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EXECUTIVE SUMMARY 

 
The Tulare Lake Subbasin (Subbasin) Groundwater Sustainability Agencies (GSAs) have 
prepared this Annual Report for Water Year (WY) 2024 in compliance with the Sustainable 
Groundwater Management Act (SGMA) and Title 23 of the California Code of Regulations. 
Designated by the California Department of Water Resources (DWR) as Subbasin No. 5-
022.12 within the Tulare Lake Hydrogeologic Region.  As required under Section 356.2, this 
report presents data collected for the preceding water year starting October 1, 2023, and ending  
September 30, 2024 (referred to as WY 2024) The Tulare Lake Subbasin Groundwater 
Sustainability Plan (GSP) sets the sustainability goal of achieving and maintaining a reliable 
water supply for current and future users by 2040 while avoiding significant and unreasonable 
impacts on water quality and land subsidence. This goal is measured against the measurable 
objectives (MOs) and minimum thresholds (MTs) established in the GSP, ensuring that 
undesirable results are prevented. 

Five Subbasin GSAs coordinate to implement the GSP and submit this single Annual Report: 

• Mid-Kings River GSA 

• South Fork Kings GSA 

• Southwest Kings GSA 

• El Rico GSA 

• Tri-County Water Authority 

This report outlines the Subbasin’s objectives, desired conditions, and the measures adopted 
to achieve and sustain groundwater conditions, along with the rationale for their effectiveness. 
Notably, in April 2024, the California State Water Resources Control Board (SWRCB) placed 
the Subbasin on probationary status, citing the need for additional GSP revisions. This Annual 
Report incorporates updated sustainable management criteria and new data from the revised 
GSP in response to the Board’s determination. 

Key Findings: 

1. Water Year Type 
o WY 2024 was classified as a normal water year. 
o The Subbasin received 8.68 inches of precipitation (recorded at the Hanford 

Weather Station) which is slightly higher than the historical average of 8.28 
inches. 

o Above-average rainfall and runoff from snowpack during WY 2023 resulted in 
excess surface water, some of which was captured and stored in the Lake 
Bottom area for reuse during WY 2024. 

23 Cal. Code Regs. § 356.2 Annual Reports. Each Agency shall submit an annual report to the 
Department by April 1 of each year following the adoption of the Plan. The annual report shall include 
the following components for the preceding water year: 
(a) General information, including an executive summary and a location map depicting the basin covered 
by the report. 
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2. Groundwater Elevations 
o Representative Monitoring Site (RMS) wells indicate that most groundwater 

elevations in Fall 2024 were higher than in Fall 2023, though some wells 
recorded slightly lower levels. 

o None of the monitored wells exceeded the minimum thresholds for groundwater 
elevation. 

3. Groundwater Quality 
o Groundwater quality samples from drinking water wells across the Subbasin 

generally remained below minimum thresholds. 
o Three wells reported concentrations above the minimum thresholds for samples 

collected during WY 2024  . 
4. Change in Groundwater Storage 

o During the reporting period, total groundwater storage in the Subbasin 
decreased by approximately 28,755 acre-feet. The change is storage was 
generally due to decreases in the lower aquifer. 

5. Land Subsidence 
o Annual Land Subsidence measured by satellite Interferometric Synthetic 

Aperture Radar (InSAR) recorded changes between -0.14 and -0.32 feet. 
o Continuous Global Position System (CGPS) RMS stations (LEMA and 

CRCN)—showed subsidence decreases of 0.11 feet and 0.10 feet, respectively. 
o None of the RMS sites exceeded the minimum threshold for total subsidence. 

Ongoing coordination among the five GSAs, along with the implementation of planned 
projects and management actions, will be essential to addressing localized challenges, 
mitigating further declines in groundwater storage, and maintaining compliance with SGMA 
sustainability criteria. These efforts will support continued improvements in groundwater 
conditions, ensuring long-term water supply reliability and resilience in the Subbasin. 
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1. INTRODUCTION & BACKGROUND 

 
In compliance with §356.2 of the SGMA Regulations, each GSA in the Tulare Lake Subbasin 
must submit an annual report to California’s DWR by April 1 each year following the adoption 
of their first GSP. The WY 2024 report will include data from WY 2024 (October 1, 2023 – 
September 30, 2024) and, for comparison, WY 2023 (October 1, 2022 – September 30, 2023). 
This report outlines the groundwater conditions, GSP implementation status, and progress 
toward interim milestones within the Subbasin.  

The five GSAs in the Tulare Lake Subbasin are collaborating to produce a unified Annual 
Report that provides a comprehensive update on the status of GSP implementation across the 
Subbasin. This marks the sixth Annual Report submitted under SGMA, summarizing data 
collected during the WY 2024 reporting period (October 1, 2023 – September 30, 2024) and 
incorporating historical information from the GSP and previous annual reports. 

WY 2024 followed a period of significant hydrologic variability, as the Subbasin continued to 
recover from the extensive flooding of WY 2023 and ongoing flood management efforts into 
the first half of WY 2024. Nearly 100,000 acres in Kings County were inundated during WY 
2023 (NASA Earth Observatory, 2023), highlighting the need for coordinated response efforts. 
In response, the GSAs worked collaboratively with water districts, flood management 
agencies, local governments, and landowners to enhance floodwater capture and managed 
aquifer recharge opportunities. These efforts were guided by existing recharge policies and 
emergency measures enacted under the Governor’s Executive Order N-4-23, reinforcing the 
Subbasin’s commitment to maximizing water availability while advancing SGMA 
sustainability objectives. 

1.1 Plan Area Description 

The Tulare Lake Subbasin, identified by DWR as No. 5-022.12 within the Tulare Lake 
Hydrologic Region (see Figure 1-1), is part of the San Joaquin Valley Groundwater Basin. 
Five GSAs manage the Subbasin: Mid-Kings River GSA, South Fork Kings GSA, Southwest 
Kings GSA, El Rico GSA, and Tri-County Water Authority. These GSAs jointly adopted and 
submitted the initial GSP in January 2020 and revised it in July 2022 to comply with SGMA. 

The Subbasin spans primarily across Kings County, with portions extending into Tulare and 
Kern Counties. Land use within the Subbasin is predominantly agricultural, supporting a range 
of crops including field crops, grains, hay, pasture, citrus, and deciduous fruits and nuts, along 
with urban areas in incorporated cities. Key cities within the Subbasin include Hanford and 
Home Garden under Mid-Kings River GSA, Lemoore and Armona under South Fork Kings 
GSA, Kettleman City under Southwest Kings GSA, and Corcoran under El Rico GSA. Tri-
County Water Authority does not oversee entities providing direct water supply services to 
specific communities. Figure 1-2 illustrates the geographic distribution of the GSAs and their 
respective management areas within the Subbasin. 

Legal Requirements. §356.2(a) General information, including an executive summary and a location map 
depicting the basin covered by the report. 
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Groundwater infrastructure is concentrated in the northern portion of the Tulare Lake 
Subbasin, where extensive well networks support agricultural, domestic, and municipal 
demands, particularly in areas reliant on groundwater due to limited surface water availability. 
In contrast, the southern half, encompassing the historic Tulare Lakebed, primarily functions 
as surface water storage during flood years, with expansive areas either fallowed or reserved 
for cattle grazing during dry years and due to salt flats, that cover the area and the large potions 
that have been de-designated. Due to historically high groundwater levels, fine-grained 
lacustrine deposits, and the availability of surface water deliveries, reliance on groundwater 
pumping in the southern portion is significantly lower than in the north. 

1.2 Updates/Changes to the Groundwater Sustainability Plan 
In 2024, each GSA in the Tulare Lake Subbasin initiated the development of its own GSP. 
These efforts are currently underway, with the GSAs working to enhance their plans and 
address key deficiencies identified in the previously submitted GSPs. These revisions 
incorporate refinements tailored to each GSA’s management area and focus on the following 
critical areas: 

• Refinement of Sustainable Management Criteria (SMC): Updates to SMCs ensure 
the long-term sustainability of groundwater resources by incorporating the latest 
scientific research, improved datasets, and stakeholder input. These refinements 
enhance the effectiveness of minimum thresholds, measurable objectives, and 
undesirable result definitions. 

• Comprehensive Monitoring of Water Levels: Enhancements to monitoring networks 
include the installation of transducers, refinement of well construction data, and 
expanded coverage across aquifer zones. These improvements provide real-time 
groundwater level tracking, supporting adaptive management and timely decision-
making. 

• Comprehensive Monitoring of Water Quality: Implementation of enhanced 
groundwater quality monitoring protocols to assess trends, identify potential impacts 
from groundwater extraction, and support mitigation efforts. These updates ensure safe 
and reliable water quality for all beneficial uses, aligning with regulatory requirements 
and sustainability goals. 

• Land Subsidence Mitigation Strategies: Targeted reductions in groundwater 
extractions from the confined C-Zone aquifer in high-risk areas, coupled with expanded 
groundwater recharge projects, are being implemented to mitigate land subsidence and 
promote aquifer recovery. These efforts aim to stabilize land surfaces and protect 
critical infrastructure. 

• Delineation of Management Areas for Targeted Action: Establishment of clearly 
defined monitoring and management areas within each GSA’s jurisdiction enables 
more effective mitigation strategies, tailored to the unique hydrogeologic conditions of 
each aquifer zone. 

• Development of a Well Records Database and Well Registry Program: A 
comprehensive well records database and mandatory well registry system have been 
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established to consolidate data on all active and inactive wells while tracking 
groundwater extraction activities. This centralized repository improves groundwater 
accounting, prevents over-extraction, supports equitable resource distribution, and 
enhances overall decision-making. 

By integrating these efforts to address deficiencies in the Tulare Lake Subbasin’s groundwater 
management framework, the GSAs are better equipped to balance the needs of agricultural, 
municipal, and environmental stakeholders while safeguarding the region’s groundwater 
resources for future generations. 

1.3 Groundwater Use 
The regional water demands are met by surface water deliveries and the freshwater aquifer that 
underlies the Subbasin. Groundwater is extracted for beneficial use from three aquifer zones. 
This categorization is as follows: 

• A-zone Aquifer: A shallow, unconfined, perched aquifer, bounded by the A-Clay. 

• B-zone Aquifer: The upper unconfined aquifer. 

• C-zone Aquifer: The lower confined aquifer, situated below the E-Clay. 

Based on the 1995 estimates provided by the DWR (DWR 2016b), the total groundwater 
storage capacity of the Subbasin is estimated to be around 17.1 million acre-feet (AF) up to a 
depth of 300 feet, and 82.5 million AF up to the base of fresh groundwater. 

The Subbasin does not believe a surface water to groundwater interconnection exists as the 
connection was severed many decades ago (Owen et al. 2019). The Subbasin will continue to 
review and consider information as it becomes available.  

The Subbasin is situated approximately 85 miles east of the coastline and east of the coast 
ranges. Given the distance and geologic structure between the coastline and the Subbasin, sea 
water intrusion is not a concern and will not be monitored. 

For additional clarification or information on the basin setting or plan area, please refer to the 
GSP. As acknowledged by the DWR and SWRCB, it is important to note that there are still 
some data gaps and missing information as the GSAs continue to gather information for 
improved analysis and management of the Subbasin’s groundwater resources. Details for 
addressing data gaps and improving analysis are provided in Section 4. 
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2. GROUNDWATER MONITORING 

 

Regulations require the annual report to include descriptions and graphs of groundwater 
elevation data from the monitoring wells established through the GSP. This chapter presents 
the Tulare Lake Subbasin groundwater elevation data for WY 2023 and 2024.  

2.1 Tulare Lake Subbasin Monitoring Network 

 

Groundwater monitoring is a critical component of managing and sustaining water resources 
in the Tulare Lake Subbasin. The Groundwater Level Monitoring Network is managed through 
RMS wells, originally established in the 2020 GSP. Updates to the network have been 
documented in the 2022 GSP, subsequent annual reports, and will be further developed in the 
new GSPs for each of the five GSAs. 

As of the latest update, the RMS network includes 57 active wells out of a total of 61 reported 
for the Subbasin, with an additional 16 wells under evaluation for potential inclusion. These 
evaluations consider historical data availability and well accessibility to enhance network 
reliability. 

Appendix A, Table A-1 contains groundwater level data for the monitoring network wells for 
Spring and Fall of WY 2023 and 2024. Changes to the RMS network, including additions and 
removals due to well destruction or inaccessibility, are detailed in Appendix A, Table A-1 in 
accordance with DWR guidance (DWR, 2016). Table A-1 lists the locations of all wells, which 
are also depicted in Figure 2-1. 

Groundwater elevations were referenced to feet above mean sea level using the North 
American Vertical Datum of 1988 (NAVD 88). Data from CASGEM, as well as groundwater 
level data from outside the Subbasin, were incorporated to improve contour accuracy.  

2.1.1 Groundwater Elevation Contour Maps  
Contour maps for each aquifer zone are provided in Appendix A2. Previously generated 
groundwater elevation contour maps for 2018 through Fall 2023 are available in prior annual 
reports. These maps were developed using available groundwater level data. Additional 
groundwater elevation contour maps, incorporating private well data, were also provided by 
Kings County Water District (see Appendix A2, Figures A2-4 and A2-5. 

Legal Requirements: §356.2(b) A detailed description and graphical representation of the following 
conditions of the basin managed by the Plan: (1) Groundwater elevation data from monitoring wells 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 

             
               

§356.2(b) (1) (A) Groundwater elevation contour maps for each principal aquifer in the basin illustrating, 
at a minimum, the seasonal high and seasonal low groundwater conditions. 
§356.2(b) (1) (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. 
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Overall, groundwater levels in Fall 2024 remained stable or showed slight improvement 
compared to Fall 2023, likely due to carryover from WY 2023, above-average precipitation, 
and average surface water deliveries. Groundwater flow directions remain consistent with 
historical trends (Williamson, Prudic, & Swain, 1989). 

Seasonal groundwater level fluctuations follow established trends, with seasonal highs 
occurring in Spring after winter precipitation and reduced pumping, and seasonal lows in Fall 
following increased summer irrigation pumping. The contour maps were developed using a 
methodology consistent with the GSP. Groundwater elevations from wells were plotted for 
Spring and Fall using GIS software, and contours were generated using Kriging spatial 
interpolation. Contours were reviewed for consistency, and anomalous data points were 
excluded. Wells with significantly different water levels, potentially influenced by shallow 
groundwater conditions or localized geological effects, were omitted. 

2.1.1.1 Unconfined Aquifer Contours 

The seasonal low groundwater elevation contour maps for the A-Zone Aquifer were generated 
for Fall 2023 and Fall 2024 (Appendix A2, Figures A2-1a and A2-1c). These maps illustrate 
that in Fall 2024, groundwater generally moves from natural recharge areas along the Kings 
River at the northern boundary of the Subbasin toward regions with lower water levels in the 
southwest. In contrast, the seasonal high groundwater elevation contour map for the A-Zone 
Aquifer, created for Spring 2024 (Appendix A2, Figure A2-1b), reveals that groundwater 
elevations are typically higher near the Kings River, with flow directed southwest toward areas 
of lower elevation consistent with previous annual reports. 

Similarly, the seasonal low groundwater elevation contour maps for the B-Zone Aquifer were 
developed for Spring 2024 and Fall 2024 (Appendix A, Figures A3-2a and A3-2b). The Fall 
2024 maps show higher groundwater elevations in the northern half of the Subbasin near the 
Kings River, with groundwater flowing east toward areas of lower elevation in the east-central 
portion of the Subbasin. The seasonal high groundwater elevation contour map for the B-Zone 
Aquifer, generated for Spring 2024 (Appendix A2, Figure A2-2b), mirrors the patterns 
observed in Fall 2023 and Fall 2024. It indicates higher groundwater elevations near the Kings 
River, with flow directed east toward lower elevation areas in the east-central Subbasin. 

The groundwater elevation contours for the B-Zone Aquifer consistently display a persistent 
pattern of low groundwater elevations in the eastern portion of the Subbasin. This is likely 
attributable to ongoing pumping activities in that region. Despite the anticipated rebound 
observed in the Spring 2024 data, significant recovery was not evident in the eastern areas. 
However, a notable increase of 20 to 40 feet in water levels was observed in other regions, 
underscoring the localized impact of pumping on groundwater levels and highlighting the need 
for targeted management strategies. 

Overall, the contour maps for both the A-Zone and B-Zone Aquifers demonstrate the dynamic 
nature of groundwater flow within the Tulare Lake Subbasin. Seasonal variations, influenced 
by factors such as precipitation and pumping activities, result in fluctuating groundwater 
levels. The observed trends emphasize the importance of continuous monitoring and adaptive 
management to ensure sustainable groundwater resources in the region. 
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2.1.1.2 Confined Aquifer Contours 
The seasonal low groundwater elevation contour maps for the C-Zone Aquifer were generated 
for Fall 2023 and Fall 2024 (Appendix A2, Figures A2-3a and A2-3c). In Fall 2024, these maps 
illustrate groundwater movement from the northern boundary of the Subbasin toward areas 
with lower water levels in the southern portion. Additionally, the seasonal high groundwater 
elevation contour map for the C-Zone Aquifer, developed for Spring 2024 (Appendix A2, 
Figure A2-3b), demonstrates higher groundwater elevations near the Kings River, with 
groundwater flowing southward toward regions of lower elevations. These contour patterns 
reflect the seasonal dynamics of groundwater recharge from the Kings River and the influence 
of pumping activities within the Subbasin.  

2.1.2 Groundwater Elevation Hydrographs  

Hydrographs for monitoring network wells are provided in Appendix A3. These hydrographs 
display groundwater level trends through 2024, including the assigned MOs and MTs. Each 
hydrograph is labeled with the corresponding local well name, groundwater elevation, and 
depth to groundwater. 

Hydrographs were prepared for each RMS well using the available  groundwater level 
measurements. The groundwater elevation and depth-to-water data presented in the 
hydrographs are also tabulated in Appendix A, Table A-1. 

DWR recommends a hydrograph figure format that includes well completion data and a map 
location of the well, as presented in the SGMA Data Viewer. This format has been adopted for 
the annual report. 

Since 2015, groundwater levels have generally declined due to prolonged drought conditions, 
reaching some of the lowest recorded levels. Following dry conditions that began in WY 2019, 
WY 2023 was a very wet year, leading to groundwater level recovery in most wells. WY 2024 
was an average water year, but carryover from WY 2023 contributed to groundwater level 
stabilization. 
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3. WATER SUPPLY ACCOUNTING 

3.1 Surface water Supply 

 
Surface water comes from a variety of sources as listed in Table 3-1. On average, the Kings 
River provides the largest source of surface water to the Subbasin followed by the State Water 
Project (SWP). SWP water includes both state and federal water transferred through the 
California Aqueduct. In wet years, the Subbasin can also receive surface water deliveries from 
Deer Creek, White River, Poso Creek, the Kern River, and Central Valley Project (CVP) water. 
For the purposes of this report, groundwater extracted outside the Subbasin but utilized within 
the Subbasin is treated as a surface water delivery for the purpose of calculating groundwater 
pumping within the Subbasin.  

Table 3-1: Surface Water Supplies and Water Year Types 

Water 
Year 

Water 
Year 
Type 

Surface Water Source (Acre-Feet) 

Total: 

Kings 
River 

Kaweah 
River 

Tule 
River 

Deer 
Creek 

Poso 
Creek SWP CVP Imported 

WY15 Dry 54,074 0 0 0 0 16,698 0 71,956 142,728 

WY16 Dry 195,642 356 0 0 0 13,909 0 84,439 294,346 

WY17 Wet 504,934 44,063 73,456 22,452 16,334 28,216 0 54,704 744,159 

WY18 Normal 316,536 0 2,923 5,006 727 73,793 0 59,119 458,104 

WY19 Wet 418,544 21,939 13,615 8,199 902 41,592 0 21,730 526,521 

WY20 Dry 212,594 0 0 0 0 45,190 0 57,478 315,262 

WY21 Dry 66,866 0 0 0 0 41,212 0 48,776 156,854 

WY22 Dry 113,117 0 1,682 0 0 21,010 0 68,649 204,458 

WY2023 Wet 581,640 365,342 194,224 22,350 13,131 28,667 0 33,883 1,239,237 

WY2024 Normal 374,722 0 19,096 0 0 20,343 0 8,460 422,621 

Averages: 283,867 43,170 30,500 5,801 3,109 33,063 0 53,919 450,429 

Notes: Surface Water Delivery includes a conveyance efficiency correction to account for on-farm surface water 
delivery. Seepage losses are assumed to occur between the headgates of these sources and the farm turnouts. 
Conveyance efficiency is incorporated into the farm demand calculations described in the GSP Appendix D, 
Section D2-3. 
WY: water year.  
SWP: State Water Project. 
CVP: Central Valley Project. 
 

§356.2(b) A detailed description and graphical representation of the following conditions of the basin 
managed by the Plan: 
 (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. 
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Surface water supplies for WY2024 were provided by the GSAs and various water agencies, 
irrigation districts, or private mutual water companies. Surface water supplies within the 
Subbasin are directly measured with flumes or weirs with an accuracy consistent with reporting 
requirements.  

Surface water deliveries are mainly calculated using measurements taken at the main 
headgates. However, there is often seepage loss during conveyance along unlined canals, and 
this is usually not measured. To account for this unmeasured seepage loss, an 85% conveyance 
efficiency is applied to diversions that do not report seepage. The conveyance efficiency 
adjustment was not applied to canals that are known to be concrete-lined. The Southwest Kings 
GSA area had a 90% conveyance efficiency adjustment applied due to the regional clay rich 
lithology. Acquired and estimated seepage as well as recovery volumes are accounted for in 
the surface water deliveries presented in Table 3-1.  

The SWP has several contractors within the Subbasin. Entities that received SWP water 
deliveries for WY 2024 include Tulare Lake Basin Water Storage District (El Rico GSA), and 
Dudley Ridge Water District (Southwest Kings GSA).  

Imported groundwater supplies can be delivered via canals from the adjacent Tule and Tulare 
Lake Subbasins (2022 GSP). Imported water for WY 2024 was pumped from the multiple 
sources including the Angiola Water District and Creighton Ranch well fields and was 
delivered to Southwest Kings and El Rico GSAs. 

3.2 Water Year Classification 
As defined by the GSP, WY 2024 is classified as an “average” water year. The classification 
is based on the KRWA diversion index, which categorizes water years in the Subbasin as: 

• Dry: KRWA diversions < 75% of average 

• Normal: KRWA diversions between 75% and 125% of average 

• Wet: KRWA diversions > 125% of average 

This index is used due to the Subbasin’s significant reliance on surface water deliveries from 
the Kings River. The base period for defining normal hydrology spans 1998 to 2010 and aligns 
with 50-year historical averages. 

Water year classification is directly linked to groundwater pumping trends, as wet years 
historically result in lower groundwater pumping totals, while dry years typically require 
increased groundwater use. 

The KRWA diversion classification differs from the SWRCB water year type classification: 

• The KRWA index is based on actual surface water diversions. 

• The SWRCB classification is based on unimpaired runoff from other basins and 
follows a five-tier system. 

Because the Subbasin is significantly reliant on Kings River diversions, the KRWA index is 
used to define the water year type. Table 3-1 provides the classification for each year since 
2015, illustrating trends in water availability and groundwater reliance. 
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3.2.1 Precipitation  
During WY 2024 the Hanford Weather Station recorded 8.68 inches of precipitation, 
approximately 82% higher than the historic average water year precipitation within the 
Subbasin. The historic average water year precipitation (8.28 inches/year) presented in the GSP 
(page 3-3) was calculated from the total water year precipitation recorded by the Hanford 
Weather Station over a 118-year period from water years 1900 to 2018. Precipitation across 
the Subbasin typically decreases from northeast to southwest, due to the rain shadow effect 
from the adjacent coast ranges. This amount of effective precipitation equates to approximately 
354,973 AF across the entire Subbasin and is used to estimate total agricultural water use 
within the Subbasin. 

3.2.2 Lake Bottom Storage 

Between December 2022 and April 2023, historically high rainfall and snowmelt resulted in 
significant flooding in the Subbasin, with approximately 78,000 acres of farmland inundated 
in the historic Tulare Lakebed area (NASA Earth Observatory, 2023). A distinctive feature of 
the Subbasin is its ability to capture and store excess surface water in the Lakebed, which can 
supplement surface water allocations and reduce reliance on groundwater extraction. 

In WY 2023, an integrated management approach facilitated the deliberate inundation of 
specific fields, capturing a peak stored volume of 458,000 AF within the El Rico GSA 
management zone. This stored water allowed farmers in the Lakebed area to avoid 
groundwater extraction at the beginning of calendar year 2023. 

In WY 2024, carryover surface water from WY 2023 continued to be used, further reducing 
the need for groundwater pumping. The availability of this stored water supported irrigation 
demands, delaying or eliminating the need for groundwater extraction in some areas. A similar 
scenario occurred from January 1995 to June 1999, as documented in the 2022 GSP’s 
Appendix D, Table D2-4. 

3.3 Groundwater Extractions 

 
Groundwater extraction by sector across the Subbasin is summarized below on Table 3-2 and 
visually represented by sector on Figure 3-1. Table 3-2 reports groundwater extraction by 
calendar year for years 2015 through 2019, and by water year since 2020. Methods for how 
these groundwater volumes were calculated are described below.  

 

 

§356.2(b) A detailed description and graphical representation of the following conditions of the basin 
managed by the Plan: 
 (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. 
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Table 3-2: Groundwater Extraction by Sector 

Groundwater Extraction by Sector (Acre-Feet) 
Year Agricultural Urban Other Total 

CY 2015 502,745 23,765 8,400 534,910 
CY 2016 405,747 23,152 8,400 437,299 
CY 2017 132,418 24,192 9,500 166,110 
CY 2018 677,695 26,240 9,500 713,435 
CY 2019 444,319 26,571 9,500 480,390 
WY 2020 339,474 27,118 8,701 375,293 
WY 2021 617,161 27,105 8,221 652,488 
WY 2022 516,716 24,160 8,190 549,066 
WY 2023  183,491 22,342  8,030 213,863 
WY 2024 322,942 24,031 8,032 355,005 
Average 439,913 28,868 8,716 447,786 

   CY: calendar year 
   WY: water year 

3.3.1 Agricultural Groundwater Use 

Most agricultural wells in the Subbasin are either unmetered or do not have reported pumping 
volumes from landowners. As a result, agricultural groundwater extraction is estimated using 
remote sensing data. Satellite-based data is processed to estimate total agricultural water use 
by integrating monthly cropping data, evapotranspiration (ET) coefficients, irrigation 
efficiencies, effective precipitation, and recorded surface water deliveries throughout the water 
year. 

The equations presented in Appendix D of the GSP (Appendix D, page 26) are used to estimate 
agricultural groundwater extraction in the Subbasin. However, it is important to note that ET-
based methods for estimating agricultural groundwater pumping do not account for water use 
associated with livestock feeding and dairies. Additionally, these methods do not differentiate 
which aquifer groundwater is extracted from. 

Step 1: Determine cropping pattern.  

Spatial agricultural cropping data for the Subbasin was primarily obtained from LandIQ 
satellite imagery, which classified and quantified crop acreage across most of the Subbasin, 
except for El Rico GSA, which provided its own cropping information and does not utilize 
LandIQ services. Appendix C of the GSP includes historical and current land use and cropping 
data, with total acreage for each crop type summarized across the entire Subbasin and by GSA. 
LandIQ data, first utilized in the WY 2020 Annual Report, continues to provide a detailed 
analysis of land use trends in the Subbasin. 
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During WY 2024, the total acreage of land in active agricultural production increased 
compared to WY 2023 (see Appendix B for details). This increase is primarily due to the 
draining of floodwaters and the use of stored water in the Lake Bottom area, where excess 
water had persisted from January 2023 through the beginning of WY 2024. As fields 
previously inundated by flooding became available for cultivation, agricultural production 
expanded, contributing to the observed increase in cropped acreage. 

Step 2: Determine total crop demand.  

Total crop demand for the four GSAs was estimated using LandIQ’s monthly measured 
evapotranspiration (ETa) data, which is provided as a series of raster datasets at approximately 
10-meter-by-10-meter resolution across the Subbasin. ETa raster data were overlain with a 
shapefile of known agricultural parcels, and a spatially weighted average ETa value was 
calculated for each parcel. LandIQ derives ETa from satellite-based remote sensing calibrated 
against in-situ climate station measurements (LandIQ, 2024). Fallow land was excluded from 
the total crop demand calculation since it is not irrigated. 

For the El Rico GSA, crop demand was not based on LandIQ but instead calculated using crop-
specific evapotranspiration coefficients (ETc) from the Cal Poly Irrigation Training and 
Research Center (ITRC). The ETc values used are listed in GSP Appendix D, Table D2-5, and 
are based on ITRC-published ETc rates. El Rico provided ETc values for five crops (sorghum, 
safflower, pistachio, triticale, and pomegranates) that differed from those in the GSP and ITRC 
datasets. These values, which represent measured crop ETc, are also listed in Appendix C of 
this report. 

Effective precipitation for each parcel was subtracted from the crop ETc. Effective 
precipitation was estimated using PRISM precipitation data multiplied by effective 
precipitation ratios, as described in the Subbasin GSP (GSP page 3-38; Brouwer and Heibloem 
1985, Chapter 3, Table 6; PRISM Climate Group, Oregon State University). To maintain 
consistency, PRISM precipitation values were used for all GSAs instead of LandIQ 
precipitation data. 

Total crop demand was calculated using the following equation: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �
𝐴𝐴𝐴𝐴
𝑀𝑀 � = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) ∗ �𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸 �

𝑓𝑓𝑓𝑓
𝑀𝑀� − 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �

𝑓𝑓𝑓𝑓
𝑀𝑀��  

Where: 

• M = month. 

• AF = acre-feet. 

• ft = feet. 

The irrigation efficiencies used in the Subbasin groundwater model assumed an 85% irrigation 
efficiency for the Subbasin with a 95% irrigation efficiency for the Lake Bottom Area (also 
referred to as Lakebed) as discussed in the Subbasin Groundwater Model Report (GSP 
Appendix D, page 26).  The Farm Demand equation is, therefore, as follows: 



 

Water Year 2024 Annual Report 14 April 2025 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �
𝐴𝐴𝐴𝐴
𝑀𝑀
� =  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �𝐴𝐴𝐴𝐴𝑀𝑀 �
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (%)

 

 

Step 3: Calculate Un-met Demand.  

The term “un-met demand” is used in the GSP to describe Farm Demand that is met by 
groundwater pumping. It is determined by subtracting farm-level surface water deliveries from 
Farm Demand, as shown in the equation below (GSP, page 3-44).  

𝑈𝑈𝑈𝑈 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �
𝐴𝐴𝐴𝐴
𝑀𝑀 � = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �

𝐴𝐴𝐴𝐴
𝑀𝑀 � − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �

𝐴𝐴𝐴𝐴
𝑀𝑀 � 

Data on surface water deliveries were provided by the GSAs and affiliated water agencies. 
Details of surface water deliveries are provided in Section 3.2. Excluding the El Rico GSA, 
which benefitted from lake bottom storage during WY2023, the un-met demand calculated in 
Step 3 provides the agricultural pumping estimate for four of the five GSAs (Mid-Kings River 
GSA, South Fork Kings GSA, Southwest Kings GSA, and Tri-County Water Authority GSA). 
The final step in the El Rico agricultural pumping estimate is provided below in Step 4.  

Step 4: Apply Special Adjustment for Lake Bottom Water Storage.  

In some years, sufficient water can be stored in the lake bottom to eliminate the need for 
supplemental groundwater pumping to meet the irrigation demand. Farming practices in the 
southern portion of the El Rico GSA (commonly referred to as the “Lake Bottom” or 
“Lakebed”) differ from the rest of the subbasin. During “wet” years, flood water and return 
flows are diverted for storage in the Lake Bottom area and are then used for irrigation 
throughout the year. The Lake Bottom storage is treated as an additional surface water supply 
for El Rico GSA (GSP Appendix D, page 26), and this step only applies to El Rico GSA’s 
estimated total agricultural pumping volume. WY2023 was a “wet” year and El Rico GSA 
observed Lakebed storage. Therefore, additional adjustment was needed to calculate 
groundwater pumping in El Rico GSA. To adjust for Lake Bottom Water Storage the following 
additional step was included in the calculation:  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �
𝐴𝐴𝐴𝐴
𝑀𝑀 �

= 𝑈𝑈𝑈𝑈 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 �
𝐴𝐴𝐴𝐴
𝑀𝑀 � − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 �

𝐴𝐴𝐴𝐴
𝑀𝑀 � − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 �

𝐴𝐴𝐴𝐴
𝑀𝑀 �   

Where:  

• Return Flows = recycled unused surface water. 

• Lake Bottom Water Storage = surface water deliveries or flood waters stored in 
reservoirs or storage cells. 

From early January 2023 and onward, virtually no groundwater pumping occurred for most of 
the lands in El Rico GSA south of Nevada Avenue. Crop demand in this area is assumed to 
have been met primarily by diversions from lakebed storage. This remains true for the Water 
Year 2024 Annual Report, as significant carryover storage was available at the start of the 2024 
calendar year, and little to no groundwater pumping took place in the southern two-thirds of 
El Rico. 
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In WY 2023, widespread flooding created challenges in estimating agricultural pumping from 
Land IQ data in certain areas. As a result, agricultural pumping for El Rico GSA was reported 
based on totalizer values. In contrast, WY 2024 did not experience flooding, resulting in more 
typical groundwater use patterns. Consequently, Land IQ ET-based estimates of agricultural 
pumping were more reliable for WY 2024. Detailed agricultural pumping estimates can be 
found in Table 3-3. 

3.3.2 Urban Groundwater Use 
Municipalities and member agencies reported measured extracted groundwater volumes for 
WY 2024 which included the City of Lemoore, City of Corcoran, Stratford Public Utilities 
District, and Kettleman City Community Services District (CSD). As originally stated in the 
WY 2022 Annual Report, Kettleman City CSD no longer relies on groundwater and primarily 
uses surface water received from the California Aqueduct when available. The Subbasin will 
report in a future annual report if Kettleman City CSD returns to utilizing groundwater 
supplies. Armona CSD, which has regularly reported in previous water years, did not provide 
data for WY 2023 or WY 2024. 

3.3.3 Other Groundwater Use 
Domestic water use that occurred outside the areas of municipal service are categorized as 
“Other” to differentiate from metered urban supply. Rural domestic water use is generally de 
minimis and not reported. Therefore, an estimate was developed based on population and 
typical per capita demand. The source of all rural domestic water use was assumed to be 
extracted groundwater. 

To estimate the Subbasin’s “Other” water-use category, the following steps were performed. 

Step 1: Find “Other” population.  

Chapter 2 of the GSP provides the Subbasin population for 2010 and projected population for 
2030. The population for WY 2024 is obtained by interpolating the values between the 2010 
population and the population projected to persist in 2030. Thereafter, the population for the 
Subbasin’s municipalities and communities were then searched using the United States Census 
Bureau’s American Community Survey 5-Year Data, which falls between 2009 to 2020. This 
total is subtracted from the interpolated Subbasin population. The municipalities/communities 
searched are listed under the Urban Groundwater Use Section above. 

Step 2: Apply typical per capita demand.  

An assumed 179 gallons per capita annual demand was multiplied by the “Other” population 
value and then converted to acre-feet. This assumed value was taken from the Public Policy 
Institute of California’s Water and the Future of the San Joaquin Valley February 2019 report, 
which notes urban water use within the 2017 drought period. 

3.3.4 Discussion of Water Use Measurements  
The accuracy of measured and estimated surface water supplies is determined based on 
confidence intervals for water budgets as outlined by the Cal Poly Irrigation Training and 
Research Center (1999). For agricultural and urban uses, surface water diversions are measured 
using flumes or weirs, with an accuracy of approximately +/- 5%. Surface water used for 
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intentional recharge is based on deliveries to recharge basins or Flood MAR activities. Some 
of these basins are metered, also with an accuracy of around +/- 5%. However, some recharge 
deliveries are not metered and are instead estimated based on deliveries to metered basins or 
field staff observations, with an overall accuracy estimated at +/- 25%. Consequently, the 
overall accuracy for intentional recharge deliveries is estimated at +/- 15%. 
 
The SWRCB planned to implement the Groundwater Extraction and Reporting System 
(GEARS) for the Tulare Lake Subbasin on July 15, 2024. The program would require 
groundwater extractors (excluding de minimis users) to measure and report usage, with large 
extractors (over 500 acre-feet annually) needing flow meters or approved alternatives. 
However, due to ongoing litigation, GEARS has not yet gone into effect.  

3.4 Total Water Use  

 
Total water use across the three major sectors in the subbasin during WY 2024 is reported in 
Table 3-3. For reporting purposes, applicational water use within the Subbasin has been 
categorized into three sectors: Agricultural, Urban and Other. The following is a brief 
description of these sectors: 

• Agricultural Sector: Waters supplying agricultural purposes such as irrigated crop and 
dairy uses. Agricultural water can be sourced from surface water and groundwater. 

• Urban Sector: Waters used within the municipalities and special districts within the 
Subbasin.  

• Other Sector: Waters used outside of municipal service areas typically considered rural 
domestic areas.  

• Recharge: Surface water diverted for managed aquifer recharge. Managed recharge 
only includes intentional recharge. 

Water use from 2015-2019 in Table 3-3 is calendar-year based. Starting with the WY 2020 
Annual Report, the Subbasin reports on a water-year basis. WY 2024 values cover October 1, 
2023, to September 30, 2024. Total agricultural water use includes captured floodwaters and 
is calculated by subtracting surface water deliveries and agricultural groundwater pumping 
from the effective precipitation across the Subbasin, estimated at 354,973 AF (see Section 
3.2.1). 

 

 

 

§356.2(b) A detailed description and graphical representation of the following conditions of the basin 
managed by the Plan: 

(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 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. 



 

Water Year 2024 Annual Report 17 April 2025 

 

 

 

 

Table 3-3: Total Water Use by Sector 

Year 
Total Water Use by Sector (AF) 

Agriculture Urban Other Recharge1 Total 
CY 2015 705,300 23,765 8,400 -- 737,465 
CY 2016 788,500 23,152 8,400 -- 820,052 
CY 2017 1,101,800 24,192 9,500 -- 1,135,492 
CY 2018 1,063,500 26,420 9,500 -- 1,099,420 
CY 2019 1,138,400 26,571 9,500 -- 1,174,471 
WY 2020 738,708 27,118 8,701 -- 774,527 
WY 2021 846,110 27,105 8,221 -- 881,436 
WY 2022 818,965 24,160 8,190 -- 851,315 
WY 2023 1,444,930 22,342 8,030 265,170 1,740,472 
WY 2024 1,100,536 24,031 8,032 16,999 1,149,728 
Average 974,675 24,886 8,647 141,085 1,036,438 

WY : Water Year 
1 : Historical data to be provided in future reports                               
CY : Calendar Year                                     
-- : Historical data gathering in process   

3.5 Groundwater Storage  

 
The annual change in groundwater storage was calculated separately for each of the three 
aquifer zones (A-, B-, and C-Zones) underlying the Subbasin. The total annual storage change 
was then determined by summing the storage changes across all three zones. Table 3-4 presents 
the total change in storage for each water year since 2016, while Figure 3-2 graphically displays 
cumulative storage change, annual storage changes by aquifer, and total pumping by WY. 

 

 

 

 

§356.2(b) (5) (A) Change in groundwater in storage maps for each principal aquifer in the basin. 
§356.2(b) (5) (B) A graph depicting water year type, groundwater use, the annual change in groundwater 
in storage, and the cumulative change in groundwater for the basin based on historical data to the greatest 
extent available, including from January 1, 2015, to the current reporting year. 
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Table 3-4: Storage Change within the Subbasin—Historical and Current 

Change in Storage (AF) 

Water Year 
(WY) 

Annual GW 
Storage CHG 

(AF) 

CML CHG in 
GW Storage 

(AF) 

Total GW 
Pumping (AF) 

CML GW 
Pumping (AF) 

WY 2015 baseline baseline -534,910 baseline 
WY 2016 -200,965 -200,965 -437,299 -534,910 
WY 2017 91,703 -109,262 -166,100 -972,209 
WY 2018 -174,803 -284,065 -713,615 -1,138,309 
WY 2019 -13,838 -297,904 -480,390 -1,851,924 
WY 2020 -128,781 -426,684 -375,293 -2,332,314 
WY 2021 -206,939 -633,623 -652,488 -2,707,607 
WY 2022 -187,665 -821,289 -549,066 -3,256,673 
WY 2023 131,719   -689,570  -213,863 -3,470,536 
WY 2024 -28,755 -718,325 -355,005 -3,825,541 

Storage volumes have been updated from the WY 2022 Annual Report to report annual storage change based on fall 
measurements. Storage change is listed under the ending year evaluated. 
CHG: change.  
CML: cumulative.  
GW: groundwater. 
 

Unlike annual reports submitted before WY 2023, which estimated storage change using spring 
water level measurements, the Subbasin now relies on fall measurements between water years. 
This approach provides a clearer picture of post-peak water use impacts by capturing 
groundwater levels after the main irrigation season. Additionally, it offers insight into 
groundwater conditions before the start of a new water year. The fall-to-fall method measures 
inter-annual storage change, with its accuracy dependent on the quality of groundwater 
elevation data collected at RMS wells and land subsidence data. The subsidence data, which 
covers most of the Subbasin, is derived from satellite-based InSAR measurements, as detailed 
in the following sections. 
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3.5.1 Groundwater Storage Change Calculation for Aquifer Zones A and B 
Maps showing the interpolated differences in groundwater elevation used for storage change 
calculations for the unconfined perched and upper aquifers (A-Zone and B-Zone) are presented 
in Figures 3-3a and 3-3b. 

Groundwater storage change for the A-Zone and B-Zone aquifers was estimated using a three-
step process: 

1. Groundwater Level Change: The change in groundwater elevation at each RMS well 
was determined by comparing fall measurements from the reporting year to those from 
the prior year. 

2. Spatial Interpolation: Differences in groundwater elevation at RMS wells were 
interpolated using a kriging algorithm in GIS software to develop a spatial 
representation of groundwater level changes. 

3. Storage Change Estimation: Interpolated groundwater level changes were multiplied 
by the specific yield assigned to each aquifer to estimate total storage change using the 
following equation: 

𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 
= (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻ℎ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
− 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻ℎ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿) ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 

Specific yield values were selected based on ranges provided in the Subbasin GSP and 
hydrogeologic literature. For the A-Zone, a specific yield of 7% was applied, aligning with 
reported values of 10% to 28% for fine sand and within the GSP-referenced range of 1% to 
30% for unconfined aquifers. For the B-Zone, a specific yield of 2% was used, based on the 
median value in the GSP. However, specific yield may be higher in some areas, particularly 
within the Mid-Kings River GSA, where the average reported value is 8.5%. Despite this 
variability, a 2% specific yield is considered a reasonable representation for the entire 
Subbasin.  

3.5.1.1 Annual Storage Change Results 

Figures 3-2 and 3-3a-b present annual groundwater storage changes for the A-Zone and B-
Zone, along with cumulative storage change and total pumping by water year. During the 
reporting year: 

• A-Zone storage decreased by 7,895 acre-feet. 

• B-Zone storage increased by 1,584 acre-feet. 

3.5.1.2 A-Zone Dynamics and Recharge Considerations 

The A-Zone is the shallowest perched aquifer in the Subbasin and receives significant recharge 
from unlined irrigation canals, particularly in the South Fork Kings and Mid-Kings River 
GSAs. Seepage from these canals contributes up to 15% of delivered surface water as recharge 
(see Appendix D in the 2022 GSP). Over 50% of A-Zone domestic wells are located within 
1,000 feet of these canals, suggesting that many rely on canal seepage as a primary recharge 



 

Water Year 2024 Annual Report 20 April 2025 

source. Additionally, recharge intended for the deeper B-Zone may be intercepted by A-Zone 
wells before reaching its target depth. As a result, groundwater contour maps and storage 
change estimates for the A-Zone may not fully represent actual water table and storage 
dynamics. 

3.5.1.3 Data Limitations and Coverage Expansion 

The accuracy of groundwater storage estimates is constrained by data availability. The analysis 
is limited to areas where fall groundwater level measurements are available for both the 
reporting year and the prior year, resulting in gaps in regions with minimal groundwater 
extraction and greater reliance on surface water. However, with each reporting year, data 
coverage continues to expand, improving representation in historically under-sampled areas 
such as the El Rico, Southwest Kings, and Tri-County Water Authority GSAs. 

Storage volume calculations are also highly dependent on the assumed specific yield, as 
spatially averaged aquifer properties introduce uncertainty when combined with spatially 
variable water level changes. Future annual reports will incorporate groundwater model 
outputs to refine both inter-annual and in-year storage change estimates. 

3.5.2 Groundwater Storage Change in the C-Zone Aquifer 

Land subsidence data within the Subbasin, derived from InSAR measurements for the period 
between fall 2023 and fall 2024 (see Figure 3-3c), indicate compression occurring across 
multiple stratigraphic layers. The change in storage within the confined C-Zone aquifer is 
primarily influenced by the compressibility of confining layer sediments. Groundwater 
pumping from the confining layers induces compaction that is proportional to the volume of 
groundwater extracted. Prolonged low groundwater levels, often resulting from sustained 
pumping, can lead to the permanent compaction of aquitards. Persistent long-term declines in 
groundwater levels within the C-Zone have contributed to measurable land subsidence, 
primarily due to the compaction of the overlying confining layer. 

The change in storage within the C-Zone aquifer from fall 2023 to fall 2024 was calculated 
based on the volume of water released due to aquitard compression, using the following 
equation: 

𝑉𝑉𝑉𝑉=𝐴𝐴Δ𝑏𝑏 
where: 

• 𝑉𝑉𝑉𝑉  is the volume of water released from storage (acre-feet), 

• 𝐴𝐴 is the affected surface area within the Tulare Lake Subbasin (acres), and 

• Δ𝑏𝑏 represents the change in aquitard thickness due to subsidence (feet). 

The estimated change in storage for the C-Zone aquifer may be overstated if it is assumed that 
the expelled water originates solely from the C-Zone aquifer and its confining clay layers 
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(particularly the Corcoran Clay). As more information becomes available regarding the vertical 
distribution of compaction across the Subbasin, adjustments to the calculation may be 
necessary. 

For the reporting year: 

• C-Zone storage change decreased by 22,444 acre-feet. 

The estimated change in storage within the C-Zone aquifer during the reporting period is 
provided in Figures 3-2 and 3-3c.  

Accuracy: 

Using aerially extensive subsidence data provides a higher level of accuracy for estimating 
storage change compared to relying on groundwater level data. This method also offers greater 
accuracy than the approach used for the A-Zone and B-Zone aquifers. However, subsidence 
data still contains time-lag inaccuracies, which may result in the underestimation or 
overestimation of storage loss each year, depending on trends from prior years. 

Additionally, the estimated storage changes values do not account for inflows and outflows 
beyond the Subbasin boundaries. These influences will be reassessed during the upcoming 5-
year GSP update to refine storage change calculations.  

3.5.3 Total Groundwater Storage Change 
As shown in Table 3-4 and Figure 3-2, the total estimated change in groundwater storage 
between Fall 2023 and fall 2024 was: 

• Decrease of -28,755 acre-feet. 

For comparison, WY 2023 the total estimated change in groundwater storage between Fall 
2022 and Fall 2023 was: 

• Increase of 131,719 acre-feet. 

The cumulative storage change across all aquifer zones from 2015/2016 through 2024 is 
approximately: 

• -718,325 acre-feet. 

As detailed in Section 3.5, historical storage change values in Table 3-4 have been updated 
from previous annual reports to incorporate the new storage change method and additional 
RMS well data. 
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4. IMPLEMENTATION STATUS 

4.1 GSP Status 

On March 2, 2023, DWR determined the GSP for the Subbasin to be “inadequate,” triggering 
state intervention by the SWRCB under Water Code § 10735.2(a)(3). As a result, the SWRCB 
designated the Subbasin as probationary at a public hearing on April 16, 2024. Since that 
designation, the GSAs have been developing individual revised GSPs in coordination with the 
SWRCB, incorporating updated SMCs and other necessary revisions to address the 
deficiencies identified by DWR and SWRCB. These revised GSPs are nearing completion and 
remain on track for submission by mid-2025. The WY 2023 Annual Report marked the first 
implementation of the updated SMCs and proactive measures being developed for the 2025 
GSPs, and this WY 2024 Annual Report builds upon that progress. 

Concurrent with addressing the impacts of historic flooding in WY 2023, the GSAs prioritized 
the preparation of their individual revised GSPs. This effort involved extensive coordination 
to develop a comprehensive basin-wide approach while ensuring that each GSA’s revised GSP 
met the requirements set forth by DWR and the SWRCB. Given the prior development of a 
single, basin-wide GSP, the GSAs collaborated closely throughout the revision process. 

Both the flood response and the GSP revisions required significant commitments from the 
GSAs and their member agencies. While not detailed below, it is important to recognize that 
all five GSAs actively participated in preparing their individual revised GSPs, which involved 
numerous meetings with State agencies and stakeholders to ensure compliance with SGMA 
and SWRCB directives. 

4.2 Addressing Recommended Corrective Actions 

Since the submittal of the original GSP, the Tulare Lake GSAs have been focused on 
addressing data gaps identified in their respective GSPs to enhance the understanding of 
Subbasin conditions and improve groundwater management. As each GSA prepares its own 
revised GSP in coordination with the other GSAs, priority data gaps are being evaluated to 
ensure a comprehensive and technically sound approach. The list below highlights key areas 
where action has been initiated since the GSPs were submitted, though it is not exhaustive. 

The GSAs’ monitoring networks continue to collect data on groundwater levels, water quality, 
and subsidence to support sustainable groundwater management. Areas with insufficient 
monitoring coverage have been identified, and plans are being developed to improve data 
collection—particularly regarding aquifer designations and the identification of new or 
alternative wells to replace those that are unsuitable for long-term monitoring. 

As part of the ongoing GSP revision process, the GSAs are continuing to assess their respective 
plan areas and will provide additional details on efforts to address the recommended corrective 
actions in the pending GSP updates. The following sections outline the GSAs’ planned actions 
to resolve deficiencies identified by DWR and the SWRCB, as discussed in Section 1. 
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4.2.1 Water Level Corrective Actions 
Groundwater Recharge 

Even during a “normal” water year, groundwater recharge activities continue to occur. Direct 
groundwater recharge in the MKRGSA was more than 4,960 AF with an additional 11,600 AF 
of losses from the canal systems with MKR. In the SFKGSA, it is estimated that more than 
22,000 AF was recharged due to canal losses.  

In addition, in-lieu recharge also occurred in the El Rico GSA. Approximately 14,900 AF of 
floodwater from WY 2023 in the old Tulare Lake area was pumped into holding ponds and 
utilized for agricultural production in 2024.  

Monitoring Network: The Tulare Lake Subbasin GSAs are working to refine the location, 
construction information, and use of groundwater wells throughout the Subbasin to improve 
monitoring and groundwater management. The Subbasin successfully secured funding in 
Round 3 of the Prop 68 grant to conduct video logging of representative monitoring wells and 
install transducers. This effort aims to improve understanding of well construction details in 
key areas and assess the timing of groundwater level fluctuations across the Subbasin. 

While significant progress has been made, well construction details remain a data gap in many 
parts of the Subbasin. The Tulare Lake GSAs are evaluating additional approaches to close 
this gap, as discussed in Section 4.3: Projects and Management Actions. Currently, the 
Subbasin has approximately 11 monitoring wells equipped with transducers, providing more 
consistent and frequent groundwater level measurements. Many of these wells are also being 
outfitted with water quality samplers to enhance the Subbasin’s water quality monitoring 
network. 

Groundwater Model Update: The Tulare Lake Subbasin utilized SGMA Round 1 grant funds 
to develop an updated groundwater model that better reflects current hydrologic conditions. In 
late 2024, the Subbasin's consultants completed a revised MODFLOW groundwater model, 
which now incorporates a new subsidence package to account for land subsidence impacts on 
groundwater management. 

The updated model integrates newly collected data since the 2020 GSP, including improved 
well location datasets, refined stratigraphic interpretations, pumping rates categorized by 
aquifer zone, and observed subsidence patterns. The GSAs are currently working to 
incorporate this updated groundwater model into their management framework to refine future 
groundwater sustainability planning efforts. 

Well Registry: A comprehensive understanding of active wells across the Tulare Lake 
Subbasin is essential for effective groundwater management. While some GSAs have 
implemented well registry programs, the absence of a basin-wide, standardized requirement 
has resulted in a significant data gap. 

A comparison of the Online System of Well Completion Reports (OSWCR) database with 
Kings County well permit data has demonstrated the need for a complete and more consistent 
well registry. Data on active domestic wells are limited and inconsistent. The GSAs, in 
coordination with local agencies and stakeholders, are preparing a comprehensive well registry 
as part of the 2025 GSP update to improve basin-wide well tracking and management. 
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Dry Wells: Publicly available data from DWR’s Dry Well Reporting System indicate that 100 
wells within the Tulare Lake Subbasin have been reported as experiencing issues since 2015. 
Among these, 97 wells were reported as dry, two experienced well collapses, and one had a 
reported pump failure. 

Reported dry wells range in total depth from 14 feet to 400 feet, reflecting varying levels of 
vulnerability across the Subbasin. The GSAs are integrating DWR’s Dry Well Database with 
the Tulare Lake Subbasin well database to correlate reported water supply issues with aquifer 
zone classifications and groundwater level trends. This effort will help the GSAs develop a 
more targeted approach to identifying beneficial users at greater risk of water supply issues 
and implementing proactive management strategies. 

Native Yield Study: The Tulare Lake GSAs secured funding under the SGMA Implementation 
Grant to conduct a Native Yield Study—a critical initiative to refine the understanding of 
sustainable yield across the Subbasin. 

This study aims to link hydrogeologic analyses of native groundwater recharge and sustainable 
yield to policy decisions and management actions. The goal is to develop a framework that 
allows for coordinated groundwater pumping allocations within each GSA while maintaining 
basin-wide sustainability. The study will establish mutually agreed-upon definitions for key 
hydrogeologic settings, sustainable yield estimates, and pumping allocation criteria. 

The Native Yield Study is being conducted alongside other technical efforts supporting the 
2025 GSP update, including: 

• Refinements to the groundwater flow model 

• Expanded well inventories 

• Enhanced groundwater monitoring 

• Consumptive use and pumping estimates 

• Development of new Projects and Management Actions (PMAs) 

By integrating these efforts, the Tulare Lake GSAs aim to strengthen the Subbasin’s long-term 
groundwater sustainability planning and compliance with SGMA. 

4.2.2 Water Quality Corrective Actions 

To address spatial data gaps across all three aquifer zones in the water quality monitoring 
network, the GSAs are working to expand sampling efforts by incorporating additional wells. 
The GSAs will coordinate with agencies such as the Regional Water Quality Control Board 
(RWQCB) and SWRCB’s Division of Drinking Water (DDW) to identify wells within data 
gap areas that are already being monitored through existing programs. 

For identified wells that are sampled but do not currently include the constituents of concern 
(COCs), the GSAs will request that the missing COCs be added to future sampling events. If 
suitable wells cannot be identified through these programs, the GSAs will continue efforts to 
locate and sample existing domestic wells. These wells will be sampled annually for the 
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COCs to improve spatial coverage and ensure a more comprehensive assessment of 
groundwater quality trends in the Subbasin. 

4.2.3 Land Subsidence Corrective Actions 
Land subsidence monitoring is primarily informed by NASA InSAR land surface mapping. 
The Tulare Lake GSA consultants and staff are developing tools to track land subsidence 
across management zones by generating time-series charts of monthly subsidence rates. 

• Correlation Analyses: Subsidence has been evaluated against multiple monitored 
conditions—including groundwater levels, groundwater storage changes, groundwater 
pumping volumes, and well failures—yet no strong correlations have been identified using 
available data. The lack of a clear correlation suggests that subsidence is influenced by a 
combination of factors, including heterogeneous aquifer properties, differential compaction, 
and time-lagged responses to groundwater extraction. Further refinement of subsidence 
monitoring tools and improved spatial and temporal resolution of groundwater pumping data 
are needed to better correlate subsidence (instantaneous, cumulative, and differential) with 
groundwater extraction patterns. 

• Subsidence-Affected Zones: While it is understood that the majority of subsidence occurs 
below the Corcoran Clay due to the depressurization of fine-grained sediments, it remains 
unclear whether subsidence is concentrated within discrete clay lenses or occurs more broadly 
across an extensive stratigraphic interval. Additional high-resolution extensometer data is 
needed to determine which clay-rich zones are most susceptible to compaction and how they 
contribute to overall subsidence. Improved geotechnical characterization and stratigraphic 
correlation efforts could further refine the understanding of subsidence-prone zones. 

Well Collapse: Well integrity concerns have been reported through the DWR Dry Well 
Reporting System, with a subset of entries indicating well collapses. Further investigation is 
needed to assess whether well collapses are directly related to subsidence-induced casing 
deformation or other structural failures. A targeted analysis of well construction records, casing 
depths, and geomechanical stress conditions in areas of high subsidence could help determine 
the extent to which land subsidence is compromising groundwater infrastructure and leading 
to the loss of beneficial use. 

Flood Risk and Subsidence Impacts: Additional analysis is required to evaluate subsidence 
effects in the vicinity of flood channels, levees, and other surface water conveyance 
infrastructure. Differential subsidence may exacerbate flood risks by altering surface gradients, 
reducing flood channel capacity, or increasing seepage potential along levee systems. The 
above-average snowpack for Water Year 2023 presents an opportunity to assess flood extents 
and severity, which can then be compared to cumulative and differential subsidence patterns. 
High-resolution topographic surveys, hydrologic modeling, and targeted field inspections will 
be critical for understanding and mitigating the risks associated with subsidence-related 
infrastructure deformation. 

4.3 Projects and Management Actions 
Specific projects and management actions undertaken by each GSA to comply with SGMA 
are detailed in the following sections. These efforts aim to improve groundwater conditions 
and achieve SGMA’s goals of long-term groundwater sustainability and resource management. 
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4.3.1 Mid-Kings River GSA 
Progress towards GSP implementation by the Mid-Kings River GSA (MKRGSA) included the 
following activities. 

Subbasin GSP, Section 7.2.1.2: New Basins 

• Esajian Basin by Kings CWD (top priority project for MKRGSA) 
 Construction of the basin facility began in 2020 and completed in 2023. The new 

80-acre recharge basin received water in April 2023. 

• Some additional improvements were made to the Subbasin to armor the area around 
the inlets in WY 24. Griswold Basin by Kings CWD (next priority project for 
MKRGSA) 
 The design and permitting of the basin were completed in 2024. 
 Construction of the Basin began in 2024 and is expected to be completed in early 

2025. 

• New Basin Project Development 
 Several new recharge basin projects are currently in various stages of 

development. These projects are currently described as follows: 
o Last Chance Basin: KCWD is working with the Last Chance Water Ditch 

Company on property they own, which could potentially be developed into a 
recharge basin. The property is currently leased, and discussions are ongoing 
regarding future possibilities after the lease term. 

• North Hanford Basin 
o There have been two locations being considered for this basin. Both are along 

Peoples Ditch.  
o KCWD has secured access to one site where a TowTEM geophysical 

investigation, conducted by Ramboll, was scheduled for March 2022. The 
property owner is open to selling the land for potential basin development. 
Historic documents have been reviewed to identify former sloughs that once 
traversed the property. 

o KCWD is just beginning discussions with the owner at the other site. 
o Two other potential locations are being identified. 

Subbasin GSP, Section 7.2.1.2: System Improvements 

• Everett Recharge Basin was put into service in 2022. The turnout facilities are 
functioning far more efficiently since the modifications and were used for flood 
management in January and February 2023 and is currently being used for recharge.  

• Expansion of Existing Recharge Basins  
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 Cody Slough: The project is funded by SGM Implementation Round 1 grant, with 
the CEQA document and design underway and looking at potential temporary 
facilities. 
o Discussions have begun and are ongoing with the current landowner on the 

potential expansion of the Cody Slough. 
o Conceptual Design and Cost Estimates have been developed for the basin 

expansion, improved turnouts, and metering facilities. 
o   The improved and expanded basin facilities were included in the SGM 

Round II Implementation Grant. 
 Railsback Basin is receiving improvements through grant funding. 

o Discussions with the current landowner have begun on the potential expansion 
of the Railsback Basin. Currently it appears the owner is looking for a price 
significantly above fair market value for the expansion area. For that reason, 
KCWD has ceased pursuing an expansion and will wait to see if things change. 

o KCWD is pursuing the development of improved diversion and measurement 
facilities for the existing basin. Their improvements are anticipated to make the 
basin significantly more productive for recharge efforts. The conceptual design 
for these facilities is very similar to the Everett Basin modifications. 

o The improved basin facilities were included in the SGM Round II 
Implementation Grant. 

 Lopez Basin is being improved through grant funding. 
o Discussions with the current landowner have begun on the potential expansion 

of the Lopez Basin.  
o Currently KCWD is pursuing the development of improved diversion and 

measurement facilities for the existing basin. The improvements are anticipated 
to make the basin significantly more productive for recharge efforts. The 
conceptual design for these facilities is very similar to the Everett Basin 
modifications in 2020.  

o The improved basin facilities were included in the SGM Round II 
Implementation Grant application. 

 System Evaluations: Independent Ditch: The Ditch Company continues discussions 
with KCWD on efforts to develop easements and right-of-way so that the facility 
can be preserved long-term. There is a need for a measurement facility and 
diversion structure at the head of this system. As previously mentioned, it appears 
that some differential subsidence has impacted diversion capacity over time. 

Subbasin GSP, Section 7.2.1.4: Meter Requirements 

• The MKRGSA Board adopted a groundwater well registration policies along with a 
draft policy to require flow meters on new and existing groundwater wells in November 
2022. With the help of KCWD, well registration efforts began but were not completed 
as it was decided that additional public outreach was necessary. Both policies are 
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currently being revised with input from the outreach efforts. The revised policies will 
be incorporated into the revised GSP. 

Subbasin GSP, Section 7.2.1.4: Pumping Restrictions 

• The MKRGSA Board adopted a pumping allocation policy in March 2023, however 
the policy was not implemented as it was decided that additional public outreach was 
necessary. The policy is currently being revised with input from the outreach efforts. 
The revised policy will be incorporated into the updated GSP. 

• In accordance with the Governors Executive Order N-7-22, the MKRGSA 
implemented a process with the County of Kings to review applications for new water 
wells. 

Subbasin GSP, Section 7.2.1.5: Grant Funds 

• The Subbasin is pursuing the SGM Implementation Grant Round 1 with various 
projects benefitting the Subbasin. The County of Kings Water District has submitted 
two recharge basin projects. One project to build the Griswold Basin and make 
improvements to three existing recharge basins (Cody Slough, Smith Basin, and Lopez 
Basin). The second project consists of construction of the new North Hanford Basin. 
 As part of the SGM Implementation Grant Round 1 submittal, the Subbasin has 

opted to include 2022 GSP updates, groundwater studies, and to help fill data gaps. 
As part of the 2022 GSP updates, the Subbasin has opted to include funding to be 
used to respond to DWR’s comments and a groundwater quality study. 
Groundwater studies include an update on the groundwater model, regional 
subsidence study, and a native yield study. Lastly, the Subbasin has decided to 
request funding to install a monitoring well to help fill a data gap area. 

4.3.2 El Rico GSA 
Progress towards GSP implementation by the El Rico GSA included the following activities. 

Subbasin GSP, Section 6.3.1: Conveyance Facilities Modifications and Construction of 
New Facilities 

• Corcoran Irrigation District (CID) continues to evaluate potential improvements to its 
conveyance facilities and explore different funding options. 

Subbasin GSP, Section 6.3.3: Recharge Basins/Water Banking 

• CID completed the engineering  design and permitting of the Salyer Reservoir  to create 
additional flood water storage and groundwater percolation benefits. Construction 
began in late 2024 and is expected to be completed in early 2025.  

• As noted above, more than 14,900 AF of floodwater water from 2023 was stored in 
existing ponds and used for agricultural production in 2024. The EL Rico GSA 
commonly utilizes this technique to maximize the use of floodwater in-lieu of 
groundwater pumping.   
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Subbasin GSP, Section 6.4: Management Actions 

•  The El Rico GSA continued to emphasize the importance of flexible cropping patterns 
based on available surface water. With adequate surface water supply, approximately 
half of the fallowed land from 2023 was brought back into production with the 
remaining land left fallow. The El Rico landowners will continue to evaluate yearly the 
amount of land to be placed in production.  

Subbasin GSP, Section 7.3: Identify Funding Alternatives 

• The Subbasin was awarded the SGM Implementation Round I Grant with various 
projects benefitting the Subbasin. CID has begun the engineering design of a recharge 
and storage project on behalf of the El Rico GSA. As part of the SGM Implementation 
Grant Round 1 submittal, the Subbasin opted to include GSP Updates, and groundwater 
studies, to help fill data gaps. The El Rico GSA has taken the lead in preparing the 
update to the regional groundwater model. 

Subbasin GSP, Section 7.0 Plan Implementation 

• El Rico GSA continues to meet with the Tulare Lake Subbasin and Tule Subbasin. 
Meetings are held with the goal of better understanding, defining, and resolving 
disputes over the artificial boundaries where the three subbasins intersect. 

4.3.3 Tri-County Water Authority  
The Tri-County Water Authority (TCWA) continued to make progress implementing the 2022 
GSP’s proactive-approach to identifying and mitigating undesirable results during Water Year 
2023. Some of the key projects and management actions included the following: 

Subbasin GSP, Section 6.3.1: Conveyance Facilities Modifications and Construction of 
New Facilities 

• The Water Blueprint for the San Joaquin Valley has restructured the organization to 
focus on education and advocacy. TCWA’s Executive Director, Deanna Jackson 
continues to sit on the Board of Directors for the Water Blueprint for the San Joaquin 
Valley and is a representative for irrigated areas outside of water district or irrigation 
district services boundaries, also known as “White Areas.” TCWA continues 
participation in the Water Blueprint for the San Joaquin Valley with intent to advance 
water infrastructure projects and increase water supply. The San Joaquin Valley 
Blueprint has prepared a new strategic plan to address the water needs in the area. 

Subbasin GSP, Section 7.2.4.3: Management Actions 

• A groundwater allocation policy, which specifies the amount of sustainable yield per 
acre and is designed to substantially increase demand reduction over time, continues to 
be implemented and enforced with penalties. The funds collected from these 
exceedances are earmarked to support future projects that will decrease demand and 
increase supply, such as land fallowing programs, metering programs, and domestic 
well mitigation programs. These reductions in demand are expected to have a positive 
effect on groundwater levels and reducing subsidence.   
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• TCWA is currently revising the groundwater allocation policy with input from the 
stakeholder advisory committee. The revised groundwater allocation policy is expected 
to include a shift to utilizing meter data from all wells with annual reductions in the 
amount of groundwater pumped.  

• TCWA continues to utilize evapotranspiration and land use data provided by LandIQ 
to monitor groundwater pumping across the GSA. As noted, TCWA is currently 
revising the groundwater allocation policy to require utilization of meter data to 
measure groundwater extraction.   

• A web-based accounting program providing groundwater use data to the landowners 
continues to operate and is regularly updated.  

• TCWA is to develop Multi-benefit Lands Repurposing Plans using monies from the 
Department of Conservation. The MLRP includes a TCWA specific plan that evaluates 
numerous alternatives for lands taken out of agricultural production. 

• Additional activities reported in the Tule subbasin are updated in the Tule WY2024 
Annual Report and it’s encouraged this document be reviewed in tandem to gain a full 
picture of these actions 

Subbasin GSP, Section 7.4: Data Management System 

• Four-Creeks Subbasin data management system continues to be updated on a quarterly 
basis. 

Subbasin GSP, Section 7.0: Plan Implementation 

• TCWA continue to participate in coordination meetings between the Tulare Lake and 
Tulare Lake subbasins. These meetings are expected to continue to help provide 
common solutions to regional issues. Ground subsidence has been one of several issues 
focused on during these meetings.  

• TCWA is currently preparing a Subsidence Management Plan that will present the 
actions that will be taken in areas that are exceeding the annual allowable rate of 
subsidence to avoid the minimum thresholds. 

4.3.4 South Fork Kings GSA 
Progress towards GSP implementation by the South Fork Kings GSA (SFKGSA) included the 
following activities: 

Subbasin GSP, Section 6.3.1: Conveyance Facilities Modifications and Construction of 
New Facilities 

• SFKGSA continues work with the Water Blueprint for the San Joaquin Valley with 
intent to gain rights to increased water supplies to reduce groundwater overdraft. 

Subbasin GSP, Section 6.4: Management Actions 

• The SFKGSA is preparing a groundwater well registration policy along with a draft 
policy to require flow meters on new and existing groundwater wells.  Both policies 
are currently being prepared with input from the outreach efforts. The revised policies 
will be incorporated into the revised GSP. 
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• SFKGSA is currently preparing a groundwater allocation policy with input from the 
grower advisory committee. The groundwater allocation policy is expected to include 
allocations based on aquifer with annual reductions in the amount of groundwater 
pumped. 

• SFKGSA is currently preparing a Subsidence Management Plan that will present the 
actions that will be taken in areas that are exceeding the annual allowable rate of 
subsidence to avoid the minimum thresholds. 

Subbasin GSP, Section 7.2.2.3: Groundwater Monitoring Program 

• The SFKGSA continues to evaluate their groundwater monitoring program by 
reevaluating wells within the program and searching for opportunities to add more 
wells to monitor.  

• The SFKGSA continues to pursue monitoring well installment through DWR’s 
Technical Support Services. The well will be located within the City of Lemoore and 
approximately 0.5 miles south of a C-Zone data gap recognized in chapter 5 of the 
SFKGSA GSP. The SFKGSA has worked closely with the City of Lemoore to find an 
optimal location. The well is expected to monitor both B and C hydrostratigraphic 
zones. 

Subbasin GSP, Section 7.2.2.8: Supply Enhancement Program 

• SFKGSA is currently preparing an updated groundwater recharge policy to encourage 
and incentivize groundwater recharge. The policy is being prepared with input from the 
grower advisory committee and public outreach. The policy will be included in the 
revised GSP.  

Subbasin GSP, Section 7.0: Plan Implementation 

• SFKGSA and the Subbasin continues discussions with GSAs/Subbasins to the north 
and west to help coordinate inter-basin coordination. This coordination included on-
going data exchanges and technical discussions regarding boundary conditions. 

Subbasin GSP, Section 7.3: Identify Funding Alternatives 

• The Subbasin was awarded the SGM Implementation Grant Round 1 with various 
projects benefitting the Subbasin. KRCD began implementation of the  Kings River 
Channel Reclamation Project on behalf of the SFKGSA. Through previous grant 
awarded efforts, KRCD has identified sections along the Kings River in need of 
reclamation to restore 100-year flood capacity along the channel. Through this grant, 
KRCD will remove an approximate 280,000 cubic yards of accumulated sediments 
along the South Fork Section located between Jackson Avenue bridge and Empire Weir 
1. Removing accumulated sediments will reclaim capacity for water flows and bring 
entitled irrigation and floodwaters to be used in lieu of groundwater pumping. The 
engineering design drawings for the project were completed in WY22 and construction 
activities are underway. 
 As part of the SGM Implementation Grant Round 1 submittal, the Subbasin   

included an update to GSP and several groundwater studies to help fill data gaps. 
As part of the GSP Updates, the grant funding was used to respond to DWR’s 
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comments. Groundwater studies include an update on the groundwater model, 
regional subsidence study and a native yield study. Lastly, the Subbasin has decided 
to request funding to install a monitoring well to help fill a data gap area. 

4.3.5 Southwest Kings GSA 
Progress towards GSP implementation by the Southwest Kings GSA included the following 
activities. 

Subbasin GSP, Section 6.3.1: Conveyance Facilities Modifications and Construction of 
New Facilities 

• Participated in discussions with the Water Blueprint for the San Joaquin Valley with 
intent to increase water supplies to the area.  

Subbasin GSP, Section 6.4: Management Actions 

The GSA-wide meter policy which required the installation of meters on all active 
production wells is seeking to gain more compliance. LandIQ data is being relied on to 
provide additional insights to groundwater pumping. 

Subbasin GSP, Section 7.0: Plan Implementation 

• Continue to engage with the neighboring Subbasin to the west to help coordinate inter-
basin coordination. ended to . 

• SWKGSA is currently preparing a well mitigation policy to address any impacted 
domestic wells. The policy is expected to be included in the revised GSP. 
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5. SUSTAINABLE MANAGEMENT CRITEIRA 

 
This chapter contains a report on the status of the relevant SMCs in the Tulare Lake Subbasin. 
The status of the four applicable criteria, including groundwater levels, groundwater storage, 
water quality, and subsidence, will be discussed. For the Tulare Lake Subbasin, interconnected 
surface water and seawater intrusion are not applicable sustainability indicators. Therefore, no 
progress indicators for interconnected surface water or seawater intrusion will be discussed in 
this chapter. As updates to the SMCs are being made, the following sections evaluate 
sustainability indicators with respect to the most recent version of the GSP that the GSAs are 
working to submit to the state. 

5.1 Sustainability Goal 
The sustainability goal for the Tulare Lake Subbasin and each GSA is to manage the basin to 
provide a reliable water supply for current and future beneficial uses and users by 2040. This 
goal involves balancing water demand with available supply to stabilize groundwater levels 
while avoiding significant and unreasonable impacts on the other three applicable 
sustainability indicators (water quality, groundwater storage, and land subsidence). The 
objective is to manage groundwater resources to achieve MOs and avoid reaching MTs that 
would cause undesirable results. 

This goal will be achieved through the following actions: 

• Implementation of GSPs: The GSPs developed by the MKRGSA, SFKGSA, ERGSA, 
SWKGSA, and TCWAGSA will be executed, with each plan detailing phased 
measures (projects and management actions) to avoid undesirable results and achieve 
measurable objectives by 2040 or as extended by DWR. 

• Collaboration with Agencies: Coordination with other agencies and entities will focus 
on stabilizing chronic groundwater level and storage declines, minimizing significant 
and unreasonable land subsidence, reducing or mitigating water quality degradation 
where feasible, and protecting local beneficial uses and users. 

• Evaluation at Interim Milestones: The effectiveness of implemented projects and 
management actions will be assessed at each interim milestone to ensure progress 
toward avoiding undesirable results as defined in the GSP. 

• Ongoing Implementation: The five GSAs will continue to implement projects and 
management actions as needed throughout the planning and implementation horizon to 
maintain the sustainability goal. 

The Tulare Lake Subbasin’s sustainability goal is intended as an iterative, long-term, 
qualitative objective to eliminate undesirable results in the Subbasin over the next 20 years. 
Each GSA has established quantitative sustainable management criteria to guide the basin 
toward this goal. Progress will be evaluated annually for each sustainability criterion by 

§356.2(b) (5) (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. 
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measuring performance against interim milestones and the achievement of measurable 
objectives. 

5.2 Groundwater Level Sustainable Management Criteria and Progress 

Undesirable Results in the Tulare Lake Subbasin occur when one-third of the representative 
monitoring sites across the Subbasin exceed their respective MT water level elevations. No 
Undesirable Results have been observed to date, indicating groundwater levels remain within 
the operational flexibility.  

The updated GSPs introduce revised SMCs to address chronic groundwater level declines, 
using regional aquifer geometry and well depth data to establish MTs that protect 90% of wells 
active since 2015. These SMCs, including MTs and MOs, are detailed in Appendix A, Table 
A-1, and shown on hydrographs in Appendix A3. 

5.2.1 Progress of Groundwater Levels 
Groundwater level monitoring is performed by various agencies within the Tulare Lake 
Subbasin. Table 5-1 summarizes groundwater elevation data for WY 2024 and historical data 
from Spring 2022 relative to the established MO and MT values. Currently, the Subbasin-wide 
undesirable result condition (groundwater elevations below MT at one third or more of 
representative monitoring sites) has not been met. GSAs will continue evaluating monitoring 
network adequacy and adjusting representative monitoring sites and associated thresholds 
accordingly. The data presented are categorized as above MO, within the Margin of 
Operational Flexibility (MoOF), within 20% of MT, below MT, or having no data available. 
Wells lacking data for this reporting period primarily reflect conditions such as active pumping 
during measurement or restricted access.  
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Table 5-1: Groundwater Levels Monitoring Network Comparison to SMC 

Mid-Kings River GSA Spring 
2022 

Fall 
2022 

Spring 
2023 

Fall 
2023 

Spring 
2024 

Fall 
2024 

Above MO 2 0 2 8 11 5 
In MoOF 15 17 15 11 8 12 
Within 20% of MT 0 1 0 0 0 0 
Below MT 0 0 0 0 0 0 
No Data Available 6 5 6 4 4 6 
South Fork Kings GSA Spring 

2022 
Fall 
2022 

Spring 
2023 

Fall 
2023 

Spring 
2024 

Fall 
2024 

Above MO 8 1 6 12 9 10 
In MoOF 15 16 14 10 13 14 
Within 20% of MT 0 0 0 0 0 0 
Below MT 0 4 1 0 0 0 
No Data Available 1 3 3 2 2 0 
El Rico GSA Spring 

2022 
Fall 
2022 

Spring 
2023 

Fall 
2023 

Spring 
2024 

Fall 
2024 

Above MO 1 0 1 2 2 2 
In MoOF 7 4 6 7 8 7 
Within 20% of MT 0 1 1 0 0 0 
Below MT 1 1 0 0 0 0 
No Data Available 1 4 2 1 0 1 
Tri-County Water 
Authority GSA 

Spring 
2022 

Fall 
2022 

Spring 
2023 

Fall 
2023 

Spring 
2024 

Fall 
2024 

Above MO 0 0 0 0 0 0 
In MoOF 1 1 2 2 2 2 
Within 20% of MT 0 0 0 0 0 0 
Below MT 1 1 0 0 0 0 
No Data Available 0 0 0 0 0 0 
Southwest Kings GSA Spring 

2022 
Fall 
2022 

Spring 
2023 

Fall 
2023 

Spring 
2024 

Fall 
2024 

Above MO 1 0 0 0 1 1 
In MoOF 1 2 2 2 1 1 
Within 20% of MT 0 0 0 0 0 0 
Below MT 0 0 0 0 0 0 
No Data Available 0 0 0 0 0 0 
 

A significant portion of the Monitoring Network for the Tulare Lake Subbasin leaned on the 
existing CASGEM framework for a starting point. The Spring and Fall readings available for 
the Tulare Lake Subbasin Groundwater Level Monitoring Network are provided in Appendix 
A. In late 2022 and early 2023, water-level transducers were installed in seven additional 
monitoring wells within the SFKGSA, bringing the total number of wells equipped with 
transducers in the Subbasin to 11. The other four wells were previously equipped with 
transducers. Data from these wells show groundwater levels initially rose due to wet conditions 
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and flooding in 2023, and this upward trend continued through WY 2024. The ongoing 
expansion of the monitoring network, including installation of transducers, remains a priority 
as part of planned projects and management actions. Transducer data have demonstrated 
groundwater elevations consistently responding to hydrologic conditions, with increases 
continuing into WY 2024. 

5.3 Groundwater Quality Sustainable Management Criteria and Progress 
Water quality monitoring within the Subbasin focuses on seven contaminants of concern 
(COCs), as listed in Table 5-2. The MTs for water quality degradation are established to 
prevent additional exceedances in existing wells. For wells where water quality already 
exceeded the MT in 2015, the MT is set to the historical 95th percentile Upper Tolerance Limit 
(UTL) concentration. 

Table 5-2: Minimum Thresholds for Water Quality 

Constituent of Concern Minimum Threshold 

Salinity (measured as TDS) 1,000 mg/L 
Nitrate (measured as N) 10 mg/L 
Arsenic  1.0 μg/L 
Uranium 20 pCi/L 
Gross Alpha 15 pCi/L 
Sulfate 500 mg/L 
Chloride 500 mg/L 
1,2,3-TCP 0.005 μg/L 

       μg/L =  micrograms per liter  
       mg/L = milligrams per liter  
       pCi/L = picocuries per liter 
       TDS = total dissolved solids   
 

5.3.1 Progress of Water Quality 

Groundwater quality results from WY 2024 did not meet the definition of the undesirable 
result. Instances where concentrations exceeded established MTs, are summarized in Table 5-
3, which presents groundwater quality data for WY 2024 relative to established MTs. 
Groundwater quality monitoring within the Tulare Lake Subbasin has historically relied on a 
limited but coordinated approach, primarily using data collected through state regulatory 
programs such as the Irrigated Lands Regulatory Program (ILRP) and the GAMA system. 
Currently, the groundwater quality monitoring network consists of one well in the El Rico 
GSA, 16 wells in the Mid-Kings River GSA, 15 wells in the South Fork Kings GSA, and one 
well in the Southwest Kings GSA. No wells from the TCWA GSA have available water quality 
data. Available Water Quality Data is presented in Appendix D, Table D-1, maps of the Tulare 
Lake Subbasin Water Quality monitoring network are presented in Appendix D2, and Time-
Concentration graphs of the Table D-1 analytical data are available in Appendix D3.  
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Table 5-3: Groundwater Quality Monitoring Network Comparison to Sustainable Management Criteria 

GSA  Data Collection 
Season 

*WY 2024 Measurements Above MT *WY 2024 Total Measurements 
AS 

(µg/
L) 

CL 
(mg/

L) 

NO3N 
(mg/L) 

SO4 
(mg/L) 

TCPR123 
(µg/L) 

TDS 
(mg/L) 

U 
(pCi/L) 

AS 
(µg/L) 

CL 
(mg/L) 

NO3N 
(mg/L) 

SO4 
(mg/L) 

TCPR123 
(µg/L) 

TDS 
(mg/L) 

U 
(pCi/L) 

El Rico 
GSA 

Fall 2023 -- -- -- -- -- -- -- 0 -- 0 -- -- -- 0 
Spring 2024 -- -- -- -- -- -- -- 0 -- 0 -- -- -- 0 
Fall 2024 0 -- -- -- -- -- -- 0 -- 0 -- -- -- 0 

Mid-
Kings 
River 
GSA 

Fall 2023 0 -- -- -- -- -- -- 2 0 0 0 0 0 -- 
Spring 2024 0 -- -- -- -- -- -- 2 0 0 0 0 0 -- 

Fall 2024 1 4 -- -- -- 3 -- 7 7 0 0 0 7 -- 
South 
Fork 
Kings 
GSA 

Fall 2023 0 1 -- 1 -- 2 -- 8 3 0 1 0 3 -- 
Spring 2024 0 1 -- -- -- 5 -- 8 6 0 0 0 6 -- 

Fall 2024 0 -- -- -- -- -- -- 7 0 0 0 0 0 -- 
Southwe
st Kings 

GSA 

Fall 2023 -- -- -- -- -- -- -- 0 0 -- 0 -- 0 -- 
Spring 2024 -- -- -- -- -- -- -- 0 0 -- 0 -- 0 -- 
Fall 2024 -- -- -- -- -- -- -- 0 0 -- 0 -- 0 -- 

Entire 
Subbasin 

Fall 2023 0 1 -- 1 -- 2 -- 10 3 0 1 0 3 0 
Spring 2024 0 1 -- -- -- 5 -- 10 6 0 0 0 6 0 
Fall 2024 1 4 -- -- -- 3 -- 14 7 0 0 0 7 0 

Notes and abbreviations: 
TDS=Total Dissolved Solids.               
AS =Arsenic.               
CL=Chloride.               
NO3N=Nitrates.               
SO4=Sulfate.               
TCPR123=1,2,3-Trichloropropane. 
*Data tabulated for results collected 
between Fall 2023 and Fall 2024               
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5.4 Land Subsidence Sustainable Management Criteria and Progress 
Land subsidence may 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. 
Explanations of the methodology for determining criteria can be found in chapter 4 of each 
GSA’s GSP. 

5.4.1 Progress of Land Subsidence 

InSAR data from October 2023 to October 2024 indicate continued slowing subsidence rates 
across the Tulare Lake Subbasin compared to prior years, as shown in Figure 3-4, with 
cumulative subsidence since June 2015 illustrated in Figure 3-5 and Appendix E, Figure E1-1. 
Subsidence monitoring results for WY 2024 showed a further reduction in the annual 
subsidence rate, with measurements decreasing from 0.34 feet (WY 2023) to 0.27 feet (WY 
2024). Continuous GPS (CGPS) data similarly confirmed subsidence reductions at monitoring 
locations CRCN (0.10 feet) and LEMA (0.11 feet) during WY 2024, consistent with previous 
annual decreases. 

The physical subsidence RMS network consists of 41 benchmark stations within the Tulare 
Lake Subbasin, comprising 25 benchmarks monitored by the Kings River Conservation 
(KRCD), 8 by the California High-Speed Rail Authority (CHSRA), 6 by CalTrans, and 2 along 
the California Aqueduct. An additional 8 benchmark stations located outside of the Subbasin 
contributes supplementary data. Monitoring data summarized are presented on Figure 3-5 in 
Appendix E, Table E-1. 

Historically, subsidence monitoring has emphasized areas near the eastern portion of the 
Subbasin due to notably higher subsidence rates documented in adjacent subbasins (Tule and 
Kaweah). KRCD’s subsidence monitoring network, established as part of the MKRGSA, now 
covers approximately three-quarters of the Subbasin. Additional subsidence data have been 
contributed by CalTrans, the Kaweah Delta Water Conservation District, and CHSRA. 
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