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SCHEDULE / TIMELINE



GSP PREPARATION AND COORDINATION TIMELINE
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Public Review 
and Adoption

Circulation & Review Draft 
GSP and Coordination 

Agreement
Prepare GSP and 

Coordination Agreement

Plan adoption 
and 

implementation

2020
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2018 2019

PRELIMINARY OUTREACH AND COORDINATION SCHEDULE

Key Documents and Deadlines

Anticipated Key Public Meetings and Hearings

Nov. Sustainable Management Criteria Public Meetings

Dec. Board Technical Workshop Dec. Public Hearing for 
Final Draft GSP

Jul. Public Meeting for
Public Draft GSP 

Dec. Final Draft GSP

Jun.-Jul. Public Draft GSP

NFKGSA GSP JAN 2020

Aug. Public Comment Report



KINGS SUBBASIN COORDINATION



KINGS SUB BASIN

 7 GSAS WITHIN 
KINGS SUB BASIN

 EACH GSA IS 
PREPARING IT’S OWN 

GSP

 EACH GSA MUST 
COORDINATE WITH 
OTHER GSAs IN SUB 

BASIN ON GSP

 ENTIRE SUB BASIN 
MUST BE SUSTAINABLE 

BY 2040

The Kings Subbasin is considered “High Priority” and “Critically Overdrafted”



KINGS COORDINATION GROUP EFFORTS
(ON-GOING)

• 7 KINGS GSAs MEET TWICE A MONTH AT FRESNO IRRIGATION DISTRICT’S OFFICE

• VARIOUS TECHNICAL MEMORANDUMS PREPARED AND ARE BEING UPDATED

• OVERDRAFT ESTIMATION FOR EACH GSA (ON-GOING, NEARING COMPLETION)

o CHANGE IN GROUNDWATER STORAGE BEING REVISED

o GROUNDWATER FLOWS – INTERNAL BETWEEN GSAs AND EXTERNAL TO 

ADJACENT SUBBASINS BEING REVISED

• EVALUATED KINGS RIVER SURFACE WATER DIVERSIONS INTO KINGS SUBBASIN, 

SELECTED WY 1998-2010 AS RECENT “TYPICAL” PERIOD
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KINGS BASIN COORDINATION UPDATE

• INITIAL TASKS FOCUSED ON GROUNDWATER STORAGE CHANGE

• GOAL TO REACH AGREEMENT ON INITIAL ESTIMATES OF AMOUNT OF OVERDRAFT 
TO BE CORRECTED, AND RESPONSIBILITY BY GSA 

• MOA FOR DISPUTE RESOLUTION AND GRANT FUNDING ADOPTED OR BEING 
ADOPTED BY EACH GSA 

• GRANT FUNDING CONTRACT – NFKGSA WILL CONTRACT WITH DWR AND HAVE 
SUB-AGREEMENTS WITH OTHER GSAs

• MATCH WAIVER APPROVED

• ELIGIBLE COSTS BACK TO JULY 2017 

• CONSIDERING NEW COORDINATED TASKS

• CONFINED AQUIFER BOUNDARY FLOWS

• DATA MANAGEMENT SYSTEM

• WATER BUDGET



KINGS BASIN COORDINATION
TASK ORDERS

• KINGS COORDINATED EFFORT IS TRYING TO ESTIMATE CURRENT OVERDRAFT
WITHIN KINGS SUB BASIN AND ASSIGN RESPONSIBILITY AMONG GSAs

• TASK 1 - PROJECT COORDINATION AND MEETINGS

• TASK 2 - GROUNDWATER CONDITIONS

• TASK 3 - ESTIMATION OF GROUNDWATER STORAGE (UNCONFINED)

• TASK 4 - GROUNDWATER FLOW ESTIMATES

• TASK 5 - CONFINED AQUIFER BOUNDARY FLOW ESTIMATE    FOR APPROVAL

• TASK 6 - DATA MANAGEMENT SYSTEM    FOR APPROVAL

• TASK 7 - WATER BUDGET    FOR APPROVAL



KINGS BASIN COORDINATION UPDATE

• EVALUATED 5 METHODOLOGY ALTERNATIVES AND ITERATIONS

• REGARDLESS OF METHOD, FOCUS OF GROUP HAS BEEN ON DISCUSSION OF 
HISTORY OF GROUNDWATER FLOWS AND IMPACTS

• SEEKING AGREEMENT AMONG GSAs ON METHODOLOGY, 
ACKNOWLEDGING THE NUMBERS WILL CHANGE



UNCONFINED AQUIFER STORAGE CHANGE



GROUNDWATER ELEVATION CONTOURS
SPRING 1999

UNCONFINED AQUIFER
Preliminary – Subject to Change



GROUNDWATER ELEVATION CONTOURS
SPRING 2011

UNCONFINED AQUIFER
Preliminary – Subject to Change



ESTIMATE OF GROUNDWATER STORAGE



SPECIFIC YIELD VALUES
UNCONFINED AQUIFER STORAGE CHANGE

Preliminary – Subject to Change



ESTIMATE OF NFKGSA UNCONFINED AQUIFER 
GROUNDWATER STORAGE CHANGE 1999-2011

Preliminary – Subject to Change



UNCONFINED AQUIFER STORAGE CHANGE 
SPRING 1999 TO SPRING 2011

Preliminary – Subject to Change



GROUNDWATER BOUNDARY FLOW



BOUNDARY FLOW EXAMPLE - SPRING 2011

Preliminary – Subject to Change



BOUNDARY FLOW ESTIMATES

Preliminary – Subject to Change



WATER BUDGET ALTERNATIVE



CONCEPTUAL WATER BUDGET ALTERNATIVE

• WATER BUDGET CONCEPT FOR ALLOCATING OVERDRAFT RESPONSIBILITY

• WATER DEMAND NOT MET BY SURFACE WATER OR PRECIPITATION MUST BE MET BY 
GROUNDWATER PUMPING

• SURFACE WATER SUPPLY WITHIN NFKGSA ALMOST EXCLUSIVELY KINGS RIVER 

• APPROXIMATELY 22% OF NFKGSA AREA IS OUTSIDE KINGS RIVER SERVICE AREA



KINGS RIVER SURFACE WATER SUPPLY

Preliminary – Subject to Change



NORTH FORK KINGS GSA LAND USE - 2014

Land Use (per DWR) Acres Percent

CITRUS 44 0.03%

COMMERCIAL 71 0.04%

DECIDUOUS FRUIT AND NUTS 49,319 29%

FIELD CROPS 33,330 20%

GRAIN AND HAY CROPS 5,241 3%

IDLE 8,328 5%

INDUSTRIAL 637 0.4%

NATIVE VEGETATION 3,317 2%

NOT LABELED 1,101 1%

PASTURE CROPS 21,036 13%

RESIDENTIAL 1,530 1%

RIPARIAN VEGETATION 7,280 4%

SEMIAGRICULTURAL 6,509 4%

TRUCK, NURSERY AND BERRY CROPS 4,068 2%

URBAN 805 0.5%

URBAN LANDSCAPE 68 0.04%

VINEYARDS 22,626 13%

WATER SURFACES 2,048 1%
YOUNG PERENNIAL 796 0.5%

CROPS SUBTOTAL 142,969 85%

TOTAL 168,154 100%

• Preliminary estimate of annual water demand = 430,000± AF
• Portion of water demand is met by effective precipitation, could 

reduce annual demand for applied water to 350,000± AF
• Land use needs to be verified
• Water demand and effective precipitation to be refined

Preliminary – Subject to Change



CALCULATED WATER DEMAND

Preliminary – Subject to Change



ALTERNATIVES CONSIDERED FOR 
APPORTIONMENT OF STORAGE CHANGE



Notes:
 Alternatives 1 and 2 not 

agreeable because of 
lack of identification of 
cause/contribution

 Doesn’t account for 
groundwater flow

ALTERNATIVES 1 & 2

Preliminary – Subject to Change



Notes:
 Average boundary 

flows for each year 
during period (99-11) 
likely to be used rather 
than just bookends

 Alt 3 ignores historic 
flow patterns

 Alt 4 concern is what 
historic year is correct 
to use, may use 
average of more recent 
years like 1962-64

ALTERNATIVES 3 & 4

Preliminary – Subject to Change



Notes:
 Alt 5 ignores impacts of 

geographic proximity to 
rivers/recharge

 Generalized water 
budget approach still 
leads to debate over 
change in groundwater 
flows, plus numbers will be 
different than in detailed 
water budgets for each 
GSA

ALTERNATIVE 5

Preliminary – Subject to Change



• EVALUATED 5 METHODOLOGY ALTERNATIVES AND ITERATIONS

• GENERAL CONCENSUS SEEMS TO BE NARROWING IN ON ALTERNATIVE 4 AS 
METHOD FOR APPORTIONING RESPONSIBILITY

• STORAGE CHANGE +/- AVERAGE BOUNDARY FLOWS WITH RECOGNITION 
OF HISTORIC BOUNDARY FLOW

• SEEKING AGREEMENT ON METHODOLOGY ACKNOWLEDGING THE NUMBERS 
WILL CHANGE

• GSAs NEED TO AGREE TO METHODOLOGY, SOME WAITING FOR CONFINED 
BOUNDARY FLOW ESTIMATE

ALTERNATIVES SUMMARY



DETAILED WATER BUDGET



WATER BUDGET
REGIONAL COMPONENT (KINGS BASIN – TASK 7)

• COMPARISON OF WATER BUDGET METHODS MEMORANDUM 

• ANALYTICAL MODEL (SPREADSHEET)

• EXISTING KINGS BASIN MODEL

• OTHER NUMERICAL MODEL

• ESTABLISH COMMON CRITERIA / ASSUMPTIONS

• COORDINATION WITH DWR

• MEETINGS

• VERIFICATION OF REQUIREMENTS



WATER BUDGET
LOCAL COMPONENT (NORTH FORK KINGS GSA)

• DATA COLLECTION 

• SPREADSHEET FORM

• AGENCIES PROVIDE SOME DATA, P&P COLLECTS SOME DATA

• P&P WILL COLLECT, ORGANIZE, REVIEW

• WATER BUDGET ANALYSIS

• WATER BUDGET CALIBRATION

• FUTURE SIMULATIONS

• WATER BUDGET REPORT



WATER BUDGET COMPONENTS

• SUMMARIZE ALL WATER SOURCES AND USES

– SOURCES:  SURFACE WATER, PRECIPITATION, GROUNDWATER (ESTIMATE)

– USES:  IRRIGATION, MUNICIPAL, RESIDENTIAL, INDUSTRIAL

• SUMMARIZE HYDROLOGICAL INTERACTIONS

― LAND SURFACE:  GROUNDWATER INTERACTIONS

 GROUNDWATER PUMPING, DEEP PERCOLATION, INTENTIONAL 
RECHARGE, RIVER/CANAL SEEPAGE

― LAND SURFACE:  ATMOSPHERE INTERACTIONS

 PRECIPITATION, EVAPORATION, EVAPOTRANSPIRATION

• CALCULATE CHANGE IN GROUNDWATER STORAGE

― WATER INTO GROUNDWATER SYSTEM MINUS WATER OUT OF 
GROUNDWATER SYSTEM



GSP DEVELOPMENT



GSP DEVELOPMENT UPDATE

GSP Section Current Status Future Work

2- Plan Area Internal Draft Complete.  Provide to Technical Workgroup for 
review, then to Board of Directors.

3.1 - Hydrogeologic Conceptual 
Model

Internal Draft Complete. Provide to Technical Workgroup for 
review, then to Board of Directors.

3.2 – GW Conditions In Progress. Complete draft, then provide to 
Technical Workgroup for review. 

3.3 – Water Budget Researching water budget options Start in July 2018

4 - Sustainable Management 
Criteria

Outline of Requirements, Draft 
criteria for water levels

Develop criteria, define undesirable 
results, set minimum thresholds and 
measurable objectives

5 – Monitoring Network In Progress – work focusing on 
existing well network and 
aquifers being monitored.

Complete draft, then provide to 
Technical Workgroup for review. 

6 – Projects and Actions Not Initiated Summer/Fall 2018

7 – Plan Implementation Not Initiated Late 2018



SUSTAINABLE MANAGEMENT CRITERIA



SUSTAINABLE MANAGEMENT CRITERIA

• SUSTAINABILITY INDICATORS

• SIGNIFICANT & UNREASONABLE – DEFINED USING THE FOLLOWING:

Must be agreed to 
by, and consistent in 

the GSPs of all 
GSAs within basin

• Minimum Thresholds
• Undesirable Results
• Measurable Objectives
• Sustainability Goal

Likely 
addressed 
in this order



SUSTAINABILITY INDICATORS

Reduction 
of GW 
Storage

Seawater 
Intrusion

Degraded 
Water 
Quality, 
Migration of 
Contaminati
on Plumes

Subsidence 
that 
interferes 
with 
surface 
land uses

Depletions 
that impact 
beneficial 
uses of 
surface water

Undesirable
Result 
(Significant &
Unreasonable)

Chronic 
Lowering 
indicating 
significant & 
unreasonable 
depletion

This is what is 
monitored

All Undesirable 
Results

Based on Exceeding 
Minimum Threshold 



RELATIONSHIP BETWEEN SUSTAINABILITY 
INDICATORS AND UNDESIRABLE RESULTS



MINIMUM THRESHOLDS, INTERIM MILESTONES
AND MEASURABLE OBJECTIVES



PATHS TO SUSTAINABLE GROUNDWATER LEVELS

• A & B: IS 
RECOVERY 
REALISTIC GOAL?

• C & D: 
RECOMMENDED   

• F: DWR WILL 
NOT LIKELY 
APPROVE



MEASURABLE OBJECTIVES & MINIMUM THRESHOLDS

 Measurable Objective: 
Must maintain this level, 
on average, over long-
term.

 Minimum threshold: 
Lowest level allowed; 
based on droughts, 
conjunctive use, etc.



ALTERNATIVE C – CONSTANT MITIGATION

• CONSTANT MITIGATION 
LIKELY ACCEPTED BY DWR

• 25% IMPROVEMENT 
EVERY 5 YEARS

• CONSTANT OVERDRAFT 
MITIGATION MAY NOT BE 
PRACTICAL; INITIAL 
PROGRESS MAY TAKE 
SEVERAL YEARS



ALTERNATIVE D – PHASED MITIGATION

• MAY BE MOST PRACTICAL, 
REALISTIC APPROACH

• HIGHER MITIGATION IN LATER 
YEARS

• PHASED MITIGATION NEEDED 
DUE TO POSSIBLE EARLY 
DELAYS IN BUILDING 
PROJECTS (FUNDING, 
PERMITTING, DESIGN) AND 
AVAILABILITY OF FLOOD 
WATER FOR RECHARGE



PRELIMINARY
WATER QUALITY CHARACTERIZATION



PRELIMINARY WATER QUALITY
CHARACTERIZATION

• IN PROCESS OF REVIEWING AVAILABLE WATER QUALITY INFORMATION TO 
DEVELOP BACKGROUND DATA

• PRIMARILY USGS REPORTS AS PART OF GROUNDWATER AMBIENT 
MONITORING ASSESSMENT (GAMA) PROGRAM

• OTHER DATA SOURCES ALSO BEING REVIEWED, INCLUDING SOME PUBLICLY 
AVAILABLE POTABLE WATER SOURCE INFORMATION

• RECENT DATA DESIRED, WITHIN LAST 10-15 YEARS

• SOME DATA IS AVERAGED FROM SEVERAL SAMPLES, OTHER DATA IS 
INDIVIDUAL SPOT SAMPLES – DEPENDS ON DATA SOURCE

• SEPARATING DATA BY SAMPLE DEPTH



PRELIMINARY WQ DATA - DEPTH INFORMATION

Data primarily from USGS
GAMA program 2005-2014



PRELIMINARY WQ DATA – DEPTH REPRESENTATION

Data primarily from USGS
GAMA program 2005-2014



PRELIMINARY WQ DATA – ARSENIC

Data primarily from USGS
GAMA program 2005-2014



PRELIMINARY WQ DATA – BORON

Data primarily from USGS
GAMA program 2005-2014



PRELIMINARY WQ DATA – IRON

Data primarily from USGS
GAMA program 2005-2014



MANAGEMENT AREA CONSIDERATIONS



MANAGEMENT AREAS VS GSA “SUB-AREAS”
SOME GSAs ARE CONSIDERING USE OF “SUB-AREAS”

DWR’S MANAGEMENT AREAS

 DESCRIBED IN DWR REGULATIONS

 AREA WITHIN A BASIN THAT NEEDS 
DIFFERENT MIN. THRESHOLDS (MTs) & 
MEASURABLE OBJECTIVES (MOs)

 REQUIRED TO DISCUSS HOW 
DIFFERENT MTs AND MOs WILL NOT 
CAUSE UNDESIRABLE RESULTS

 OPTIONAL….NOT REQUIRED

GSA SUB-AREAS

 NOT DESCRIBED IN DWR REGULATIONS
 BELIEVED NEEDED TO TRACK 

IMPACTS/RESPONSIBILITIES BY 
AGENCIES WITHIN A GSA

 BELIEVED SAME MTs AND MOs AS 
WHOLE GSA



MANAGEMENT AREAS

IF INCLUDED, GSP MUST:

• STATE REASON FOR EACH MANAGEMENT AREA

• STATE MIN THRESHOLDS AND MOS FOR EACH AREA

• MONITORING AND APPROACH REQUIRED FOR EACH AREA

• DISCUSSION ON HOW MGT AREA CAN OPERATE UNDER DIFFERENT 
CRITERIA WITHOUT CAUSING UNDESIRABLE RESULTS TO OTHER AREAS



FUTURE WORK AND NEXT STEPS



FUTURE WORK

• DETERMINE METHODOLOGY (ENTIRE KINGS BASIN MUST BE CONSISTENT)

• DETERMINE RANGE OF YEARS FOR INITIAL CONDITIONS

• DETERMINE RATE OF MITIGATION

• DETERMINE BASIS FOR OPERATIONAL FLEXIBILITY

• DETERMINE EVALUATION AREAS (AGENCY BOUNDARIES, SUB-AREAS, ETC.)

• CRITERIA FOR ‘UNDESIRABLE RESULTS’ – MEASURABLE OBJECTIVES AND 
MINIMUM THRESHOLDS

• WATER LEVELS WILL VARY BY MANAGEMENT AREA OR SUB-AREA

• HOW MANY WELLS BELOW THE MINIMUM THRESHOLD IS UNACCEPTABLE?



NEXT STEPS

• CONTINUE GSP DEVELOPMENT – START REVIEWING PLAN 
SECTIONS

• BEGIN WATER BUDGET

• NEED TO BEGIN WORKING ON PROJECT DEVELOPMENT AND/OR 
MANAGEMENT ACTIONS TO ACHIEVE SUSTAINABILITY

• NEED TO BEGIN ESTABLISHING MINIMUM THRESHOLDS AND 
MEASURABLE OBJECTIVES

• DIVISION GROUPS MAY WANT TO MEET REGARDING LOCAL 
CONDITIONS



QUESTIONS?





EXTRA SLIDES



KINGS COORDINATION
TECHNICAL MEMORANDUMS

• TM1 - BASE OF UNCONFINED AQUIFER

• TM2 - SPECIFIC YIELD VALUES

• TM3 - HYDROLOGIC BASE PERIOD DETERMINATION

• TM4 - STORAGE CHANGE ESTIMATION (UNCONFINED AQUIFER)

• TM5 - BOUNDARY FLOW ESTIMATED (UNCONFINED AQUIFER) 

• TM6 - DEMAND AND GROUNDWATER USE ESTIMATION 

• TM7 - RESPONSIBILITY ALTERNATIVES EVALUATION 



GSP DEVELOPMENT UPDATE

• PLAN AREA CHAPTER

• PLAN PARTICIPANTS

• LAND USE

• WELL DENSITY AND CHARACTERISTICS

• IMPACTS TO OPERATIONAL FLEXIBILITY



GSP DEVELOPMENT UPDATE

• HYDROGEOLOGIC CONCEPTUAL MODEL CHAPTER

• VISUAL AND NARRATIVE DESCRIPTION OF GROUNDWATER CONDITIONS

• CROSS SECTIONS 

• SUMMARY OF AQUIFER PROPERTIES AND CONDITIONS

• AQUIFER USES 

• GW QUALITY (CONTAMINANT MIGRATION)

• SURFACE WATER FEATURES 

• RECHARGE AND DISCHARGE AREAS

• SUB-BASIN VS GSA



GSP DEVELOPMENT UPDATE

• GROUNDWATER CONDITIONS CHAPTER

• GROUNDWATER ELEVATION AND DEPTH (CONTOUR MAPS)

• GROUNDWATER FLOWS/MOVEMENT

• GW STORAGE VARIATION

• HYDROGRAPHS AND TRENDS

• GROUNDWATER QUALITY

• LAND SUBSIDENCE 

• SW-GW INTERACTION

• GW DEPENDENT ECOSYSTEMS



COMPLICATED GEOLOGY
UNCONFINED VS CONFINED AQUIFERS



MINIMUM THRESHOLDS

• NEED TO CONSIDER ALL RELEVANT SUSTAINABILITY INDICATORS WHEN 
ESTABLISHING MINIMUM THRESHOLDS

• MUST STATE HOW EACH MINIMUM THRESHOLD:

• WILL AVOID UNDESIRABLE RESULTS IN THE BASIN

• WILL AVOID CAUSING UNDESIRABLE RESULTS IN ADJACENT BASINS

• MAY AFFECT BENEFICIAL USE OF GROUNDWATER

• DIFFERS FROM OTHER STATE, FEDERAL OR LOCAL REGULATORY 
STANDARDS

• WILL BE MEASURED CONSISTENT WITH THE MONITORING NETWORK
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