert that the GSP does not adequately describe public drinking 
water systems or Disadvantaged Communties, does not identify domestic water 
users or domestic well identification and quality tracking data, and does not 
identify how an adequate groundwater supply will be ensured for public water 
systems and domestic water users or future growth of those systems. 

c. MASTER RESPONSE: 
Regarding the assertion that public drinking water systems have not been 
adequately identified or included in the planning process, these comments 
ignore the fact that the PixIDGSA formed under cooperative agreements with 
the only public water systems and Disadvantaged Communtities that exist 
within the GSA’s planning area.  Accordingly, the public water systems and DACs 
have been specifically identified from the outset of the planning process, and 
the DAC representatives have participated in every aspect of the GSP review 
process from the outset of GSP development.  These representatives have had 
the opportunity to suggest specific monitoring steps, measurable objective 
criteria and management actions, but did not in fact offer any.  
 
As described in the GSP (in particular Section 1.4.3.2), the agreements with the 
PUD/CSDs within the GSA boundaries (copies of signed agreements attached to 
the draft GSP as Appendix 1-B provide extensive detail on how the GSA has 
engaged, and will continue to engage, with the PUD/CSDs under SGMA.  Some 
of the specific provisions of these agreements include:  

o PUD/CSDs agreed not to form a GSA over its jurisdictional boundaries of 
the GSA and agreed to be included within the boundaries of the GSA  

o Sections 5-7 of the MOUs between the Special Districts and the GSA 
provide for various terms related to accounting for PUD/CSD water use, 
and potential treatment of the PUD/CSD as a separate management 
area. 

o Sections 9-10 of the MOUs provide the PUD/CSDs with various means for 
participation in the preparation of the GSP, which is intended to ensure 



that water supply planning for their areas is adequately provided for in 
the GSP. 

o Section 11 of the MOUs provide the PUD/CSDs with the ability to 
withdraw from the Agreements and constitute their own GSAs, either 
individually or in combination with other agencies, a provision that is 
intended to protect the ability of the PUD/CSDs to manage its own 
groundwater supply planning in the event that any of them are not 
satisfied with the protections provided in the GSP prepared by the 
Irrigation District GSA. 

These provisions will be implemented through the Groundwater Accounting 
system described in Section 5.2.1 of the GSP.  Draft policies implementing this 
provision of the GSP have been drafted with input from the PUD/CSDs, and will  
be adopted following final adoption of the GSP.  These policies essentially 
provide that the PUD/CSDs are able to operate according to historic averages 
without incurring any additional fees or costs, while providing a mechanism to 
allow for growth through the payment of fees for exceedance of historic 
pumping amounts.  No additional or clarifying text to the GSP will is being 
recommended. 

Regarding individual domestic connections, the GSA acknowledges that 
domestic well data represents a data gap that will be addressed moving 
forward, and is recommending additional GSP text to address this.  
 

d. STAFF RECOMMENDATIONS 
Recommendation 3.a. Staff recommends that the GSA governing board 
consider adding the following text to end of Section 3.5.1.3.1 (Measureable 
Objectives and Interim Milestones/Groundwater Quality/Process for 
Determining Measurable Obectives and Interim Milestones). 
 
The GSA acknowledges a gap in data related to individual domestic well water 
locations, elevations and water quality.  The GSA will address this gap in 
coordination with Tulare County, to the extent it is not addressed by other water 
quality monitoring programs that are being coordinated with this GSP.  Although 
the GSA cannot assume responsibility for failure of individual wells, the GSA may 
consider additional management actions beyond those identified in Section 5 of 
this GSP if specific data is developed that identifies domestic wells that go dry 
due to the lowering of groundwater levels during plan implementation.  Any 
such action should be in coordination with Tulare County, including the potential 
for the continuation by the County of existing programs for drought mitigation 
assistance implemented during the last major drought. 

 



 
 

4. WATER QUALITY - DISADVANTAGED COMMUNITIES (DACS) 
a. COMMENTORS:  

Community Water Center 
b. SUMMARY OF COMMENTS: 

One commenter asserts that the GSP does not provide sufficient monitoring for 
water quality purposes, and does not establish sufficient measurable objectives 
and minimum thresholds related to groundwater quality that are specifically 
applicable to public drinking water systems and domestic water users.  The 
commenter also asserted that the GSP does not provide sufficient protections 
against water quality problems that may be identified through existing or 
additional monitoring. 

c. MASTER RESPONSE: 
As a general proposition, the GSP recognizes the importance of protecting 
drinking water quality but also recognizes that water quality is already currently 
being addressed through a variety of programs and by numerous agencies with 
the authority and responsibility to specifically manage water quality.  The GSA 
desires to coordinate with these agencies that have existing water quality 
regulations to avoid duplication of efforts and to utilize limited resources.  To 
the extent the commenters suggest that greater water quality monitoring and 
protective actions should be provided for in the GSP, the GSA responds that 
such monitoring and protections, outside the context of existing water quality 
regulations and monitoring efforts, would be duplicative and outside the 
requirements that SGMA establishes for GSPs. 
 
Consistent with our agreements with existing identified DACs, the GSA has 
established broad water quality minimum thresholds and measurable 
objectives, utilizing existing water quality monitoring programs.  As noted in the 
prior master comment response, the PUD/CSDs that are cooperating with the 
GSA in the development of this GSP had the opportunity to propose their own 
management area, with distinct  minimum thresholds and measurable 
objectives, as the commenters have suggested.  Specifically as noted in Section 
1.4.3.2 of the GSP, the agreements with PUD/CSDs feature the following 
provisions: 

o PUD/CSDs have the opportunity to request a separate management 
area, with distinct minimum thresholds and measurable objectives to 
meet the sustainable management requirements.  If they so elect, the 
PUD/CSDs will define the minimum thresholds and measurable 
objections that will apply within the PUD jurisdictional boundaries, in 
conformance with state law. 



o The PUD/CSDs  agreed that if they do not elect to become a separate 
management area or if the proposed thresholds and objectives do not 
meet state legal requirements, then the GSA will prepare thresholds and 
measurable objectives needed to comply with state law and the 
PUD/CSDs will agree to implement them as necessary to meet the 
sustainable groundwater management requirements or until the PUD as 
a separate management area proposes thresholds and objectives that 
meet state requirements 

 
None of the PUD/CSDs elected to propose a management area, nor have they 
proposed minimum thresholds or measurable objetives to be applied in their 
areas that are different or distinct from the remainder of the GSA planning area.  
The GSA will revisit this issue if and when the PUD/CSD representatives identify 
a need or desire for a separate management area, under the terms of the 
cooperative agreements.  Staff will be recommending that these provisions be 
highlighted in the text of the GSP as a response to the comments received. 
 
Regarding the comments suggesting that the GSA should be collecting data from 
the public water systems and individual domestic water users, the GSA has in 
fact been planning on collecting such data, and staff will recommend that 
additional text be added to the GSP to recognize this.   
 

d. STAFF RECOMMENDATIONS 
Recommendation 4.a. Staff recommends that the GSA governing board 
consider adding the following text to end of Section 3.5.1.3.1 (Measureable 
Objectives and Interim Milestones/Groundwater Quality/Process for 
Determining Measurable Obectives and Interim Milestones). 
 

Under the terms of the cooperative agreements with the PUD/CSDs, those 
agencies have an ongoing opportunity propose minimum thresholds for 
additional constituents and determine whether additional changes to the 
monitoring network should be made to address water quality issues.  The GSA 
will consider such proposals when made.   
 
In addition, the GSA will seek to collect data from the public water systems as 
part of monitoring efforts.  The collected data will reflect what these public water 
systems report to existing regulatory agencies to determine if existing regulatory 
requirements are being met and to determine if specific management actions 
would be warranted by the GSA under its authority to manage groundwater.  The 
GSA will be monitoring and coordinating these items to determine if groundwater 



pumping activities are contributing to undesirable effects related to degraded 
water quality.   

 
5. PUBLIC PARTICIPATION 

a. COMMENTORS:  
Audubon California / Community Water Center / The Nature Conservancy (joint 
letter), Community Water Center (individual letter), Woodville Public Utility 
District 

b. SUMMARY OF COMMENTS: 
Commenters asserted that public comment was not sufficiently invited or that 
public noticing requirements were not met. 

c. MASTER RESPONSE: 
The GSA complied with all applicable statutory notice requirements in releasing 
the GSP.  In addition, the GSA formed a Groundwater Planning Commission 
specifically for the purpose of expanding public participation.  This step is not 
required by SGMA, and provides a higher degree of public participation than 
that provided by the majority of other GSAs. 
 
In addition, the GSP includes a detailed description of public meetings that were 
held in the planning process for the basin wide coordination agreement, which 
included all CSDs and PUDs in the current GSA service boundaries.  As part of 
GSA formation, the irrigation district reached agreements with the CSD and PUD 
within its proposed boundaries to discuss rights and duties.  The MOUs specified 
that the CSD and PUD could select their own representative to the Groundwater 
Planning Commission, the advisory board for the GSA.  Notice of the 
Groundwater Planning Commission meetings and Irrigation District Board of 
Director meetings were sent to the CSDs and PUDs for distribution to their 
customers.   
 
All of the multitude meetings held over the past two years have been open to 
the public and conducted in a manner than encouraged public participation.  
Although many meetings may not have had a segmented portion of the meeting 
devoted to public comment, where no such segmented portion was provided, 
public comment was instead invited and encouraged throughout the entire 
meeting, and members of the public were never discouraged from offering 
comments.  In fact, one of the commenters on this topic was a frequent public 
commenter during these unsegmented comment opportunities.  
 
Staff will not be recommending any additional GSP text in response to these 
comments. 
 



d. STAFF RECOMMENDATIONS 
NA 
 

6. LAND USE (FUTURE GROWTH) – TULARE COUNTY/DACS 
a. COMMENTORS:  

County of Tulare 
b. SUMMARY OF COMMENTS: 

The County of Tulare requested various clarifications regarding County and 
LAFCO authority over land use and growth issues related to or impacted by 
groundwater use and groundwater planning.   

c. MASTER RESPONSE: 
The comments received from the County of Tulare on the topic of land use and 
growth are clarifying in nature.  Section 1.4.12.1 of the GSP adequately 
describes all of the updated plans.  As land use in the identified communities is 
governed by Tulare County and is not directly addressed through the GSP, 
inclusion of a copy of these plans in the GSP is not necessary.  Staff recommends 
clarifying language regarding individual domestic wells, consistent with changes 
recommended in response to other comments. 
 
In addition, the GSA notes that the substantive  land use and growth related 
issues involving public water systems and individual domestic water users will 
be addressed within the Groundwater Accounting System described in Section 
5.2.1 of the GSP, and in the policies to be adopted in furtherance of that section, 
particularly policies related to accounting for municipal water agencies 
groundwater use and planning.  See Master Responses 3 and 4 above. 

d. STAFF RECOMMENDATIONS 
Staff recommends adding the following text to the following GSP sections: 
 
Recommendation 6.a. End of section 1.4.8.2 (GSA Plan Area/Communities 
Dependent Upon Groundwater/Groundwater Dependent Communities) 
 
Groundwater dependent communities may also encompass individual domestic 
wells.  Identification and monitoring of existing domestic water wells is difficult 
due to the lack of existing permitting and tracking information, and will be an 
item of future data development as part of GSP implementation. 
 

7. WATER BUDGETS/TECHNICAL ISSUES 
a. COMMENTORS:  

Arvin-Edison Water Storage District/Shafter-Wasco Irrigation District (joint 
letter) Community Water Center (individual letter), County of Tulare, Hancock 
Farmland Services, Westchester Group Invesetment Management,  



 
 
 

b. SUMMARY OF COMMENTS: 
Commenters suggested or requested clarification and higher degree of 
specificity within the GSP regarding water budget conclusions, including 
sustainable yield determinations and landowner specific allocation 
methodologies. 

c. MASTER RESPONSE: 
Many of the details requested in these comments are provided in various 
analyses included in appendices, in particular the Tule Subbasin Coordination 
Agreement and the studies attached to that Agreement.  Given the complexity 
of those attachments, the GSP itself was drafted in a manner to provide 
sufficient specificity while leaving the finer details to the appendices.  Given that 
the information sought by the commenters can be found in the appendices, no 
changes to the GSP are recommended in response to these comments. 
 
To the extent the comments suggested that landowner-level allocation details 
be provided in the GSP, the GSA notes that these details are more appropriately 
determined in the specific policies to be adopted to implement the 
Groundwater Accounting System action item described in Section 5.2.1 of the 
GSP.  These policies are presently in draft form, and are publicly available for 
review in advance of anticipated approval after January 2020.  This action is 
sufficiently described in the GSP and no additional language is recommended by 
staff to address these comments. 

d. STAFF RECOMMENDATIONS: 
NA. 

8. GENERALIZED COMMENTS 
a. COMMENTORS:  

Multiple 
b. SUMMARY OF COMMENTS: 

See attached Matrix 
c. MASTER RESPONSE: 

These comments are general in nature and as such are not susceptible to 
specific responses. These comments are noted in the attached matrix for 
informational purposes. 

d. STAFF RECOMMENDATIONS: 
NA. 

9. STAFF ADDITIONS/MODIFICATIONS 
9.1 - Clerical/Administrative/Non susbstantive 

a. Summary 



Various formatting, numbering, spelling, grammatical, organizational and other 
administrative corrections. 
 

b. Staff Recommendations 
Recommendation 9.a. 4 Creeks to provide 

 
9.2 – No Authority or Intention to Affect Water Rights – Non-Waiver – Non-Admission 

a. Summary 
During development of the Coordination Agreeent, the collective GSAs within 
the Subbasin agreed to language for the Coordination Agreement to clarify that 
nothing in the water budgets, or the decisions as to how to calculate and divide 
the available Subbasin Sustainable Yield, should be construed as affecting any 
water rights of any landowner or any agency or entity that represents 
landowners (referred to in the Water Code, section 19, as a “Person”).  Staff 
notes that this same intent should apply to the GSP, and to all conclusions and 
management actions called for under the GSP, and recommends that language 
similar to that included in the Coordination Agreement be added to the GSP. 

b. Staff Recommendations 
Recommendation 9.b. Add the following text to the end of section 1.3.3 
(Introduction to GSP/Agency Information/Legal Authority): 
 

It is noted that, consistent with § 10720.5(b) of SGMA, which provides that 
nothing in SGMA or in a plan adopted under SGMA determines or alters surface 
or groundwater rights under common law or any provision of law that 
determines or grants surface water rights, nothing in this Coordination 
Agreement is intended to modify the water rights of any Person (as that term is 
defined under Section 19 of the Water Code) .  The GSA notes that it does not 
have the authority to modify any water rights through adoption of this GSP, nor 
does it intend that any in this GSP be construed as an admission by any Person 
(including without limitation the GSA, the Irrigation District or by any landowner 
or user of groundwater) regarding any subject matter of this GSP, including 
without limitation any water right or priority of any water right that is claimed by 
any Person.   Nor shall this GSP in any way be construed to represent an 
admission by a Person with respect to the subject or sufficiency of another 
Person’s claim to any water or water right or priority or defenses thereto, or to 
establish a standard for the purposes of the determining the respective liability of 
any Person, except to the extent otherwise specified by law.  Nothing in this GSP 
shall be construed as a waiver by any Person of its election to at any time assert a 
legal claim or argument as to water, water right or any subject matter of this GSP 
or defenses thereto. The division of Sustainable Yield among the GSA landowners 
under any Management Action adopted by this GSP does not constitute any 



determination that groundwater extractions by a landowner in excess of a 
budgeted amount would necessarily cause an undesirable result or that 
extractions less than a budgeted amount would necessarily not cause an 
undesirable result.   
 
 The GSA intends, to the fullest extent permitted by law, to preserve the water 
rights of all Persons affected by this GSP as they may exist as of the adoption 
date of the GSP or at any time thereafter.  The GSA further intends that any 
dispute or claim arising out of or in any way related to a water right alleged by a 
Person shall be separately resolved before an appropriate judicial, administrative 
or enforcement body with proper jurisdiction.   
 
 

9.3 – Clarification of Per Acre Division of GSA Sustainable Yield 
a. Summary 

The GSP is based on the assumption that the Subbasin Sustainable Yield will be 
divided at both the Subbasin level (as amongst the GSAs) and the GSA level (as 
amongst landowners) on a per-acre basis.  Though comments were received 
during the public review period on this top, through the public outreach process, 
it has been asserted that a more detailed and landowner-specific process, which 
includes assessment of individualized historic use data, needs to be completed in 
order to allocate available Sustainable Yield in a manner that is consistent with 
groundwater rights.  The GSP does not make a determination of the validity of 
these assertions.  Instead, the calculation of Sustainable Yield for the GSA’s 
portion of the Tule Subbasin under this GSP has been developed with the 
understanding that the determinations being made are for purposes of meeting 
SGMA requirements, and expressly not for the purpose of determining relative 
groundwater rights of landowners.  In particular, the Groundwater Accounting 
System, as described in section 5.2.1, is not intended to constitute a 
determination of water rights.  This understanding is consistent with § 10720.5(b) 
of SGMA, which provides that nothing in SGMA or in a plan adopted under SGMA 
determines or alters surface or groundwater rights under common law.  Any 
determination to divide the Sustainable Yield in any particular manner should not 
be deemed to conclusively determine the water rights of landowners. 
 
Moreover, the GSA, like the other GSAs within the Tule Subbasin, consider that 
the per acrea basis of dividing GSA specific Sustainable Yield quantities 
represents the most readily-available and implementable manner of honoring 
correlative groundwater rights, because it is based on the well-documented 
conclusion that beneficial uses of the lands of the Tule Subbasin are, for the 
most part, uniformly agricultural in nature, and uniform in intensity of 



agricultural use. Furthermore, any individualized assessment that is based on 
historic use, even if it would be legally desirable or required in a legal process 
such as an adjudication, is not capable of being used due to the current state of 
data keeping for the thousands of individual landowners that exist within the 
entire Tule Subbasin.  A decision to use historic use as at least one factor, 
therefore, would delay indefinitely the adoption any meaningful management 
plan under SGMA. 
 
For these reasons, the per-acre division has been used for the purpose of the 
Groundwater Accounting System management action.  At the same time, with 
the collection of additional data, refinements to the allocation or division 
methodologies will be considered in potential future updates, to and including 
the potential use of historic pumping data if such data is both available and is 
agreed to be used as the basis for any further refinement of allocation 
methodologies.  
 
In order to clarify this issue and to acknowledge the potential future availability 
of alternative allocation or division methods, staff recommends adding language 
to the general description section for Management Action 5.2.1 (Agency 
Groundwater Accounting Action). 
 

b. Staff Recommendations 
Recommendation 9.c. Add the following to the end of Section 5.2.1 
(Management Actions/Agency Groundwater Accounting Action/General 
Description): 
 
As noted above, for purposes of creating a water budget pursuant to 23 Cal. Code 
Regs. §354.18, the GSAs in the Tule Subbasin have agreed that, for water budget 
accounting purposes,  the Sustainable Yield for the Subbasin shall be divided 
amongst the GSAs for purposes of development of their GSPs as described in the 
attached water budget.  The basin-wide portion of the Sustainable Yield 
identified in the water budget was divided amongst each GSA by multiplying that 
GSA’s proportionate areal coverage of the Tule Subbasin times the total Subbasin 
Sustainable Yield. 
 
In a similar manner, this Management Action (the creation of a Groundwater 
Accounting System) is intended to implement a division of the sustainable yield 
amongst affected landowners on the basis of a landowner’s proportionate areal 
coverage of the GSA area times that portion of the Subbasin Sustainable Yield 
assigned to the GSA under the Coordination Agreement.  This method of division 



of the GSA’s portion of Subbasin Sustainable yield is  consistent with Irrigation 
District law related to District water supplies in general. 
 
 The water budget to be divided amongst the GSA landowners under this 
Management Action is not an allocation or final determination of any water 
rights (including claimed appropriative or prescriptive rights).  This understanding 
is consistent with § 10720.5(b) of SGMA, which provides that nothing in SGMA or 
in a plan adopted under SGMA determines or alters surface or groundwater 
rights under common law or any provision of law that determines or grants 
surface water rights.  Rather, the use of the proportional acreage basis for 
dividing up the water budget for accounting purposes, will be used because it 
represents the most readily-available and implementable manner of accounting 
for the water budget for GSP purposes at this time, without the need for 
determining specific water rights, which would be controversial and time 
consuming and could not be completed in the time frames applicable to GSP 
development. 
 
Similar to the Subbasin, the GSA will be collecting additional data and will 
consider refining or changing the method of dividing Sustainable Yield for 
internal GSA water budget purposes in future updates, including the potential use 
of historic pumping data if such data is both available and is agreed to be used as 
the basis for division.   
 

9.4 – Clarification of Treatment of Imported Recharged Water 
a. Summary 

In informal discussions amongst GSAs in the Subbasin, some parties suggested 
that the GSPs should uniformly specify that any imported water that is used in 
groundwater recharge or banking projects, or for direct groundwater 
replenishment, should maintain its status as imported water, and therefore fully 
accounted for as an asset of the importing entity.  The GSA agrees with this 
concept, and staff suggests wording be added to the GSP to clarify this. 

b. Staff Recommendation 
Recommendation 9.d. Add the following text to the end of Section 2.4.2.6 (Tule 
Basin Setting/Water Budget/Groundwater Budget/Sustainable Yield): 
 
It should be noted that the GSAs have agreed, and this GSP assumes, that the 
exclusion of water imported by an entity from the calculation of Sustainable Yield 
of the Subbasin applies to imported water that is used for groundwater recharge 
or water banking purposes.  The recharged or banked imported water retains its 
characterization as imported water even after it is used for recharge or banking 



purposes, and therefore is accounted for as being for the benefit of the importing 
entity, and not an addition to Sustainable Yield. 
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