
 
 

Table 4:  Data Quality Objectives – 

Appendix E
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ELEMENT 9:  DOCUMENTS AND RECORDS 

Record Handling 
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ELEMENT 10:  SAMPLING PROCESS DESIGN 

Surface Water Sampling Process Design 
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Table 5:  Coalition Surface Water Sampling Point Coordinates 

Site name CEDEN Code Latitude Longitude 
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Figure 2: Tule Basin Water Quality Coalition Surface Water Monitoring Sites 
 

Figure 3:  Deer Creek at Road 120 Site Map

Appendix E



 

Figure 4:  Deer Creek at Road 176 Site Map 

Figure 5:  Deer Creek at Road 248 Site Map 

 
Figure 6:  Porter Slough near Road 192Site Map 
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Figure 7:  Tule River at Plano Street Bridge Aerial Site Map

Figure 8:  Tule River at North Fork Road 144 Site Map

Figure 9:  Tule River at Road 92 Site Map 
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Figure 10:  White River at Road 208 Site Map

Groundwater Sampling Process Design 
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Figure 11:  GQTMP Well Network  
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ELEMENT 11:  SAMPLING METHODS  

Field Sampling 

General Sampling Requirements 

surface water

water supply well
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Surface Water Sediment Sample Collection Requirements 

Sample Collection Volumes 

 
 

 

Sample Collection Procedures 
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Following Collection 

Post Collection Handling 
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ELEMENT 12:  SAMPLE HANDLING AND CUSTODY 
 

 
Table 6:  Method Preservation, Storage and Holding Time Requirements  
Parameter Preservative Container Storage Hold Time 

to Prepare 
Hold Time 
to Analyze 
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ELEMENT 13:  ANALYTICAL METHODS AND FIELD MEASUREMENTS 

Standard Operating Procedures 

Table 7:  Standard Operating Procedures
Parameter Method Description Doc ID Rev. Date 
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Instrumentation 

Field Monitoring 
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Method and Instrument Performance Criteria 
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Quantitation and Detection Limits 
 
Table 8:   Methods, Reporting Limits and Detection Limits 

BSK Reporting Information 
Constituent ILRP PQL RL MDL1 Units Method 
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Constituent ILRP PQL RL MDL1 Units Method 
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Corrective Action Measures 
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ELEMENT 14:  QUALITY CONTROL 

Table 10:  Required Quality Control by Method 

 

 

QC Definitions and Specifications - Chemistry 

Method Blank 

Appendix E



Laboratory Control Spike / Duplicate (Blank Spike / Duplicate) 

Matrix Spike / Duplicate 

 

 
 
Laboratory and Field Duplicates 
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QC Definitions and Specifications – Microbiology 
 
Method Blank (Sterility Check) 

Appendix E



Negative Control 

Positive Control 

 
 
QC Definitions and Specifications – Toxicology 

0% Control 
 

Reference Toxicant 
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ELEMENT 15:  INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

Field Instrumentation / Equipment 

 
Table 11:  BSK Field Instrumentation  

Table 12:  TBWQC Field Instrumentation  

Laboratory Instrumentation 

Appendix E



 
Table 13:  Laboratory Instrumentation 

Instrument Make Model 
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ELEMENT 16:  INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 
 
Field Instrumentation 
 

Laboratory Instrumentation 
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ELEMENT 17:  INSPECTION / ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

ELEMENT 18:  NON-DIRECT MEASUREMENTS 
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ELEMENT 19:  DATA MANAGEMENT 

In Situ
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http://ceden.org/CEDEN_checker/Checker/CEDENUpload.php
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ELEMENT 20:  ASSESSMENT AND RESPONSE ACTIONS 

Appendix E



ELEMENT 21:  REPORTS TO MANAGEMENT 
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ELEMENT 22:  DATA REVIEW, VERIFICATION AND VALIDATION 

Appendix E



ELEMENT 23:  VERIFICATION AND VALIDATION METHODS 
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ELEMENT 24:  RECONCILIATION WITH USER REQUIREMENTS 
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ELEMENT 25:  DEFINITIONS 

Term Definition 
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Field Data Completeness Worksheet
Date Sampled

Activity Sample Point 1 Sample Point 2 Sample Point 3 Sample Point 4
Field Sampling

Water Present at Location?
Photo documentation captured?
Field Equipment Rinsed?
All containers for all samples filled?
Sample Labels Verified to COC?
Lat. / Long. Recorded?
Field Conditions Recorded?

Field Measurements Collected
Flow
Temp
pH
EC
Dissolved Oxygen

Sample Transport
Were samples packed on ice?
COC signed by sampler?
Was COC included in cooler?

Sample Receipt
Samples received within temperature?
If no, received on ice on date collected? 
All bottles unbroken and intact?
Bottle labels agree with COC?
Were bottles correct for tests requested?
Sufficient sample received for all tests?
Arrived at lab within hold times?

Passing Criteria 0 0 0 0
Total Assessments 0 0 0 0
% Complete

% Completeness - Field Activities

Sampling Locations

Appendix E
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Well Type: �  Monitor � Extraction Other:
Well Material: �  PVC �  St. Steel Other:

(Signature) Date: Time:

 Pump No.:
  �  Other Type:

Depth in ft (BTOC):

_________ =
TD (feet) D (Inches) # Vols

Start:______________
Elapsed:

Minutes Since 
Pumping Began:

pH Cond. 
(μ Mhos/cm)

�C°     �F°

Meter Nos.:

SAMPLING METHOD
� Same As Above

Sample Series:__________________________
Sample No. Lab

Original Sample No. Sample No. 

QUALITY CONTROL SAMPLES
Duplicate Samples Blank Samples Other Samples

Duplicate Sample No. Type Sample No. 

CommentsVolume/ Cont. Analysis Requested Preservatives

� Sanitary Sewer               � Storm Sewer     
DISCHARGE WATER DISPOSAL: 

SAMPLE DISTRIBUTION

� Other - Type:_______________________________
� Grab - Type:________________________________

 �  Submersible     � Centrifugal   �  Bladder;  Pump No.:_______________________

Type

WELL PURGING
PURGE METHOD

Casing Diameter (D inches):  � 2   �4   � 6    � Other:____
Total Depth of Casing (TD in feet BTOC):
Water Level Depth (WL in feet BTOC):
Number of well volumes to be purged (# Vols):  

�3          �4            �5           �10              �Other:
Screen Interval in ft (BTOC):

From_____________ To____________

  �  Submersible     � Centrifugal   �  Bladder;  

PUMP INTAKE SETTING

�  Bailer - Type:___________________________________

ACTUAL PURGE VOLUME

  � Near      � Bottom       � Near Top         Other:  

2

�  Other:______________________________________

(______________)
PURGE VOLUME CALCULATION:

WELL SAMPLING

Other:

FIELD PARAMATER MEASURMENTS:

 �   Bailer - Type:___________________________________

Stop:______________
___________ _____________=____________ gallons

Calculated Purge Volume
_________________________gallons

PURGE TIME PURGE RATE
GW (feet)

OBSERVATIONS DURRING PURGING              (Well 
Condition, Turbidity, Color, Odor):

Initial:_____________ gpm
Final: ______________gpm

Sheet ______ of ________

PURGE VOLUME 

Sampled By:______________________________________________

Job Name:____________________________________________
Job Number:__________________________________________
Recorded By:__________________________________________

Well No./ I.D._____________________________________________

  ___________(____________) -

Groundwater Sampling
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CHAPTER 2:  TULE SUBBASIN SETTING  §354.12 

 

The Tule Subbasin is located in the southern portion of the San Joaquin Valley Groundwater Basin 
in the Central Valley of California (see Figure 2-1).  The area of the Tule Subbasin is defined by 
the latest version of CDWR Bulletin 118 (CDWR, 2016) and is shown on Figures 2-1 and 2-2.  
The Tule Subbasin area is approximately 744 square miles (475,895 acres) and includes the 
jurisdictional areas of multiple water management and service entities.  The subbasin has been 
divided into seven individual Groundwater Sustainability Agencies (GSAs): Eastern Tule GSA, 
Lower Tule River GSA, Pixley GSA, Delano-Earlimart GSA, Alpaugh GSA, Tri-County Water 
Authority GSA, and Tulare County GSA (see Figure 2-3). 

Communities within the subbasin include Porterville, Tipton, Pixley, Earlimart, Richgrove, Ducor 
and Terra Bella (see Figure 2-2).  Neighboring CDWR Bulletin 118 subbasins include the Kern 
County Subbasin to the south, the Tulare Lake Subbasin to the west, and the Kaweah Subbasin to 
the north.  

2.1 Hydrogeologic Conceptual Model  §354.14 

 

The hydrogeologic conceptual model is a description of the groundwater flow system of the Tule 
Subbasin and how it interacts with surface water and land use of the area.  The conceptual model 
includes a description of the geologic setting, geologic structure, and boundary conditions 
including the principal aquifers and aquitards.  The hydrogeologic conceptual model of the Tule 
Subbasin, as described herein, has been developed in accordance with the requirements of 
California Code of Regulations, Title 23, Division 2, Chapter 1.5, Subchapter 2, Article 5, 
Subarticle 2 (§354.14) and in consideration of California Department of Water Resources’ 
(CDWR) Best Management Practices (BMP) for the preparation of hydrogeologic conceptual 
models.  The hydrogeologic conceptual model forms the basis for the numerical groundwater flow 
model of the subbasin. 

§ 354.12. Introduction to Basin Setting 

This Subarticle describes the information about the physical setting and characteristics of the basin and current 
conditions of the basin that shall be part of each Plan, including the identification of data gaps and levels of 
uncertainty, which comprise the basin setting that serves as the basis for defining and assessing reasonable 
sustainable management criteria and projects and management actions. Information provided pursuant to this 
Subarticle shall be prepared by or under the direction of a professional geologist or professional engineer. 

 

§ 354.14. Hydrogeologic Conceptual Model 

(a) Each Plan shall include a descriptive hydrogeologic conceptual model of the basin based on technical studies 
and qualified maps that characterizes the physical components and interaction of the surface water and 
groundwater systems in the basin. 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

2 
 

2.1.1. Sources of Data 

Compilation, review and analysis of multiple types of data were necessary to develop the 
hydrogeologic conceptual model and water budget of the Tule Subbasin.  The various types of data 
included geology, soils/lithology, hydrogeology, surface water hydrology, climate, crop types/land 
use, topography, remote sensing, and groundwater recharge and recovery.  Data were obtained 
from multiple sources: 

Geological Data including geologic maps and cross sections were obtained from the United States 
Geological Survey (USGS), the California Geological Survey (CGS), and Kenneth D. Schmidt & 
Associates (KDSA) (Schmidt, 2018).  Geophysical logs were obtained from the California 
Division of Oil, Gas and Geothermal Resources (DOGGR), Angiola Water District, Alpaugh 
Irrigation District, Kern-Tulare Water District (KTWD), KDSA, and private well owners. 

Soils/Lithological Data were obtained from drillers’ logs and reports from the CDWR, the City 
of Porterville, the USGS and the United States Department of Agriculture (USDA).  

Hydrogeological Data including groundwater levels and pumping tests were obtained from the 
California Statewide Groundwater Elevation Monitoring (CASGEM) website, the Deer Creek and 
Tule River Authority (DCTRA), Angiola Water District, Alpaugh Irrigation District, KTWD, 
Delano-Earlimart Irrigation District (DEID), the City of Porterville, Kern County Water Agency, 
4Creeks Inc., Schmidt (2011) and Schmidt (2018).  Additional hydrogeological information was 
obtained from USGS reports, Semitropic Water Storage District Groundwater Banking Project 
Biennial Reports, and the Tulare Lake Bed Groundwater Management Plan. 

Groundwater Quality Data including nitrate and electrical conductivity (EC) data from the Tule 
Basin Water Quality Coalition, multiple reports and studies associated with the Tulare Lakebed 
Municipal Delisting program, and contaminants identified in the California State Water Resources 
Control Board Geotracker website (Geotracker, 2018). 

Groundwater Recharge and Recovery Data including spreading basin locations and 
dimensions, artificial recharge, water well construction, well locations, groundwater production, 
surface water diversions, canal losses, and river losses were obtained from Lower Tule River 
Irrigation District (LTRID), CDWR, Tule River Association (TRA) annual reports, and DCTRA 
annual reports. 

Hydrological (i.e. Surface Water) Data consisting of stream gage data along the Tule River, 
Deer Creek, and White River were obtained from the USGS, DCTRA reports and TRA annual 
reports.  Imported water deliveries were obtained from the United States Bureau of Reclamation 
(USBR) and the individual agencies within the subbasin. 

Climate Data was acquired from CDWR’s California Irrigation Management Information System 
(CIMIS) and the Western Regional Climate Center website.  
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Land Use Data was obtained from the CDWR, LTRID, the Kern County Department of 
Agriculture and Measurement Stands, and the USGS Earth Resources Observation and Science 
Center.  Political boundaries were obtained from the California Cal-Atlas Geospatial 
Clearinghouse, Kern-Tulare Water District, and the LTRID. 

In addition to the various types of data, numerous historical reports on the geology, hydrogeology 
and groundwater management of the Tule Subbasin were reviewed and analyzed.  These reports 
included USGS publications, CDWR reports and bulletins, consultant reports, and academic 
publications.  Publications relied on for the hydrogeological conceptual model and water budget 
are summarized in the References Section (Section 2.5). 

2.1.2. Geologic Setting  §354.14 (b)(1) 

 

The Tule Subbasin is located in the Tulare Lake Hydrologic Region of the Central Valley of 
California (see Figure 2-1).  The Central Valley is a geographically significant structural 
depression that extends from the Cascade Range on the north to the Tehachapi Mountains on the 
south (Faunt, 2009). The Central Valley groundwater basin has been subdivided on a regional scale 
into the Sacramento Valley Groundwater Basin north of the Sacramento River Delta, and the San 
Joaquin Valley Groundwater Basin south of the Sacramento River Delta.  The Tulare Lake 
Hydrologic Region is located in the southern portion of the San Joaquin Valley Groundwater 
Basin.  The Tulare Lake Hydrologic Region is defined by a surface water drainage watershed that 
includes the Sierra Nevada Mountains to the east, the Tehachapi Mountains to the south and 
southeast, and the Coast Ranges to the west.  The northern boundary of this hydrologic region is 
defined by the drainage divide between the San Joaquin River to the north and the Kings River to 
the south. 

The portion of the Central Valley structural depression that is beneath the Tulare Lake Hydrologic 
Region is filled with marine and nonmarine sediments, which extend to depths of more than 32,000 
feet in places (Planert and Williams, 1995). The deepest sediments were deposited within a marine 
environment associated with an inland sea that inundated the valley between 200 million years ago 
(Jurassic Period) and 2 million years ago (end of the Tertiary Period) (Croft, 1972).  The deeper 
marine sediments are overlain by as much as 9,000 ft of nonmarine continental deposits associated 
with Quaternary (2 million years to present) lacustrine and alluvial deposition (Planert and 
Williams, 1995).  The current depositional environment consists of multiple coalescing alluvial 

§ 354.14. (b) The hydrogeologic conceptual model shall be summarized in a written description that includes the 
following: 

(1) The regional geologic and structural setting of the basin including the immediate surrounding area, 
as necessary for geologic consistency. 

(2) Lateral basin boundaries, including major geologic features that significantly affect groundwater 
flow. 
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fans along the basin margins with localized lacustrine deposits at the terminus of the fans in the 
central portion of the basin. 

The Tule Subbasin is located on a series of coalescing alluvial fans that extend toward the center 
of the valley from the Sierra Nevada Mountains (see Figure 2-4).  The alluvial fans merge with 
lacustrine deposits of the Tulare Lake bed in the western portion of the subbasin.  Land surface 
elevations within the Tule Subbasin range from approximately 850 ft above mean sea level (amsl) 
along the eastern margins of the subbasin to approximately 180 ft amsl at the western boundary 
(see Figure 2-4).   

Geologic formations observed at the land surface and in the subsurface beneath the Tule Subbasin 
can be grouped into five generalized geologic units, described below in order of increasing age: 

Unconsolidated Continental Deposits – These sediments consist of fluvial (i.e. streambed 
deposits), alluvial, flood plain, and lacustrine (i.e. lake bed) deposits (labeled “surficial 
deposits” on Figure 2-4).  The unconsolidated continental deposits range in thickness from 
0 ft at the eastern contact with the Sierra Nevada Mountains to more than 3,000 ft near the 
margins of Tulare Lake in the western part of the subbasin (see  
Figure 2-5; Lofgren and Klausing, 1969).  Subsurface alluvial sediments consist of highly 
stratified layers of more permeable sand and gravel interbedded with lower permeability 
silt and clay.  Clear correlation of individual sand or clay layers laterally across the Tule 
Subbasin is difficult due to the interbedded nature of the sediments.  However, it is noted 
that the thickness of clay sediments in the upper 1,000 ft below ground surface (bgs) 
generally increases in the vicinity of Tulare Lake.  The unconsolidated continental deposits 
form the primary groundwater reservoir in the Tule Subbasin.   

The unconsolidated continental deposits range in age from recent in near-surface stream 
channels to Upper Pliocene (approximately 2.6 million years before present) at depth.  In 
the eastern portion of the Tule Subbasin, Pleistocene sediments (2.6 million to 11,700 years 
before present) crop out at the land surface along the base of the Sierra Nevada Mountains, 
forming what is referred to as the dissected uplands (Lofgren and Klausing, 1969).  These 
older continental deposits are semi-consolidated and contain a high percentage of clay.  As 
such, they generally do not yield significant water to wells. 

The lowermost portion of unconsolidated continental deposits is generally correlated with 
the Tulare Formation.  The Tulare Formation is notable in that it includes the Corcoran 
Clay, a regionally extensive confining layer that has also been referred to as the “E-Clay” 
(see Figure 2-5) (Frink and Kues, 1954).  The Corcoran Clay consists of a Pleistocene 
diatomaceous fine-grained lacustrine deposit (primarily clay; Faunt, 2009).  In the Tule 
Subbasin, the Corcoran Clay is as much as 150 ft thick beneath the Tulare Lake bed but 
becomes progressively thinner to the east, eventually pinching out immediately east of 
Highway 99 (Lofgren and Klausing, 1969). 
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Pliocene Marine Deposits – These sediments underlie the continental deposits and consist 
of consolidated to loosely consolidated marine siltstone with minor interbedded sandstone 
beds.  The marine siltstone unit thickens to the west, ranging from approximately 500 ft 
thick near State Highway 65 to more than 1,600 ft beneath State Highway 99 (Lofgren and 
Klausing, 1969; see Figures 2-5 and 2-6).  The marine siltstone beds dip sharply from the 
base of the Sierra Nevada Mountains on the east to the central portion of the valley in the 
west. The Pliocene marine strata have relatively low permeability and do not yield 
significant water to wells. 

Santa Margarita Formation – This formation occurs beneath the Pliocene marine strata 
and consists of Miocene (approximately 5.3 to 23 million years before present) sand and 
gravel that is relatively permeable and yields water to wells.  The formation is 
approximately 150 to 520 feet thick and occurs at depths ranging from 1,200 feet near State 
Highway 65 to greater than 3,000 feet beneath State Highway 99.  This formation is a 
significant source of groundwater to wells in the southeastern portion of the Tule Subbasin 
near the community of Richgrove. 

Tertiary Sedimentary Deposits – Beneath the Santa Margarita Formation exists an 
interbedded assemblage of semi-consolidated to consolidated sandstone, siltstone and 
claystone of Tertiary age (approximately 2.6 to 66 million years before present).  Some 
irrigation wells in the southeastern part of the Tule Subbasin are known to produce fresh 
water from the Olcese Sand Formation, which is in the uppermost portion of the unit (Ken 
Schmidt, 2019.  Personal Communication).  The water quality of the groundwater in the 
Tertiary sedimentary deposits becomes increasingly saline to the southwest and most of 
the groundwater in the unit is not useable for crop irrigation or municipal supply except 
near Highway 65.   

Granitic Crystalline Basement – Sedimentary deposits beneath the Tule Subbasin are 
underlain by a basement consisting of Mesozoic granitic rocks that compose the Sierra 
Nevada batholith (Faunt, 2009).  At depth, the basement rocks are assumed to be relatively 
impermeable. 

There are no significant faults mapped in the Tule Subbasin that would form a groundwater flow 
barrier or affect groundwater flow. 

2.1.3. Lateral Basin Boundaries  §354.14 (b)(2) 

The lateral boundaries of the Tule Subbasin are defined in CDWR Bulletin 118 and include both 
natural and political boundaries.  The eastern boundary of the Tule Subbasin is defined by the 
surface contact between crystalline rocks of the Sierra Nevada and surficial alluvial sediments that 
make up the groundwater basin (see Figure 2-4).  The northern boundary is defined by the LTRID 
and Porterville Irrigation District (PID) boundaries.  The western boundary is defined by the Tulare 
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County/Kings County boundary, except for a portion of the Tulare Lake Basin Water Storage 
District that extends east across the county boundary and is excluded from the subbasin.  The 
southern boundary is defined by the Tulare County/Kern County boundary except for the portion 
of the Delano-Earlimart Irrigation District (DEID) that extends south of the county boundary and 
is included in the subbasin.  The total area of the Tule Subbasin is approximately 744 square miles 
(475,895 acres). 

2.1.4. Bottom of Basin  §354.14 (b)(3) 

 

The physical bottom of the Tule Subbasin is defined by the interface between the Tertiary 
sedimentary deposits and the relatively impermeable granitic bedrock below them.  This depth 
ranges from zero at the eastern margins of the subbasin where the continental deposits meet the 
granitic bedrock to approximately 5,000 feet below ground surface in the western portion of the 
subbasin (Planert and Williams, 1995).   

The physical bottom of the subbasin is deeper than the bottom of the fresh water aquifer.   The 
total dissolved solids (TDS) concentration of the groundwater generally increases with increasing 
depth such that below a certain level, the groundwater is not suitable for municipal, irrigation or 
other beneficial uses.  Accordingly, a better measure of the bottom of the basin is the fresh 
water/brackish water interface, as defined in Page (1973) by an electrical conductivity of 3,000 
micromhos per centimeter (mohs/cm), which is approximately correlative to a total dissolved 
solids (TDS) concentration of 2,000 milligrams per liter (mg/L). 

In the Tule Subbasin, the fresh water/brackish water interface varies across the subbasin but is 
generally 1,500 to 3,000 feet below land surface (Page, 1973; Planert and Williams, 1995).  The 
deepest fresh water occurs in the western portion of the Tule Subbasin.  Agricultural irrigation 
wells in the western Tule Subbasin are as deep as 1,500 feet and some agricultural wells west of 
the Tulare/Kings County boundary are as deep as 2,200 feet.  The bottom of the effective 
groundwater basin, based on the fresh water/brackish water interface, is shown on Figures 2-5 and 
2-6.  

§ 354.14. (b) (3) The definable bottom of the basin. 
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2.1.5. Surface Water Features  §354.14 (d)(5) 

 

2.1.5.1. Tulare Lake 

Although now largely a dry lake bed, prior to the mid-1800s Tulare Lake was the largest fresh 
water lake, by area, west of the Mississippi River.  The original area of the lake was approximately 
570 square miles and was fed from surface water discharges at the terminus of the Kern River, 
Tule River, Kaweah River, and Kings River.  Beginning in the mid-1800s, surface water from the 
rivers feeding the lake was diverted for agricultural irrigation and municipal supply.  By 1900, the 
lake was dry except for residual marshes and wetlands and occasional flooding.  This condition 
continues to the present. 

2.1.5.2. Lake Success 

Lake Success is a manmade reservoir created by the construction of Success Dam that was 
completed in 1961 and serves as a flood control and water conservation project for the Tule River.  
Success dam and reservoir are managed by the United States Army Corps of Engineers (ACOE).  
Water storage in Lake Success is subject to the ACOE’s flood control diagram and released as 
directed by the ACOE and downstream water rights holders as administered by the Tule River 
Association (TRA), in accordance with the Tule River Water Diversion Schedule and Storage 
Agreement (TRA, 1966). 

2.1.5.3. Tule River 

The Tule River is the largest natural drainage feature in the Tule Subbasin.  From its headwaters 
in the Sierra Nevada Mountains, the Tule River flows first into Lake Success and then, through 
controlled releases at the dam, flows through the City of Porterville where it is diverted at various 
points before flowing into the LTRID.  A significant diversion point is the Porter Slough, which 
flows to the north and semi-parallel to the main river channel and is used to convey surface water 
to various recharge facilities and canals.  Downstream of Porterville, the Tule River ultimately 
discharges onto the Tulare Lakebed during periods of above-normal precipitation.  Stream flow is 
measured via gages located below Success Dam, at Rockford Station downstream of Porterville, 
and at Turnbull Weir (see Figure 2-7).  From water years 1986/87 to 2016/17, releases from Lake 
Success to the Tule River, quantified in TRA annual reports as the sum of Pioneer Water Company 
diversion and stream flow at the Below Success Dam gage, has ranged from 8,820 acre-ft in water 
year 2014/15 to 439,125 acre-ft in water year 1997/98 with an annual average during this time 
period of approximately 118,300 acre-ft. 

§ 354.14. (d) (5) Surface water bodies that are significant to the management of the basin. 
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Releases of water below Lake Success dam are diverted from the Tule River channel at various 
locations in accordance with TRA (1966).  Diversion points along the river are located at the Porter 
Slough headgate, Campbell and Moreland Ditch Company, Vandalia Water District, Poplar 
Irrigation Company, Hubbs and Miner Ditch Company, and Woods-Central Ditch Company.    The 
lower portion of the Tule River channel is also used as a conveyance mechanism to convey 
imported water from the Friant-Kern Canal to the PID and LTRID.  Within the PID and LTRID, a 
combination of natural stream flow and imported water are further diverted into unlined canals for 
distribution to artificial recharge basins and farmers.  Any residual stream flow left in the Tule 
River after diversions is measured at the Turnbull Weir, located at the west end of the LTRID (see  
Figure 2-7). 

2.1.5.4. Deer Creek 

Deer Creek is a natural drainage that originates in the Sierra Nevada Mountains, flowing in a 
westerly direction north of Terra Bella and into Pixley (see Figure 2-7).  Although the Deer Creek 
channel extends past Pixley, discharges rarely reach the historical Tulare Lakebed.  Stream flow 
in Deer Creek has been measured at the USGS gaging station at Fountain Springs from 1968 to 
present time.  Average annual flow at this gage between water year 1986/87 and 2016/17 was 
approximately 17,800 acre-ft/yr with a low of approximately 2,000 acre-ft in water year 2014/15 
and a high of approximately 88,000 acre-ft in water year 1997/98.  Stream flow has also been 
measured at a second USGS gaging station on Deer Creek at Terra Bella although the period of 
record (1971 through 1987) is not as complete as the station at Fountain Springs.  Friant-Kern 
Canal water is also diverted and monitored into Deer Creek and again measured at Trenton Weir 
before being delivered to riparian lands via unlined canals (see Figure 2-7).  During wet years, 
water that reaches the terminus of Deer Creek is discharged into the Homeland Canal. 

2.1.5.5. White River 

The White River drains out of the Sierra Nevada Mountains east of the community of Richgrove 
in the southern portion of the Tule Subbasin (see Figure 2-7).  Stream flow in the White River has 
been measured at the USGS gaging station near Ducor from 1972 to 2005.  Data after 2005 has 
been interpolated.  Average annual flow between water year 1986/87 and 2016/17 was 
approximately 5,800 acre-ft/yr with a low of approximately 250 acre-ft in water year 2014/15 and 
a high of approximately 37,000 acre-ft in 1997/98.  The White River channel extends as far as 
State Highway 99 but does not reach the historical Tulare Lakebed. 
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2.1.5.6. Imported Water §354.14 (d)(6) 

 

Most of the water imported into the Tule Subbasin is from the Central Valley Project (CVP) and 
delivered via the Friant-Kern Canal (see Figure 2-7).  Angiola Water District also imports water 
from other various sources including the King’s River and State Water Project.  The water is 
delivered to farmers and recharge basins via the Tule River and Deer Creek channels, unlined 
canals, and pipeline distribution systems of PID, LTRID, Terra Bella Irrigation District, Teapot 
Dome Water District, DEID, and Saucelito Irrigation District.  

Distribution of stream flow diversions and imported water occur via a system of manmade canals 
and pipeline distribution systems that extend throughout the Tule Subbasin.  The largest of these 
is the Friant-Kern Canal, which supplies imported water through the Federal Central Valley Project 
(CVP).  The Friant-Kern Canal is concrete lined and trends approximately north-south through the 
eastern part of the Tule Subbasin (see Figure 2-7).  Numerous other canals and pipeline distribution 
systems are located within the Tule Subbasin to convey surface water from the Friant-Kern Canal, 
Tule River and Deer Creek to various recharge facilities and agricultural areas.  The canals are 
unlined and occur primarily in the LTRID, Pixley Irrigation District, PID, Alpaugh Irrigation 
District, and Atwell Island Water District.  The Angiola Water District receives deliveries from 
the Tule River and Kings River via the Homeland Canal and distributes that water via an internal 
system of unlined canals.  

Many of the irrigation districts and water districts in the Tule Subbasin that receive imported water 
from the Friant-Kern Canal distribute the water exclusively via pipeline distribution systems.  
These districts include the Delano-Earlimart Irrigation District, Kern-Tulare Water District, Terra 
Bella Irrigation District, Saucelito Irrigation District, and Tea Pot Dome Water District.  

2.1.6. Areas of Groundwater Recharge and Discharge §354.14 (d)(4) 

 

Groundwater recharge in the Tule Subbasin occurs within stream channels, unlined canals, in 
managed recharge basins, and in areas of the subbasin with irrigated agriculture.  Favorable areas 
for deep percolation of surface water are characterized by relatively permeable surface soils (see 
Figure 2-8), and lack of subsurface impediments to groundwater recharge.   

The University of California at Davis has developed a Soil Agricultural Groundwater Banking 
Index (SAGBI) that identifies favorable areas of recharge based on deep percolation potential, root 

§ 354.14. (d) (6) The source and point of delivery for imported water supplies. 

 

§ 354.14. (d) (4) Delineation of existing recharge areas that substantially contribute to the replenishment 
of the basin, potential recharge areas, and discharge areas, including significant active springs, seeps, 
and wetlands within or adjacent to the basin. 
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zone residence time, topography, chemical limitations, and soil surface condition.  The SAGBI 
zones for the Tule Subbasin are shown on Figure 2-9.  In general, the most favorable areas for 
recharge are within the stream channels of the Tule River, Deer Creek and White River, in the 
Porterville area, and in a north-south zone in the west-central portion of the subbasin.  Areas that 
are not favorable for deep percolation of surface water and recharge of groundwater are in the 
furthest east portion of the subbasin along the base of the Sierra Nevada Mountains and in the 
furthest west portion of the subbasin coincident with Tulare Lake lacustrine deposits.  It is noted 
that the SAGBI zones shown on Figure 2-9 are limited to the surface deposits and any areas to be 
considered for additional recharge basins should be further investigated with boreholes and 
recharge tests to confirm the recharge potential of the location.   

There are no areas of groundwater discharging at the land surface in the Tule Subbasin due to the 
depth of the groundwater.  The primary source of groundwater discharge is pumping from wells 
(see Section 2.3.1.1.4), which occurs across most of the subbasin. 

2.1.7. Principal Aquifers and Aquitards  §354.14 (b)(4) 

 

2.1.7.1 Aquifer Formations  §354.14 (b)(4)(A) 

In general, there are five general aquifer/aquitard units in the subsurface beneath the Tule Subbasin 
(see Figures 2-5 and 2-6): 

1. Upper Aquifer 
2. The Corcoran Clay Confining Unit 
3. Lower Aquifer 
4. Pliocene Marine Deposits (generally considered an aquitard) 
5. Santa Margarita Formation and Olcese Formation of the Southeastern Subbasin 

§ 354.14. (b) (4) Principal aquifers and aquitards, including the following information: 

(A) Formation names, if defined. 

(B) Physical properties of aquifers and aquitards, including the vertical and lateral extent, 
hydraulic conductivity, and storativity, which may be based on existing technical studies or 
other best available information. 

(C) Structural properties of the basin that restrict groundwater flow within the principal aquifers, 
including information regarding stratigraphic changes, truncation of units, or other features. 

(D) General water quality of the principal aquifers, which may be based on information derived 
from existing technical studies or regulatory programs. 

(E) Identification of the primary use or uses of each aquifer, such as domestic, irrigation, or 
municipal water supply. 
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The upper aquifer occurs across the entire Tule Subbasin area.  This aquifer is generally unconfined 
to semi-confined.  The upper aquifer occurs in the upper 450 ft of sediments on the western side 
of the subbasin and shallows to the east to less than approximately 100 ft of sediments in the 
Porterville area.  In the southeastern portion of the basin, the upper aquifer is generally considered 
unsaturated although there may be local areas of groundwater. 

The Corcoran Clay confining unit occurs beneath the upper aquifer in the western half of the Tule 
Subbasin (see Figures 2-4, 2-5 and 2-6).  This unit consists primarily of blue or green diatomaceous 
clay although in places it is interbedded with sandy sediments.  The Corcoran Clay is thickest in 
the western part of the subbasin and thins to the east, pinching out approximately two to three 
miles east of State Highway 99 (see Figure 2-4).  It is noted that, in places, the Corcoran Clay, as 
formally defined in Frink and Kues (1954) and later Davis et al. (1959), is bounded above and 
below by fine-grained clay not specifically associated with the Corcoran Clay.  As such, the 
thickness of the Corcoran Clay unit, as shown on Figures 2-5 and 2-6 has been defined to include 
these adjacent clays.  

The lower aquifer extends across the entire western portion of the Tule Subbasin and beneath the 
northeastern portion of the subbasin.  The total depth of this aquifer ranges from approximately 
400 bgs in the eastern Tule Subbasin to more than 2,000 feet in the western portion of the subbasin.  
This aquifer is confined beneath the Corcoran Clay where this confining layer exists, and beneath 
other clay lenses in other parts of the subbasin.  The lower aquifer system is conceptualized to be 
semi-confined in the northeastern portion of the subbasin east of the Corcoran Clay. 

In the southeastern portion of the Tule Subbasin, the lower aquifer is separated from the underlying 
Santa Margarita Formation aquifer by a relatively thick (500 to 1,600 feet) layer of Pliocene marine 
deposits.  These deposits consist primarily of siltstone with minor interbedded sandstone and are 
conceptualized as a confining unit that separates the deep alluvial aquifer from the Santa Margarita 
Formation aquifer.  Some wells in the southeastern portion of the Tule Subbasin are perforated 
partially within this unit but the contribution of groundwater from the formation is low (Lofgren 
and Klausing, 1969). 

The Santa Margarita Formation and Olcese Formation underlie the Pliocene marine deposits and 
forms a localized aquifer in the southeastern portion of the Tule Subbasin.  This aquifer is a primary 
source of groundwater for agricultural irrigation in the southeastern portion of the subbasin.  The 
aquifer is relatively permeable and well yields greater than 1,500 gallons per minute have been 
reported (Kern-Tulare Water District, 2018).  Until additional data are collected, this localized 
aquifer is conceptualized as hydrologically separate from the deep aquifer in the rest of the 
subbasin. 
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2.1.7.2 Aquifer Physical Properties §354.14 (b)(4)(B) 

Where saturated in the subsurface, the permeable sand and gravel layers form the principal aquifers 
in the Tule Subbasin and adjacent areas to the north, south and west.  Individual aquifer layers 
consist of lenticular sand and gravel deposits of varying thickness and lateral extent.  The aquifer 
layers are interbedded with low permeability silt and clay lenses.  In general, shallow saturated 
sediments in the Tule Subbasin are unconfined to semi-confined.  The aquifer beneath the 
Corcoran Clay unit in the western portion of the basin is confined.  The hydrologic characteristics 
of the deeper aquifer system in the western portion of the subbasin are unknown but are expected 
to change with depth.  

The ability of aquifer sediments to transmit and store water is described in terms of the aquifer 
parameters transmissivity, hydraulic conductivity, and storativity.  The most reliable estimates of 
these parameters are obtained from long-term (e.g. 24-hr or more constant rate) controlled 
pumping tests in wells.  In the absence of this type of test, estimates can be obtained through short-
term pumping tests and/or assignment of literature values based on the soil types observed in 
driller’s logs.  Long-term pumping test data was obtained from KDSA and DEID for wells located 
in the southern part of the subbasin.  Short-term pumping test data was obtained from driller’s 
logs, KDSA for Angiola Water District and City of Porterville wells, and KTWD for selected 
wells.  Where pumping test data were not available, aquifer parameters were assigned from 
literature values in published in Faunt (2009). 

Transmissivity is a measure of the ability of groundwater to flow within an aquifer and is defined 
as the rate of groundwater flow through a unit width of aquifer under a unit hydraulic gradient 
(Fetter, 1994).  Transmissivity was estimated from short-term pumping test data based on Theis et 
al., 1963 and the following relationship: 

𝑇 =  
𝑆𝑐 𝑥 2,000

𝐸
 

Where: 

  T  =  Transmissivity (gpd/ft); 
  Sc  =  Specific Capacity (gpm/ft); 
  E  = Well Efficiency (assumed to be 0.7) 

Transmissivity values at individual wells were converted into hydraulic conductivity (i.e. aquifer 
permeability) by dividing by the aquifer thickness (in this case the perforation interval of the well).  
Horizontal hydraulic conductivity values for the upper aquifer are shown on Figure 2-10 and range 
from less than 5 ft/day to greater than 160 ft/day, the higher values indicating more permeable 
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sediments.  Hydraulic conductivity values for the lower aquifer are shown on Figure 2-11 and 
range from less than 5 ft/day to greater than 80 ft/day.   

Storage properties of the upper aquifer are expressed in terms of specific yield since the majority 
of this aquifer is conceptualized as unconfined.  Specific yield is the ratio of the volume of water 
sediment will yield by gravity drainage to the volume of the sediment.  Specific yield values for 
the upper aquifer were assigned based on a USGS texture analysis published in Faunt (2009).  
Textural descriptions describe the percent coarse-grained sediment as inferred from drillers’ logs 
from boreholes or wells drilled within or immediately outside the Tule Subbasin.  Higher percent 
coarse-grained sediment descriptions are correlated with higher specific yield (see Figure 2-12).  
As shown, higher percent coarse-grained sediments are observed in the upper aquifer through most 
of the Tule Subbasin with the exception of the southwestern portion.  Values of specific yield for 
the upper aquifer range from 0.05 to greater than 0.2. 

The lower aquifer in the Tule Subbasin is confined to semi-confined and, as such, storage 
properties for this aquifer are expressed in terms of storativity.  Storativity is a measure of the 
volume of water an aquifer can release from, or take into, storage per unit of aquifer surface area 
per unit change in hydraulic head.  Storativity is derived from long-term pumping tests where 
pumping interference is measured in a monitoring well located a known distance from the pumping 
well.  As no pumping interference data are available for the Tule Subbasin, storativity values for 
the lower alluvial aquifer were originally based on values published in Faunt (2009) and modified 
during calibration of the numerical model for the Tule Subbasin.  Values for storativity in the deep 
aquifer range from 0.00015 to 0.001 (see Figure 2-13).  These values indicate confined to semi-
confined aquifer conditions. 

2.1.7.3 Geologic Structures that Affect Groundwater Flow   §354.14 (b)(4)(C) 

There are no significant faults mapped in the Tule Subbasin that affect groundwater flow. 

The Corcoran Clay unit is the most significant geologic feature that affects vertical groundwater 
flow in the Tule Subbasin.  In general, the aquifer system above the clay unit is unconfined to 
semi-confined and the aquifer system below it is confined.  The hydraulic head in the upper aquifer 
is higher than that of the lower aquifer, such that there is vertical downward hydraulic gradient 
between the two.  Despite the low vertical hydraulic conductivity of the Corcoran Clay, the area 
for downward flow is large (hundreds of thousands of acres), and the vertical gradients are 
relatively steep (commonly 20 to 40 feet per 100 feet).  This allows for significant downward flow 
of water through the clay on a regional basis.  In addition, many wells in the subbasin are perforated 
across both the upper and lower aquifers (composite wells) creating communication between the 
two.  As such, these wells facilitate some recharge of the lower aquifer from the upper aquifer.  
East of the Corcoran Clay, other localized confining beds are present that separate the upper aquifer 
from the lower aquifer. 
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2.1.7.4 Aquifer Water Quality  §354.14 (b)(4)(D) 

Groundwater quality in the Tule Subbasin varies across the subbasin and with depth in the aquifer 
system.  Overall, the native groundwater quality is generally very good, with historical EC 
measurements generally less than approximately 600 mohs/cm (Tule Basin Water Quality 
Coalition, 2017) (see Figure 2-14).  Groundwater quality issues in the subbasin include both 
regional non-point sources of groundwater quality degradation and point-source contaminant 
issues.   

On a regional level, non-point source constituents of concern for groundwater quality include 
nitrate, pesticides, 1,2-dibromo-3-chloropropane (DBCP), and 1,2,3, tricholoropropane (TCP) in 
the upper aquifer and arsenic, manganese, and, hydrogen sulfide for the lower aquifer.  In the 
western part of the subbasin, color and methane gas are also non-point constituents of concern. 

Nitrate is the primary non-point constituent of concern (Tule Basin Water Quality Coalition, 2017).  
Historical nitrate concentrations (reported as nitrate) in the subbasin range from non-detect to 
greater than 300 mg/L (see Figure 2-15).  The highest nitrate concentrations have been detected in 
shallow groundwater in the northwest portion of the subbasin and are likely correlated with 
overlying land use. 

Wells from which elevated EC values have been detected above the subbasin average occur in 
shallow groundwater in the northwest and southwest portions of the subbasin (see Figure 2-14).  
High EC values measured in groundwater in the northwest part of the subbasin are likely associated 
with overlying land use.  High EC has also been detected in shallow and locally perched 
groundwater in the southwestern part of the subbasin.  This area of the subbasin is on the historical 
Tulare Lakebed where the Regional Water Quality Control Board – Central Valley Region and 
California State Water Resources Control Board (SWRCB) has removed the municipal and 
agricultural beneficial use designation (SWRCB, 2017).   

For point-source contaminants, there are 26 active cleanup sites in the Tule Subbasin identified on 
the California Geotracker website (see Figure 2-16; Table 2-1).  Twelve of the point source 
contamination sites are associated with leaking underground storage tanks (LUSTs) for which the 
primary contaminant is petroleum hydrocarbons (gasoline, diesel and kerosene).  There are 14 
Regional Water Quality Control Board Cleanup Program or Department of Toxic Substance 
Control (DTSC) sites within the subbasin (see Figure 2-16).  Contaminants associated with these 
sites include metals, volatile organic compounds (VOCs), pesticides, herbicides, cyanide, and 
polyaromatic hydrocarbons (PAHs).  Groundwater contaminant plumes associated with these sites 
are highly localized.   
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2.1.7.5 Aquifer Primary Uses  §354.14 (b)(4)(E) 

The predominant beneficial use of groundwater in the Tule Subbasin is agricultural irrigation. 
Other beneficial uses include municipal water supply, private domestic water supply, and livestock 
washing and watering. 

2.1.8. Uncertainty in the Hydrogeologic Conceptual Model  §354.14 (b)(5) 

 

The primary sources of uncertainty in the hydrogeologic conceptual model include: 

• Knowledge of the hydraulic interaction between the shallow and deep aquifer 
• Lack of aquifer-specific groundwater levels with adequate spatial distribution to enable 

preparation of representative groundwater level maps of each aquifer in parts of the 
subbasin 

• Characteristics of the Santa Margarita Formation aquifer 
• Groundwater underflow into the alluvial aquifer system from the Sierra Nevada mountain 

block 
• Aquifer characteristics of hydraulic conductivity, transmissivity and storativity 
• Agricultural groundwater pumping 
• Well construction and pumping distribution between the shallow and deep aquifers 
• Canal seepage 
• Travel time for recharge from the land surface through the unsaturated zone to the 

groundwater 

Uncertainty in the hydrogeologic conceptual model is being addressed through a sensitivity and 
uncertainty analysis of the numerical model results from the Tule Subbasin model (TH&Co, 2019) 
(see Section 2.3.2.7).   

2.2 Groundwater Conditions  §354.16 

 

§ 354.14. (b) (5) Identification of data gaps and uncertainty within the hydrogeologic conceptual model 

 

§ 354.16. Groundwater Conditions 

Each Plan shall provide a description of current and historical groundwater conditions in the basin, including data 
from January 1, 2015, to current conditions, based on the best available information that includes the following: 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

16 
 

2.2.1 Groundwater Occurrence and Flow  §354.16 (a) 

 

In general, groundwater in the Tule Subbasin flows from areas of natural recharge along major 
streams at the base of the Sierra Nevada Mountains on the eastern boundary towards a groundwater 
pumping depression in the west-central portion of the subbasin (see Figures 2-17 and 2-18).  The 
pumping depression has reversed the natural groundwater flow direction in the western portion of 
the subbasin, inducing subsurface inflow along the southern and western boundaries.    

In the upper aquifer, the pumping depression is most pronounced between the Tule River and Deer 
Creek west of Highway 99 and east of Highway 43.  The pumping depression has persisted in this 
area since at least 1987, even during periods of above-normal precipitation when groundwater 
levels temporarily recovered.  Recharge from the Tule River results in a groundwater flow divide 
in the upper aquifer along the northern boundary of the Tule Subbasin.  As such, upper aquifer 
groundwater on the north side of the river flows to the north and out of the subbasin.  Groundwater 
flow patterns in the upper aquifer have generally not changed significantly since 1990. 

In the lower aquifer, groundwater flows to the southwest toward a pumping depression in the 
western portion of the subbasin (see Figure 2-19).  This pumping depression extends from west of 
Corcoran in the northwest to the Alpaugh area in the southwestern Tule Subbasin west of Highway 
43.  There is inadequate data to prepare groundwater contour maps specific to the lower aquifer 
for spring and fall of 2017.  The groundwater contour map provided on Figure 2-19 for 2010 is the 
most recent year for which data were available to prepare a contour map. 

Groundwater level changes over time can be observed from hydrographs developed from wells 
monitored in the Tule Subbasin.  Despite a relatively wet hydrologic period between 1995 and 
1999 and periodic wet years (2005 and 2011), groundwater levels in upper aquifer wells show a 
persistent downward trend between approximately 1987 and 2017 (see Figure 2-20).  Groundwater 
level trends in wells perforated exclusively in the lower aquifer vary depending on location in the 
subbasin.  In the northwestern part of the subbasin, lower aquifer groundwater levels have shown 
a persistent downward trend from 1987 to 2017.  In the southern part of the subbasin, groundwater 
levels were relatively stable between 1987 and 2007 but began declining after 2007 (see  
Figure 2-21).   

Comparisons of hydrographs from wells perforated in the upper aquifer with wells perforated 
predominantly in the lower aquifer and in close proximity show that groundwater levels in the 

§ 354.16. (a) Groundwater elevation data demonstrating flow directions, lateral and vertical gradients, and 
regional pumping patterns, including: 

(1) Groundwater elevation contour maps depicting the groundwater table or potentiometric surface 
associated with the current seasonal high and seasonal low for each principal aquifer within the basin. 

(2) Hydrographs depicting long-term groundwater elevations, historical highs and lows, and hydraulic 
gradients between principal aquifers. 
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upper aquifer are higher than groundwater levels in the lower aquifer (see Figure 2-22).  This 
indicates a downward hydraulic gradient and indicates that the upper aquifer is recharging the 
lower aquifer of the Tule Subbasin.  This is corroborated by depth-specific isolated aquifer zone 
testing conducted by the City of Porterville in three wells in which the equilibrated groundwater 
level (i.e. hydraulic head) in the deepest isolated zones, which also correspond to the lower aquifer, 
were as much as 180 ft lower than the groundwater level in the shallowest isolated zones (Schmidt, 
2009).  Faunt (2009) has suggested that the recharge of the lower aquifer via wells that are 
perforated across both aquifers has increased with the number of deep wells constructed in the San 
Joaquin Valley. 

2.2.2 Groundwater Storage  §354.16 (b) 

 

Changes in groundwater storage within the Tule Subbasin have been estimated through analysis 
of the water budget for the subbasin.  Annual change in groundwater storage in the subbasin 
between 1986/87 and 2016/17 is shown in Table 2-3 and is graphically presented on Figure 2-23.  
Comparison of the groundwater inflow elements of the water budget with the outflow elements 
shows a cumulative change in groundwater storage over the 31-year period between 1986/87 and 
2016/17 of approximately -4,948,000 acre-ft.  The average annual change in storage resulting from 
the groundwater budget is approximately -160,000 acre-ft/yr over this time period. 

2.2.3 Seawater Intrusion  §354.16 (c) 

 

Seawater intrusion cannot occur in the Tule Subbasin due to its location with respect to the Pacific 
Ocean.  The Tule Subbasin is approximately 110 miles inland of the Pacific Ocean (see  
Figure 2-1) and is separated from the ocean by approximately 90 miles of sedimentary rocks that 
make up the Coast Ranges.  These sedimentary rocks effectively separate the Pacific Ocean 
hydraulically from the aquifer system in the San Joaquin Valley.  Further, the Coast Ranges are 
dissected by multiple northwest trending faults, the largest of which is the San Andreas Fault.  
These faults form groundwater flow barriers, which further act to separate the San Joaquin Valley 
aquifers from the Pacific Ocean.  Accordingly, groundwater pumping in the Tule Subbasin cannot 
induce seawater intrusion. 

§ 354.16. (b) A graph depicting estimates of the change in groundwater in storage, based on data, demonstrating 
the annual and cumulative change in the volume of groundwater in storage between seasonal high groundwater 
conditions, including the annual groundwater use and water year type. 

§ 354.16. (c) Seawater intrusion conditions in the basin, including maps and cross-sections of the seawater 
intrusion front for each principal aquifer. 
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2.2.4 Groundwater Quality Issues  §354.16 (d) 

 

The primary groundwater quality issues that could affect the beneficial uses of groundwater in the 
Tule Subbasin are nitrate and pesticides.  Nitrate concentrations in excess of the Maximum 
Contaminant Level (MCL) of 45 mg/L have been detected in some wells, particularly in the 
northwest portion of the subbasin (see Figure 2-15).  While nitrate is not an issue for agricultural 
irrigation or dairy supply, elevated nitrate in groundwater from small domestic supply wells could 
limit the beneficial use of water where these wells are impacted. 

There are 26 active cleanup sites in the Tule Subbasin identified on the California Geotracker 
website (see Figure 2-16; Table 2-1).  Twelve of the point source contamination sites are associated 
with LUSTs for which the primary contaminant is petroleum hydrocarbons (gasoline, diesel and 
kerosene).  There are 14 Regional Water Quality Control Board Cleanup Program or Department 
of Toxic Substance Control (DTSC) sites within the subbasin (see Figure 2-16).  Contaminants 
associated with these sites include metals, VOCs, pesticides, herbicides, cyanide, and PAHs.   

2.2.5 Land Subsidence  §354.16 (e) 

 

Land surface subsidence in the Tule Subbasin as a result of lowering the groundwater level from 
groundwater production has been well documented (Ireland et al., 1984; Faunt, 2009; Luhdorff 
and Scalmanini, 2014).  Prior to 1970, as much as 12 ft of land surface subsidence was documented 
for the area immediately south of Pixley (Ireland et al., 1984).  As groundwater levels rose in the 
area throughout the 1970s and early 1980s, land subsidence was largely arrested.  During this time, 
monitoring for land subsidence that had previously been conducted along the portion of the Friant-
Kern Canal that is within the Tule Subbasin was discontinued. 

From the late 1980s into the 2000s, it is suspected that land subsidence in the Tule Subbasin was 
reactivated as groundwater levels declined.  Groundwater flow model simulations of land 
subsidence in the Central Valley by Faunt et al. (2009), which were calibrated to historical land 
subsidence that occurred in the 1960s, simulated an additional two to four feet of land subsidence 
between 1986 and 2003.   

The reactivation of land subsidence was confirmed in the late 2000s based on data from 
Interferometric Synthetic Aperture Radar (InSAR) satellites and one Global Positioning System 
(GPS) station located in Porterville, California.  InSAR data showed as much as four feet of 

§ 354.16. (d) Groundwater quality issues that may affect the supply and beneficial uses of groundwater, including 
a description and map of the location of known groundwater contamination sites and plumes. 

 

§ 354.16. (e) The extent, cumulative total, and annual rate of land subsidence, including maps depicting total 
subsidence, utilizing data available from the Department, as specified in Section 353.2, or the best available 
information. 

. 
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additional land subsidence occurring in the northwestern portion of the Tule Subbasin between 
2007 and 2011 (see Figure 2-24) (Luhdorff and Scalmanini, 2014).  Approximately 0.4 ft of land 
subsidence occurred in the Porterville area between 2007 and 2011.  From 2015 through 2018, 
land subsidence in the Tule Subbasin, as observed from InSAR data, continued with as much as 
2.75 ft of additional land subsidence in the northwest portion of the subbasin and as much as 0.75 
ft of additional land subsidence at the Porterville GPS station (see Figure 2-25).  Based on 
benchmarks located along the Friant-Kern Canal and monitored by the Friant Water Authority, 
cumulative land subsidence along the canal between 1959 and 2017 has ranged from 
approximately 1.7 ft in the Porterville area to 9 feet in the vicinity of Deer Creek (see Figure 2-24). 

For the time period between 1987 and 2018, cumulative subsidence across the Tule Subbasin was 
estimated (in feet) based on model simulation results of land subsidence using a groundwater flow 
model equipped with a subsidence simulation package calibrated to observed land subsidence from 
InSAR and GPS data.  The highest cumulative land subsidence for the time period was estimated 
for the northwestern portion of the subbasin where approximately 12 feet was simulated.  The 
lowest rates of land subsidence were observed in the southeast portion of the subbasin between 
Delano and Richgrove where less than one foot of cumulative land subsidence was simulated.    

The rate of land subsidence in the Tule Subbasin varies both spatially, according the geology of 
the subsurface sediments, and temporally with changes in groundwater levels.  The average rate 
of change in land surface elevation between 1987 and 2018 for the area of maximum subsidence 
was estimated to be approximately 12 feet over the 32-year period for a rate of 0.4 ft/yr.  At the 
Porterville GPS station, the annual rate of subsidence between 2006 and 2013 was approximately 
0.09 ft/yr but increased to approximately 0.29 ft/yr between 2013 and 2019 (see Figure 2-25). 

2.2.6 Interconnected Surface Water Systems  §354.16 (f) 

 

Interconnected surface water is surface water that is hydraulically connected at any point by a 
continuous saturated zone to the underlying aquifer and the overlying surface water is not 
completely depleted.  As of January 2015, there are no areas within the Tule Subbasin where the 
depth to groundwater is within 25 ft of the land surface (see Figure 2-26).  Based on the depth to 
groundwater, it is assumed that an unsaturated zone exists between surface water features and the 
aquifer system during average and dry periods.  It is noted that there may be periods of time when 
the groundwater level temporarily rises to within 25 feet of the land surface in only a few relatively 
small areas of the Tule Subbasin, namely along the Tule River in and upstream of Porterville, and 
in the upper reaches of Deer Creek and White River.  However, this condition, if it occurs, would 

§ 354.16. (f) Identification of interconnected surface water systems within the basin and an estimate of the quantity 
and timing of depletions of those systems, utilizing data available from the Department, as specified in Section 
353.2, or the best available information. 
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be temporary and is not the normal hydrologic relationship between surface water and groundwater 
in these areas. 

2.2.7 Groundwater Dependent Ecosystems  §354.16 (g) 

 

Groundwater dependent ecosystems require shallow groundwater or groundwater that discharges 
at the land surface.  Throughout the Tule Subbasin, the depth to groundwater is well below the 
level required to support riparian vegetation (vegetation that draws water directly from 
groundwater) or near surface ecosystems, except some areas along the Tule River east of 
Porterville.  Based on the CDWR Groundwater Dependent Ecosystems database 
(www.groundwaterresourcehub.org), the deepest root zones for groundwater dependent plants in 
the Tule Subbasin are for Valley Oak, which can reach a depth of approximately 25 feet.  Figure 
2-26 is a depth to groundwater map based on groundwater levels in January 2015.  As shown, there 
were no areas of the subbasin where the groundwater was within 25 feet of the land surface at that 
time.  It is noted that there may be periods of time when the groundwater level is within 25 feet of 
the land surface in some areas of the subbasin.  The areas most likely to support groundwater 
dependent ecosystems are along the Tule River in and upstream of Porterville, and in the upper 
reaches of Deer Creek and White River. 

2.3 Water Budget  §354.18 

 

2.3.1. Surface Water Budget  

The surface water budget for the Tule Subbasin was developed for the 31-year period from 1986/87 
to 2016/17 (see Table 2-2a for Inflow Terms and Table 2-2b for Outflow Terms).  Inflow terms 
for the surface water budget include precipitation, stream inflow, imported water, and discharge 
to the land surface from wells.  Outflow terms include infiltration of precipitation, 
evapotranspiration of precipitation from areas of native vegetation and crops, stream infiltration, 
canal loss, recharge in basins, return flow, and consumptive use. 

Ideally, the total surface water inflow to the subbasin would equal the total surface water outflow, 
indicating a complete and accurate accounting of water at the surface.  In reality, there is 

§ 354.16. (g) Identification of groundwater dependent ecosystems within the basin, utilizing data available from 
the Department, as specified in Section 353.2, or the best available information. 

§ 354.18. Water Budget 

(a) Each Plan shall include a water budget for the basin that provides an accounting and assessment of the total 
annual volume of groundwater and surface water entering and leaving the basin, including historical, current and 
projected water budget conditions, and the change in the volume of water stored. Water budget information shall 
be reported in tabular and graphical form. 
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uncertainty in many of the surface water budget terms for the Tule Subbasin that does not allow 
for a perfect surface water accounting.  These include estimates for agricultural groundwater 
production, crop consumptive use, precipitation recharge, surface water outflow to Homeland 
Canal from Deer Creek, and others.  For the Tule Subbasin surface water budget, the percent 
difference between the average annual surface water inflow (1,477,000 acre-ft; Table 2-2a) and 
average annual outflow (1,474,000 acre-ft; Table 2-2b) is approximately 0.2 percent.  This 
represents a very good match between surface water inflows and outflows and indicates that the 
water budget is a good representation of actual conditions.  As additional data become available, 
it is anticipated that the surface water budget will become more accurate with time. 

It is noted that many of the surface water outflow terms are also groundwater inflow (i.e. 
groundwater recharge) terms.  Of the surface water outflow terms that become groundwater 
recharge, many are associated with water diverted in accordance with pre-existing water rights or 
purchased imported water.  Sources of surface water outflow that become groundwater recharge 
and are associated with existing rights and/or imported water deliveries are excluded from the 
Sustainable Yield estimate and are indicated with magenta-colored columns in Table 2-2b.  
Surface water losses that become groundwater recharge and are used to estimate Sustainable Yield 
are indicated with blue-colored columns in Table 2-2b.  Surface water losses that do not become 
groundwater recharge, such as through evapotranspiration, crop consumptive use, or surface water 
outflow are indicated with yellow-colored columns in Table 2-2b (page 2).   

Details of the individual surface water budget terms are provided in the following sections. 

2.3.1.1 Surface Water Inflow  §354.18 (b)(1) 

 

2.3.1.1.1. Precipitation 

The annual volume of water entering the Tule Subbasin as precipitation was estimated for the 
surface water budget based on the long-term average annual isohyetal map shown on Figure 2-27 
and the annual precipitation data reported for the Porterville precipitation station.  As annual 
precipitation values are not available throughout the entire Tule Subbasin, it was assumed that the 
relative precipitation distribution for each year was the same as that shown on the isohyetal map.  
The magnitude of annual precipitation within each isohyetal zone was varied from year to year 
based on the ratio of annual precipitation at the Porterville Station (see Figure 2-28) to annual 
average precipitation at the Porterville isohyetal zone multiplied by the isohyetal zone average 
annual precipitation.  Using this method, total annual precipitation in the Tule Subbasin between 

§ 354.18. (b) The water budget shall quantify the following, either through direct measurements or estimates based 
on data: 

(1) Total surface water entering and leaving a basin by water source type. 
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water years 1986/87 and 2016/17 ranged from approximately 99,000 to 728,000 acre-ft/yr with an 
average of 306,000 acre-ft/yr (see Column A of Table 2-2a). 

2.3.1.1.2. Stream Inflow 

Surface water inflow to the Tule Subbasin occurs primarily via three native streams: Tule River, 
Deer Creek, and the White River (see Columns B through D of Table 2-2a).  Flow in the Tule 
River is controlled through releases from Lake Success, which are documented in TRA annual 
reports.  For water years 1986/87 to 2016/17, annual surface water inflow to the Tule Subbasin via 
the Tule River, measured as releases from Lake Success, ranged from 8,820 to 439,125 acre-ft/yr 
with an average of 118,300 acre-ft/yr.  The long-term 114-year average (1904 to 2017) inflow to 
Lake Success via the Tule River channels is 139,187 acre-ft/year.   

Annual inflow from Deer Creek is measured at Fountain Springs by the USGS and has varied from 
approximately 2,000 to 88,000 acre-ft/yr with an average of 17,800 acre-ft/yr over water years 
1986/87 to 2016/17.  The long-term average inflow via Deer Creek for the period of record from 
1920 to 2017 is 22,035 acre-ft/year.  It is noted that although the Fountain Springs gage is located 
approximately five miles upstream of the Tule Subbasin, the creek flows over granitic bedrock 
between the gage and the alluvial basin boundary and losses along this reach are assumed to be 
limited to evapotranspiration. 

Surface water inflow from the White River is based on USGS stream gage data from the White 
River station near Ducor.  The measured data from this station is only available from 1971 to 2005.  
In order to estimate annual streamflow from 1986/87 to2016/17, it was assumed that the magnitude 
of flow in the White River is proportional to the magnitude of flow in Deer Creek.  TH&Co plotted 
monthly White River streamflow against monthly Deer Creek streamflow for the period 1971 to 
2005.  A linear regression through the data resulted in a correlation coefficient of 0.91, suggesting 
that the relationship is applicable (see Figure 2-29).  White River streamflow between 2006 and 
2017 was based on the linear interpolation of measured data.  Based on the measured and 
interpolated data, annual inflows from the White River ranged from approximately 250 to  
37,000 acre-ft/yr and averaged 5,800 acre-ft/yr from water years 1986/87 to 2016/17. 

2.3.1.1.3. Imported Water 

Imported water is delivered to eleven water agencies within the Tule Subbasin from the Friant-
Kern Canal (see Columns E through O of Table 2-2a).  Data from PID, Saucelito Irrigation District, 
Tea Pot Dome Water District, Alpaugh Irrigation District, Atwell Island Irrigation District, and 
Terra Bella Irrigation District was obtained from USBR Central Valley Operation Annual Reports.  
Imported water data for the other agencies was provided by the respective agencies.  Based on 
these data, an average of 345,600 acre-ft/yr was imported into the Tule Subbasin for the period 
from 1986/87 to 2016/17. 
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2.3.1.1.4. Discharge to Crops from Wells 

Water applied to crops from wells is assumed to be the total applied water minus surface water 
deliveries from imported water and diverted streamflow (see Figure 2-30).  The total crop demand 
was estimated based on consumptive use estimates and an assumed irrigation efficiency of 79 
percent.  The estimated average annual discharge to crops from wells for water years 1986/87 to 
2016/17was approximately 664,000 acre-ft/yr (see Column P of Table 2-2a). 

2.3.1.1.5. Municipal Deliveries from Wells 

Groundwater pumping for municipal supply is conducted by the City of Porterville and small 
municipalities for the local communities in the Tule Subbasin.  From water years 1986/87 to 
2016/17, municipal pumping from wells was estimated to average approximately 20,000 acre-ft/yr 
(see Column Q of Table 2-2a). 

It is noted that there are some households in the rural portions of the Tule Subbasin that rely on 
private wells to meet their domestic water supply needs.  However, given the low population 
density of these areas, the volume of pumping from private domestic wells is considered negligible 
compared to the other pumping sources. 

2.3.1.2 Surface Water Outflow 

2.3.1.2.1 Areal Recharge from Precipitation 

Areal recharge from precipitation falling on the valley floor in the Tule Subbasin was estimated 
based on Williamson et al., (1989).  As part of a regional hydrogeological study of the California 
Central Valley, Williamson et al., (1989) developed a monthly soil-moisture budget for the 
Sacramento Valley and San Joaquin Valley areas.  The soil moisture budget was based on 
precipitation records for the 50-yr period from 1922 to 1971. The analysis considered potential 
evapotranspiration, assumed plant root depth, soil moisture-holding capacity, and precipitation.  
Monthly precipitation that exceeded monthly potential evapotranspiration and soil-moisture 
storage was computed as net infiltration to the groundwater system.  The results were simplified 
with a linear regression model that estimates net infiltration (i.e. groundwater recharge) from 
annual precipitation (herby referred to as the Williamson Method).  The resulting relationship for 
the San Joaquin Valley region was: 

𝑃𝑃𝑇𝑒𝑥 = (0.64)𝑃𝑃𝑇 − 6.2 

Where: 

  PPTex  =  Excess Annual Precipitation (ft/yr); 
  PPT  = Annual Precipitation (ft/yr) 
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It is noted that the Williamson Method applied to the San Joaquin Valley results in no groundwater 
recharge if average annual precipitation is less than 9.69 inches per year.  Results of the net 
infiltration analysis from Williamson et al., (1989) were used in the development of the Central 
Valley Groundwater Model developed by the USGS and documented in Faunt (2009). 

For each year, annual groundwater recharge from precipitation (i.e. PPTex) was estimated for each 
isohyetal zone (see Section 2.3.1.1.1 and Figure 2-27) using the above equation from the 
Williamson Method.  The resulting annual groundwater recharge from areal precipitation for the 
period 1986/87 to 2016/17ranged from 0 acre-ft/yr to 219,000 acre-ft/yr with an average of 
approximately 21,000 acre-ft/yr (see Column A of Table 2-2b) or approximately 7 percent of total 
precipitation. 

2.3.1.2.2 Streambed Infiltration (Channel Loss) 

Tule River 

The Tule River is a losing stream such that infiltration of surface water within the stream channel 
recharges the groundwater system beneath it.  Total channel loss (i.e. streambed infiltration) in the 
Tule River between Lake Success and Oettle Bridge is based on TRA annual reports.  Streambed 
infiltration in the Tule River between Oettle Bridge and Turnbull Weir was estimated based on 
LTRID monthly water use summaries and TRA annual reports.  Measured channel loss includes 
infiltration as well as evapotranspiration.  Therefore, infiltration is equal to channel loss, as 
reported in TRA reports, minus evapotranspiration (described in Section 2.3.1.2.6). 

It is noted that there are two sources of water in the Tule River channel:  1) native flow associated 
with releases from Lake Success and 2) imported water from the Friant-Kern Canal. Surface water 
in the Tule River channel from Lake Success to Oettle Bridge is exclusively native water (Column 
B of Table 2-2b).  Surface water in the Tule River channel from Oettle Bridge to Turnbull Weir is 
primarily native flow but periodically includes imported water released to the channel from the 
Friant-Kern Canal. 

As there is no current accounting of Tule River channel loss from Oettle Bridge to Turnbull Weir, 
it was necessary to estimate it based on available data and an assumed loss factor.  The loss factor 
was based on the assumption that the ratio of streamflow to channel losses upstream of Oettle 
Bridge is the same as the ratio downstream.  Thus, the ratio of streamflow to channel losses 
observed upstream of Oettle Bridge (the “loss factor”) was applied to measured flow Below Oettle 
Bridge.  The loss factor was applied separately to native Tule River water and imported water 
releases to develop streambed infiltration estimates specific to both.  From water years 1986/87 to 
2016/17, average annual streambed infiltration from Success to Oettle Bridge was approximately 
16,500 acre-ft/yr (Column B of Table 2-2b). During the same time period, average annual 
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streambed infiltration between Oettle Bridge and Turnbull Weir was approximately 
3,200 acre-ft/yr (see Column C of Table 2-2b).  

Deer Creek 

Deer Creek is a losing stream such that infiltration of surface water within the stream channel 
recharges the groundwater system beneath it.  Streambed infiltration (channel loss) is estimated 
for the stream reaches between the Fountain Springs gaging station and Trenton Weir and between 
Trenton Weir and Homeland Canal.   The difference in streamflow between Fountain Springs 
station and Trenton Weir is assumed to be total channel loss along this section.  Streambed and 
canal infiltration in the Deer Creek channel between Trenton Weir and Homeland Canal were 
estimated based on Pixley Irrigation District monthly water use summaries.  Measured channel 
loss includes infiltration as well as evapotranspiration.  Therefore, infiltration is channel loss minus 
evapotranspiration (described in Section 2.3.1.2.6). 

It is noted that there are two sources of water in the Deer Creek channel:  1) native flow and 2) 
imported water from the Friant-Kern Canal.  Imported water is introduced into the Deer Creek 
channel by the Friant Water Authority via controlled and measured releases from the Friant-Kern 
Canal upstream of Trenton Weir.  Thus, until a stream gage is established upstream of the Friant-
Kern Canal/Deer Creek intersection, the separate accounting of losses associated with imported 
water and native Deer Creek surface flow will have to be approximated. 

Deer Creek channel loss from Fountain Springs to Trenton Weir was estimated based on the 
difference in measured flows between the two stations.  The surface flow between these two 
stations is assumed to be, for this water budget, native Deer Creek water.  Average annual 
infiltration from Fountain Springs to Trenton Weir was approximately 12,100 acre-ft/yr between 
water years 1986/87 to 2016/17 (see Column D of Table 2-2b). 

Flow in the Deer Creek channel from Trenton Weir to Homeland Canal is a combination of native 
Deer Creek water and imported water purchased by the Pixley Irrigation District for distribution 
in their service area.  For this water balance, it is assumed that all of the water that flows through 
Trenton Weir is either delivered to riparians and farmers or becomes channel or canal loss (i.e. 
there is no data available to document surface flow from the Deer Creek channel to Homeland 
Canal although it is known that this occurs during periods of above normal precipitation).  The 
infiltration of native Deer Creek water in the Deer Creek channel downstream of Trenton Weir is 
estimated for each month based on Pixley Irrigation District’s annual water use summaries in the 
following way: 

1. Imported water deliveries discharged from the Friant-Kern Canal to the Deer Creek 
channel were subtracted from the total flow measured at Trenton Weir to estimate the 
volume entering Pixley Irrigation District that is attributed to native Deer Creek flow. 
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2. Pixley Irrigation District sales and deliveries to basins were subtracted from the total flow 
through Trenton Weir to determine the volume of water presumably lost as infiltration in 
the Deer Creek channel and canals. 

3. The total loss in No. 2 was multiplied by the ratio of Deer Creek water to total water 
measured at Trenton Weir to estimate the total losses attributed to native Deer Creek water. 

4. A ratio was developed for the length of Deer Creek channel versus the length of canals 
downstream of the Trenton Weir (0.21). 

5. The total loss attributed to native Deer Creek flow, as estimated from No. 3, was multiplied 
by the ratio of Deer Creek channel length to canal length from No. 4 to estimate the volume 
of native Deer Creek flow loss estimated to occur in the Deer Creek channel. 

6. The volume of native Deer Creek flow lost in canals was estimated as the total loss (No. 3) 
minus the loss estimated to occur in the Deer Creek channel (No. 5). 

Using the methodologies described above, average annual native Deer Creek infiltration from 
Fountain Springs to Trenton Weir for water years 1986/87 to 2016/17 was 12,100 acre-ft/yr (see 
Column D of Table 2-2b).  The average annual native Deer Creek infiltration in the Deer Creek 
channel between Trenton Weir and Homeland Canal was approximately 700 acre-ft/yr (see 
Column E of Table 2-2b). 

White River 

All of the surface water flow measured or interpolated at the White River stream gage, after 
accounting for ET losses, is assumed to become streambed infiltration.  Average annual infiltration 
from White River flow for water year 1986/87 to 2016/17was estimated to be approximately 
5,600 acre-ft/yr (see Column F of Table 2-2b). 

2.3.1.2.3 Canal Losses 

Canal Losses from Tule River Diversions 

A portion of the native Tule River water that is diverted into unlined canals is lost through 
infiltration into the subsurface groundwater subbasin.  For PID, Vandalia Water District, and 
Woods-Central Ditch Co., delivery losses in unlined canals are accounted for in the portion of the 
water budget that address deep percolation of applied water.   

In the LTRID, canal losses attributed to Tule River diversions are estimated from the District’s 
annual water use summaries reports.  Total canal losses within the LTRID (which include both 
native river water and imported water) are estimated by subtracting streambed infiltration and ET 
from the total losses reported in the annual water use summaries.  Canal losses attributed to native 
Tule River water are based on the ratio of native Tule River water to imported water (Table 2-2b, 
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Column G).  The average annual Tule River canal loss from water years 1986/87 to 2016/17 was 
approximately 22,300 acre-ft/yr.  

Canal Losses from Deer Creek Diversions 

It is assumed that canal losses from delivery of native Deer Creek water to riparians and farmers 
occur only within the Pixley Irrigation District.  To estimate canal losses within the Pixley 
Irrigation District, the estimated infiltration and ET within the Deer Creek channel (see Section 
2.3.1.2.6) was subtracted from total losses.  The average annual Deer Creek canal loss for water 
years 1986/87 to 2016/17was approximately 2,600 acre-ft/yr (see Column H of Table 2-2b). 

Canal Losses from Imported Water Deliveries 

With the exception of canal losses within the Angiola Water District and PID, imported water that 
infiltrates into the subsurface groundwater subbasin from the Tule River channel, Deer Creek 
channel, and unlined canals is grouped together.  Within the Angiola Water District and PID, canal 
losses are accounted for in the portion of the water budget that addresses deep percolation of 
applied water. 

For the LTRID GSA and Pixley Irrigation District GSA areas, imported water losses in channels 
and canals are estimated by subtracting infiltration losses attributed to native Tule River and Deer 
Creek water from the total losses estimated to occur in the LTRID and Pixley Irrigation District 
service areas as documented in their respective annual water use summary reports.  The resulting 
estimate of average annual imported water canal loss for water years 1986/87 to 2016/17 was 
approximately 50,600 acre-ft (see Column I of Table 2-2b). 

2.3.1.2.4 Managed Recharge in Basins 

Managed Recharge of Tule River Diversions 

Managed recharge (i.e. recharge in basins) of diverted streamflow, imported water, and recycled 
water is accomplished within the Tule Subbasin via multiple recharge facilities (see Figure 2-7).  
Native Tule River water is diverted to basins for recharge by Pioneer Water Company, Campbell 
and Moreland Ditch Company, Vandalia Water District, PID, and LTRID.  All of the water 
diverted to basins by Campbell and Moreland Ditch Company and Vandalia Water District is 
native Tule River flow.  To estimate the portion of basin recharge attributable to native Tule River 
water in LTRID basins downstream of Oettle Bridge, TH&Co multiplied the ratio of Tule River 
gaged flow below Oettle Bridge to the total water delivered to the LTRID by the total recharge in 
basins reported in the LTRID annual water use summaries.  Using this methodology, the average 
annual Tule River recharge in basins from water years 1986/87 to 2016/17 was approximately 
11,600 acre-ft (see Column J of Table 2-2b). 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

28 
 

Managed Recharge of Deer Creek Diversions 

Managed recharge (i.e. recharge in basins) of diverted Deer Creek streamflow is accomplished via 
multiple recharge facilities (see Figure 2-7).  Native Deer Creek water is diverted to basins for 
recharge by Pixley Irrigation District and DCTRA.  Artificial recharge attributed to native Deer 
Creek water is estimated by multiplying the total recharge in basins reported in Pixley Irrigation 
District annual water use summaries by the ratio of native Deer Creek water to total water flowing 
through the Trenton Weir.  The average annual Deer Creek recharge in basins for water years 
1986/87 to 2016/17was estimated to be approximately 800 acre-ft/yr (see Column K of Table 
2-2b). 

Managed Recharge of Imported Water 

Managed recharge of imported water is accomplished via multiple recharge facilities within the 
LTRID, Pixley Irrigation District, PID, Teapot Dome Water District and DEID.  Managed recharge 
attributed to imported water in the LTRID is estimated by multiplying the total recharge in basins 
reported in annual water use summaries by the ratio of imported water to total surface water flow 
available.  Managed recharge attributed to imported water in the Pixley Irrigation District is 
estimated by multiplying the total recharge in basins reported in annual water use summaries by 
the ratio of imported water to total water flowing through the Trenton Weir.  Volumes of imported 
water delivered to recharge in basins for PID, Teapot Dome Water District, and DEID were 
provided by the respective agencies.  The resulting estimated average annual imported water 
recharge in basins for water years 1986/87 to 2016/17 was approximately 11,100 acre-ft (see 
Column L of Table 2-2b). 

Recharge of Recycled Water in Basins 

A portion of recycled water from the City of Porterville is discharged to basins where it infiltrates 
into the subsurface.  Artificial recharge of recycled water was estimated as 75 percent of all 
available recycled water from 1990/91 to 2003/04 based on California Regional Water Quality 
Control Board Order No. R5-2008-0034.  Artificial recharge was assumed to be 2,000 acre-ft/yr 
from 2004/05 to 2009/10 based on Schmidt (2009).  The average annual recycled water recharge 
for water years 1986/87 to 2016/17was estimated to be approximately 3,200 acre-ft/yr (see Table 
2-2b, Column M). 

2.3.1.2.5 Deep Percolation of Applied Water 

Deep Percolation of Applied Tule River Diversions 

A portion of native Tule River water that is delivered and applied for agricultural irrigation is 
assumed to infiltrate below the root zones of plants and become deep percolation to the 
groundwater.  Deep percolation from irrigated agriculture was applied to the various land uses in 
the Tule Subbasin according to the irrigation method (e.g. drip irrigation, flood irrigation, micro 
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sprinkler, etc.) for each land use type reported in CDWR on-line land use maps.  Irrigation 
efficiencies were applied to the different irrigation methods based on tables reported in California 
Energy Commission (2006).  

Tule River water is diverted for agricultural irrigation by the Pioneer Water Company, Porter 
Slough Headgate, Porter Slough Ditch Company, Campbell and Moreland Ditch Company, Poplar 
Irrigation Company, Woods-Central Ditch Company, Hubbs and Miner Ditch Company, and 
LTRID.  In the LTRID, applied water attributed to native Tule River water is based on the ratio of 
total native Tule River water entering the LTRID to the total water available to the district 
(including imports) multiplied by the volume of water delivered for irrigation.  Using this 
methodology, the average annual deep percolation of native Tule River water for water years 
1986/87 to 2016/17was approximately 14,200 acre-ft/yr (see Column N of Table 2-2b). 

Deep Percolation of Applied Deer Creek Diversions 

The portion of native Deer Creek water delivered for agricultural use within the Pixley Irrigation 
District is estimated by multiplying the total deliveries reported in Pixley Irrigation District annual 
water use summaries by the ratio of native Deer Creek water to total water flowing through the 
Trenton Weir. Deep percolation of applied Deer Creek diversions is estimated based on the 
irrigation method (e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) for each land use type 
reported in DWR on-line land use maps.  Irrigation efficiencies were applied to the different 
irrigation methods based on tables reported in California Energy Commission (2006). From water 
years 1986/87 to 2016/17, average annual deep percolation of native Deer Creek water was 
estimated to be approximately 300 acre-ft/yr (see Column O of Table 2-2b). 

Deep Percolation of Applied Imported Water 

The estimate of imported water delivered and applied to crops within the agencies that receive 
imported water is based on the total imported water delivery minus losses and recharge in basins.  
Deep percolation of applied imported water is estimated based on the irrigation method (e.g. drip 
irrigation, flood irrigation, micro sprinkler, etc.) for each land use type reported in DWR on-line 
land use maps.  Irrigation efficiencies were applied to the different irrigation methods based on 
tables reported in California Energy Commission (2006).  For water years 1986/87 to 2016/17, the 
estimated average annual deep percolation from imported water was approximately  
64,300 acre-ft/yr (see Column P of Table 2-2b). 

Deep Percolation of Applied Recycled Water 

The estimate of recycled water delivered and applied to crops was provided by the City of 
Porterville.  Deep percolation of applied recycled water is estimated based on the irrigation method 
(e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) for each land use type reported in DWR 
on-line land use maps.  Irrigation efficiencies were applied to the different irrigation methods based 
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on tables reported in California Energy Commission (2006).  For water years 1986/87 to 2016/17, 
the estimated average annual deep percolation from recycled water was approximately  
400 acre-ft/yr (see Column Q of Table 2-2b). 

Deep Percolation of Applied Native Groundwater for Agricultural Irrigation 

The balance of agricultural irrigation demand not met by imported water or stream diversions is 
assumed to be met by groundwater pumping.  Deep percolation of applied native groundwater is 
estimated based on the irrigation method (e.g. drip irrigation, flood irrigation, micro sprinkler, etc.) 
for each land use type reported in DWR on-line land use maps.  Irrigation efficiencies were applied 
to the different irrigation methods based on tables reported in California Energy Commission 
(2006).  For water years 1986/87 to 2016/17, average annual deep percolation from applied 
agricultural pumping was approximately 145,400 acre-ft/yr (see Column R of Table 2-2b). 

Deep Percolation of Applied Native Groundwater for Municipal Irrigation 

Deep percolation from applied landscape irrigation was estimated for the urbanized portions of the 
Tule Subbasin.  Because the cities within the Tule Subbasin do not have surface water rights on 
the Tule River or Deer Creek and do not purchase imported water, 100 percent of their water 
demand is met from groundwater pumping.  For the City of Porterville, landscape irrigation was 
estimated to be 47 percent of the total water delivered to each home based on an analysis of the 
total groundwater production and influent flows to the wastewater treatment plant (City of 
Porterville draft Urban Water Management Plan 2010 Update, 2014).  Of the water used for 
irrigation, 25 percent was assumed to become return flow. 

For the other smaller communities in the Tule Subbasin, wastewater discharge was assumed to be 
through individual septic systems.  For water discharged to septic systems, it was assumed that 
100 percent of the discharge became return flow.  As with the City of Porterville, 47 percent of 
total water use was assumed to be for landscape irrigation and 25 percent of the landscape irrigation 
is assumed to become return flow. 

For water years 1986/87 to 2016/17, average annual return flow from municipal production was 
estimated to be approximately 6,700 acre-f/yr (see Column S of Table 2-2b). 

2.3.1.2.6 Evapotranspiration 

Evapotranspiration of Precipitation from Crops and Native Vegetation 

Evapotranspiration (ET) is the loss of water to the atmosphere from free-water evaporation, soil-
moisture evaporation, and transpiration by plants (Fetter, 1994).  Evapotranspiration of 
precipitation is assumed to be the balance between total precipitation and areal recharge.  This 
value includes evapotranspiration of precipitation from crops as well as native vegetation.  From 
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water years 1986/87 to 2016/17, evapotranspiration of precipitation was estimated to average 
approximately 286,000 acre-ft/yr (see Column T of Table 2-2b, Page 2). 

Evapotranspiration of Surface Water within the Tule River Channel 

Evapotranspiration of surface water within the Tule River channel is a function of the ET rate and 
wetted channel surface area.  The ET rate was based on published data for riparian vegetation in 
an intermittent stream (Leenhouts et al., 2005).  As the channel width of the Tule River varies, 
TH&Co identified reaches with similar average channel width using aerial photographs (Google 
Earth).  The ET rate was applied to the surface area of each reach to obtain an estimate of ET.  The 
sum of reach by reach ET estimates between Lake Success and the western Tule Subbasin 
boundary represents the total Tule River ET shown in Table 2-2b, Page 2, Column U.  The resulting 
average annual ET is approximately 700 acre-ft/yr for water years 1986/87 to 2016/17 (see Table 
2-2b, Page 2, Column V). 

Evapotranspiration of Surface Water within the Deer Creek Channel 

Evapotranspiration within the Deer Creek channel was estimated using the same methodology as 
for the Tule River.  Average annual ET within the Deer Creek channel was estimated to be 
approximately 300 acre-ft/yr for water years 1986/87 to 2016/17 (see Table 2-2b, Page 2,  
Column X). 

Evapotranspiration of Surface Water within the White River Channel 

Evapotranspiration in the White River channel was estimated using the same methodology as for 
the Tule River.  For water year 1986/87 to 2016/17, the average annual evapotranspiration was 
estimated to be approximately 100 acre-ft/yr (see Column Y of Table 2-2b, Page 2). 

Evapotranspiration of Recycled Water in Basins 

 Evapotranspiration of recycled water delivered to recharge basins was estimated to be 
50 acre-ft/yr (see Column AB of Table 2-2b, Page 2) based on Schmidt (2009). 

Agricultural Consumptive Use 

Columns U, W, Z, AA and AC of Table 2-2b includes agricultural consumptive use of applied 
water, not including the portion of the consumptive use met by precipitation, which is included in 
Column T.  Historical agricultural crop water demand (i.e. applied water demand) was estimated 
based on records of the types and areas of crops grown, estimates of consumptive use for each 
crop, and estimates of the irrigation efficiency.  Information on the types and areas of crops for the 
LTRID and Pixley Irrigation District were obtained from annual crop surveys from each respective 
district.  The types and areas of crops in other parts of the Tule Groundwater Subbasin within 
Tulare County were estimated from land use maps and associated data published by the CDWR 
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for 1993, 1999, and 2007 (see Figure 2-31).  For the portion of the Subbasin in Kern County 
(DEID), land use maps were obtained from CDWR (1990) and Kern County Department of 
Agriculture and Measurement Standards (1999 and 2007).  Consumptive use estimates for the 
various crop types were based on crop coefficients published in ITRC (2003).  In order to estimate 
a total agricultural irrigation water demand, the consumptive use estimates for each crop were 
multiplied by the area of the crop, which in turn was multiplied by a return flow factor reflecting 
the irrigation efficiency (see Section 2.3.1.2.5). 

The estimated average annual agricultural consumptive use for the period of the groundwater 
budget was approximately 773,900 acre-ft/yr (sum of Columns U, W, Z, AA and AC of  
Table 2-2b). 

Municipal Consumptive Use 

Consumptive use of landscaping associated with applied municipal groundwater pumping was 
estimated based on an assumed applied water to landscaping and return flow factor.  As presented 
in Section 2.3.1.2.5, it is assumed 47 percent of municipal water use is applied to landscaping.  It 
is assumed that 75 percent of applied water to landscaping is consumptively used by the plants and 
25 percent becomes return flow.  For water years 1986/87 to 2016/17, estimated average annual 
municipal consumptive use was approximately 6,800 acre-ft/yr (see Column AD of Table 2-2b). 

2.3.1.2.7 Surface Water Outflow 

Tule River 

Any residual stream flow in the Tule River that reaches the Turnbull Weir, located at the west 
(downstream) end of the Tule Subbasin, is assumed to flow out of the subbasin (see Figure 2-7).  
From water years 1986/87 to 2016/17, surface water outflow ranged from 0 to 121,000 acre-ft/yr 
and averaged 14,000 acre-ft/yr (see Table 2-2b, Page 2, Column AE). 

It is noted that additional outflow may occur at smaller canal outlets at the west end of the Tule 
Subbasin.  The data for these outflows was unavailable for this report. 

Deer Creek 

During periods of above-normal precipitation, residual stream flow left in the Deer Creek after 
diversions has historically flowed into Homeland Canal, located at the west end of the Tule 
Subbasin (see Figure 2-7).  The data for this outflow was unavailable for this report (see 
Column AF of Table 2-2b, Page 2).  As this data becomes available, it will be incorporated into 
the surface water budget. 
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2.3.2. Groundwater Budget  §354.18 (b)(2) 

The groundwater budget describes the sources and estimates the volumes of groundwater inflow 
and outflow within the Tule Subbasin (see Table 2-3).  A fundamental premise of the groundwater 
budget is the following relationship: 

Inflow – Outflow = +/- S 

Inflow terms include groundwater recharge to the subbasin including areal recharge from 
precipitation, recharge in stream/river channels, artificial recharge, canal losses, return flow, 
release of water from compression of aquitards, and subsurface inflow.  It is noted that many of 
the groundwater inflow terms are surface water outflow terms from Table 2-2b.  Outflow terms 
include groundwater pumping, evapotranspiration, and subsurface outflow.  The difference 
between the sum of inflow terms and the sum of outflow terms is the change in groundwater 
storage (S) (see Table 2-3). 

As with the surface water budget tables, the individual columns in the groundwater budget table 
are color coded to reflect their role in the Sustainable Yield estimate.  Sources of groundwater 
recharge (i.e. inflow) that are associated with pre-existing water rights and/or imported water 
deliveries are indicated with magenta-colored columns in Table 2-3 and are not used to estimate 
the Sustainable Yield.  Groundwater recharge elements that are used to estimate Sustainable Yield 
are indicated with blue-colored columns.  Groundwater pumping is not used in the equation to 
estimate Sustainable Yield and is shown as yellow-colored columns in Table 2-3. 

2.3.2.1 Sources of Groundwater Recharge §354.18 (b)(2) 

 

2.3.2.1.1 Areal Recharge 

Groundwater recharge from precipitation falling on the valley floor in the Tule Subbasin was 
estimated based on Williamson et al., (1989) (see Section 2.3.1.1.1).  The resulting annual 
groundwater recharge from areal precipitation using this method ranged from 0 acre-ft/yr to 
219,000 acre-ft/yr with a 31-yr average of approximately 21,000 acre-ft/yr (see Column A, 
Table 2-3).  

§ 354.18. (b) (2) Inflow to the groundwater system by water source type, including subsurface 
groundwater inflow and infiltration of precipitation, applied water, and surface water systems, such as 
lakes, streams, rivers, canals, springs and conveyance systems. 
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2.3.2.1.2 Groundwater Recharge from the Tule River 

Groundwater recharge of native Tule River water occurs as streambed infiltration, infiltration of 
water in unlined canals, recharge in basins, and deep percolation of applied water.  Tule River 
water that becomes groundwater recharge is described in Section 2.3.1.2 and summarized in 
Columns B through F of Table 2-3.  Average annual groundwater recharge of native Tule River 
water was estimated to be approximately 67,800 acre-ft/yr for water years 1986/87 to 2016/17. 

2.3.2.1.3 Groundwater Recharge from Deer Creek 

Groundwater recharge of native Deer Creek water occurs as streambed infiltration, canal loss, 
recharge in basins, and deep percolation of applied water. Deer Creek water that becomes 
groundwater recharge is described in Section 2.3.1.2 and summarized in Columns G through K of 
Table 2-3.  For water years 1986/87 to 2016/17 average annual groundwater recharge of native 
Deer Creek water was estimated to be approximately 16,500 acre-ft/yr. 

2.3.2.1.4 Streambed Infiltration in the White River 

Groundwater recharge of White River water occurs as streambed infiltration as described in 
Section 2.3.1.2 and summarized in Column L of Table 2-3.  Estimated average annual groundwater 
recharge from White River water was approximately 5,600 acre-ft/yr for water years 1986/87 to 
2016/17. 

2.3.2.1.5 Groundwater Recharge from Imported Water Deliveries 

Groundwater recharge of imported water occurs as canal loss, recharge in basins, and deep 
percolation of applied water as described in Section 2.3.1.2 and summarized in Columns M 
through O of Table 2-3.  For water years 1986/87 to 2016/17 average annual groundwater recharge 
from imported water was estimated to be approximately 126,000 acre-ft/yr. 

2.3.2.1.6 Recycled Water 

Groundwater recharge of recycled water occurs as artificial recharge and return flow of applied 
water as described in Section 2.3.1.2 and summarized in Columns R and S of Table 2-3.  For water 
years 1986/87 to 2016/17 average annual groundwater recharge from recycled water was estimated 
to be approximately 3,600 acre-ft/yr. 

2.3.2.1.7 Deep Percolation of Applied Water from Groundwater Pumping 

A portion of irrigated agriculture and municipal applied water from groundwater pumping 
becomes deep percolation and groundwater recharge as described in Section 2.3.1.2.5 and 
summarized in Columns P and Q of Table 2-3.  For water years 1986/87 to 2016/17 average annual 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

35 
 

groundwater recharge associated with return flow from groundwater pumping was estimated to be 
approximately 152,100 acre-ft/yr. 

2.3.2.1.8 Release of Water from Compression of Aquitards 

Prolonged lowering of groundwater levels in the Tule Subbasin results in the drainage of water 
from low permeability subsurface aquitards that occur beneath the potentiometric groundwater 
surface.  Aquitards are low permeability layers with relatively high silt and clay content.  As the 
aquitards are compressible, the release of pore pressure caused by the lowering of groundwater 
levels also results in compression of the low permeability layers.  Within a limited range of 
groundwater level fluctuation, the compressed aquitard can accept water back into its structure 
when groundwater levels rise resulting in elastic rebound.  However, if groundwater levels are 
maintained at low elevations for long enough periods of time as a result of groundwater pumping, 
the compression of aquitards becomes permanent.  This permanent compression of subsurface 
layers results in land surface subsidence, which has been observed in the Tule Subbasin prior to 
1970 (Ireland et al., 1984) and between 2007 and 2011 (Luhdorff and Scalmanini, 2014).  The 
slow release of water from the permanent compaction of subsurface aquitards also results in a one-
time contribution of water to the aquifer system.  However, it is noted that this is not a renewable 
source of water to the aquifer. 

The estimate of the volume of water contributed to the aquifer through compression of aquitards 
between 1986 and 2017 was based on groundwater flow model analysis and output using the 
subsidence package in MODFLOW.  The total volume of water contributed to the aquifer from 
aquitard compression during this time period is estimated to be approximately 2,400,000 acre-ft 
with an annual average of approximately 77,000 acre-ft/yr (see Column T of Table 2-3).   

2.3.2.1.9 Subsurface Inflow 

The Tule Subbasin is not a closed basin and the aquifer is in hydrologic connection with adjacent 
subbasins to the north, west and south.  Groundwater flow into and out of the Tule Subbasin along 
these boundaries varies over time in accordance with the groundwater level conditions and flow 
patterns within and outside the subbasin.  The only source of subsurface inflow to the Tule 
Subbasin along the eastern boundary is mountain-front inflow resulting from infiltration of 
precipitation in the secondary porosity features (joints and fractures) of the bedrock east of the 
basin and along the mountain front.  This recharge enters the alluvial groundwater basin where the 
alluvium is in hydrologic connection with the fractures in the bedrock in the subsurface. 

A summary of subsurface inflow values estimated for 1986/87 to 2016/17 is provided in  
Table 2-3 (Column U).  As shown, inflow through the southern and western boundary across both 
the shallow and deep aquifers ranges from 83,000 acre-ft in 2009/10 to 144,000 acre-ft in 1990/91 
with an average over the years of interest of 118,000 acre-ft/yr.  The average net inflow into the 
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Tule Subbasin along the south and west boundaries for the time period is approximately 53,000 
acre-ft/yr after accounting for outflow (see Section 2.3.2.3.4). 

2.3.2.1.10 Mountain Front Recharge 

Mountain front recharge represents the infiltration of precipitation into the fractures in the bedrock 
east of the Tule Subbasin, which eventually flows into the alluvial aquifer system of the Tule 
Subbasin in the subsurface where the fractured rock aquifer system in in hydrologic 
communication with the alluvial aquifer system.  Subsurface inflow along the eastern Tule 
Subbasin boundary was estimated through a parameter estimation calibration process of the 
groundwater flow model of the subbasin.  In this calibration method, the model was given a wide 
range of potential recharge along the eastern Tule Subbasin.  The model automatically varied 
aquifer parameters and mountain-front recharge through an iteration process until it arrived at an 
optimum fit of measured and model-generated groundwater levels.  Tule Subbasin mountain-front 
recharge that resulted in the best model calibration was approximately 29,000 acre-ft/yr (see 
Column V of Table 2-3 and Column J of Table 2-4).   

2.3.2.2 Sources of Groundwater Discharge  §354.18 (b)(3) 

 

2.3.2.2.1 Municipal Groundwater Pumping 

Groundwater pumping for municipal supply is conducted by the City of Porterville and small 
municipalities for the local communities in the Tule Subbasin as described in Section 2.3.1.1.5.  
For water years 1986/87 to 2016/17, municipal groundwater production was estimated to average 
approximately 19,400 acre-ft/yr (see Column W of Table 2-3, Page 2). 

2.3.2.2.2 Agricultural Groundwater Pumping 

Agricultural groundwater production is estimated as the total applied water demand for crops 
minus surface deliveries.  The estimated average annual discharge to crops from wells for water 
years 1986/87 to 2016/17 is approximately 664,000 acre-ft/yr (see Column X of Table 2-3, 
Page 2). 

2.3.2.2.3 Groundwater Pumping for Export Out of the Tule Subbasin 

Some of the groundwater pumping that occurs on the west side of the Tule Subbasin is exported 
out of the subbasin for use elsewhere.  Angiola Water District and the Boswell/Creighton Ranch 
have historically exported pumped groundwater out of the Tule Subbasin.  Annual groundwater 

§ 354.18. (b) (3) Outflows from the groundwater system by water use sector, including 
evapotranspiration, groundwater extraction, groundwater discharge to surface water sources, and 
subsurface groundwater outflow. 
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exports have ranged from 0 between 1995 and 1999 to 63,640 acre-ft in the 2012/13 water year 
(see Column Y of Table 2-3, Page 2) with the average for water years 1986/87 to 2016/17 of 
28,200 acre-ft/yr.  This water is accounted for separately because the water is not applied within 
the subbasin and there is no associated return flow. 

2.3.2.2.4 Subsurface Outflow 

Outflow estimates (Table 2-3; Column AA) range from 51,000 acre-ft in 1988/89 to  
92,000 acre-ft in 2009/10, with an average of 65,000 acre-ft/yr.   

2.3.2.3 Changes in Groundwater Storage  §354.18 (b)(4) 

 

Comparison of the groundwater inflow elements of the water budget with the outflow elements 
shows a cumulative change in groundwater storage over the period between 1986/87 to 2016/17 
of approximately -4,948,000 acre-ft (see Table 2-3).  The average annual change in storage 
resulting from the groundwater budget is approximately -160,000 acre-ft/yr.  It is noted that this 
time period was used as it matches the calibration period for the Tule Subbasin groundwater flow 
model used to evaluate future projects and management actions for the subbasin.  However, the 
average hydrology over the time period is relatively dry (see Figure 2-28) and the resulting change 
in storage is not representative of long-term average conditions.  A groundwater change in storage 
value representative of average hydrological conditions is provided in Section 2.3.2.5 for the 
period 1990/91 to 2009/10.   

2.3.2.4 Overdraft  §354.18 (b)(5) 

 

The average annual change in groundwater storage over the period from 1990/91 to 2009/10, 
which represents average hydrologic conditions within the Tule Subbasin, was approximately  
-115,300 acre-ft/yr. This value represents the average annual historical overdraft of the subbasin. 

2.3.2.5 Water Year Type  §354.18 (b)(6) 

 

§ 354.18. (b) (4) The change in the annual volume of groundwater in storage between seasonal high 
conditions. 

§ 354.18. (b) (5) If overdraft conditions occur, as defined in Bulletin 118, the water budget shall include 
a quantification of overdraft over a period of years during which water year and water supply conditions 
approximate average conditions. 

 

§ 354.18. (b) (6) The water year type associated with the annual supply, demand, and change in 
groundwater stored. 
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All water budget elements and change in groundwater storage presented herein are based on a 
water year, which begins October 1 and ends September 30.  Water year types with respect to 
hydrologic conditions (i.e. above average, average or below average precipitation conditions based 
on Figure 2-28) are shown in the historical water budget tables (Tables 2-2a, 2-2b, and 2-3). 

2.3.2.6 Sustainable Yield  §354.18 (b)(7) 

 

Sustainable yield is defined in the Sustainable Groundwater Management Act (SGMA) Chapter 2, 
§10721 (v) as:  

The maximum quantity of water, calculated over a base period representative of long-term 
conditions in the basin and including any temporary surplus, that can be withdrawn annually 

from a groundwater supply without causing an undesirable result. 

The Sustainable Yield of the Tule Subbasin is a function of the overall water balance of the area.  
Changes in surface water/groundwater inflow to the basin and surface water/groundwater outflow 
from the basin impact the Sustainable Yield.  As groundwater management and land use changes 
impact the water balance, they also impact the Sustainable Yield.  A generalized expression of the 
water balance is as follows: 

Inflow – Outflow = +/- Change in Storage   (1) 

The water balance equation for pre-developed conditions (prior to human occupation) can be 
further expressed as: 

(Ipr + Istr + Iss + Imb)  –  (Oss + Oet) = S   (2) 

Where: 

Ipr = Inflow from Areal Recharge of Precipitation 
Istr = Inflow from Infiltration of Runoff in Stream Beds 
Iss = Inflow from Subsurface Underflow 
Imb = Inflow from Mountain-Block Recharge 
Oss = Subsurface Outflow 
Oet = Evapotranspiration 

§ 354.18. (b) (7) An estimate of sustainable yield for the basin. 

 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

39 
 

S = Change in Groundwater Storage 

Under pre-developed conditions, the groundwater basin would be in a state of equilibrium such 
that the inflow and outflow would balance and there would be no significant long-term change in 
storage assuming a static climatic condition.  Under this condition, groundwater levels would be 
relatively stable. 

Under developed land use conditions, the water balance changes as groundwater is pumped from 
the basin for irrigation and municipal supply.  Lowering of the groundwater table resulting from 
pumping reduces the amount of groundwater that would otherwise leave the basin and reduces 
evapotranspiration losses in areas of shallow groundwater (e.g. Tulare Lake).  Some of the pumped 
groundwater used for irrigation infiltrates past the roots of the plants and returns to the groundwater 
as return flow.  Water imported into the area is applied to crops but some is lost as infiltration in 
unlined canals and as return flow.  Groundwater return flow also occurs as a result of discharges 
from individual septic systems.  Other sources of recharge to the groundwater under developed 
land use include wastewater treatment plant discharges and artificial recharge in spreading basins.   

The water balance equation for developed land use conditions can be modified as follows: 

(Ipr + Istr + Ican + Iar + Irfgw + Irfimp + Icom+ Iss + Imb)  –  (Oss + Oet + Op) = S  (3) 

Where: 

Ican =  Inflow from Canal Losses 
Iar =  Inflow from Artificial Recharge 
Irfgw =  Inflow from Return Flow of Applied Water from Groundwater Pumping 
Irfimp =  Inflow from Return Flow of Applied Water from Imported Water 
Icom =  Inflow of Water Released from Compression of Aquitards 
Op=  Outflow from Groundwater Pumping 

If the inflow terms exceed the outflow terms, then the groundwater in storage increases (become 
positive) and groundwater levels rise.  If the outflow terms exceed the inflow, then the groundwater 
in storage decreases (become negative) and groundwater levels drop.  It is assumed that the 
Sustainable Yield of the Tule Subbasin is the long-term average groundwater pumping rate, under 
projected land use conditions, that results in no significant long-term net negative change in 
groundwater storage in the basin.  Based on this premise, the water balance equation can be 
rearranged and simplified to estimate Sustainable Yield: 

Sustainable Yield = S + Op – Ican - Iar - Irfimp - Icom    (4) 
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Thus, if the change in groundwater storage over the planning period is zero and there is no imported 
water or release of water from compression of aquitards, then the Sustainable Yield is equal to the 
pumping.  This relationship is valid if the following conditions are met: 

1. The Sustainable Yield incorporates a hydrology that is representative of a relatively long 
period of record that includes multiple wet and dry hydrologic cycles. 

2. The land use conditions are representative of the time period. 

The Sustainable Yield can also be expressed as all of the components of the water balance not 
explicitly expressed in Equation 4: 

Sustainable Yield = Ipr + Istr + Irfgw + Iss + Imb - Oss   (5) 

It is noted that the Tule Subbasin Technical Advisory Committee has determined that recharge to 
the Tule Subbasin associated with the delivery of imported water and the diversion of water from 
the Tule River and Deer Creek associated with Pre-1914 water rights will not be included in the 
Sustainable Yield of the subbasin.  This includes canal losses from delivery of imported water and 
diverted stream flow, deep percolation of applied imported water and diverted stream flow, and 
managed recharge in basins. 

Applying Equations 4 and 5 to the historical water budget of the Tule Subbasin does not result in 
a representative Sustainable Yield because the subbasin was in overdraft during the historical water 
budget period.  Groundwater pumping depressions that have developed in the western portion of 
the subbasin have historically captured groundwater that would have otherwise left the subbasin.  
This increase in groundwater inflow and subsequent decrease in groundwater outflow increased 
the apparent Sustainable Yield, which was reported to be approximately 257,725 acre-ft/yr based 
on the water budget from water year 1990/91 to 2009/10 (TH&Co, 2017).  However, since the 
downward groundwater trends that resulted in this condition are not sustainable, the associated 
Sustainable Yield from this water budget is not representative.  

The Sustainable Yield of the Tule Subbasin will change in the future as a result of changes in 
groundwater levels and flow associated with planned projects and management actions and 
changes in deep percolation of applied water (i.e. return flow) from reduced groundwater pumping.  
Most of the GSAs in the subbasin plan management actions that include a reduction in irrigated 
acreage to address the need to reduce groundwater production.  This necessary action will change 
the water budget by not only decreasing outflow from groundwater pumping but also reducing 
deep percolation of applied water (return flow) and changing the dynamics of inflow and outflow 
at the subbasin boundaries.  This new water budget regime will result in a Sustainable Yield that 
is different from what was realized historically.  Thus, the Sustainable Yield of the Tule Subbasin 
presented herein was estimated based on the projected future water budget (see Section 2.3.5), 
which is more representative than the Sustainable Yield from the historical water budget. 
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The projected water budget that was the basis for the Sustainable Yield estimate was developed 
using a calibrated groundwater flow model of the Tule Subbasin (TH&Co, 2019).  The projected 
water budgets incorporated all planned projects and management actions of the Tule Subbasin 
GSAs as well as adjustments to hydrology and water deliveries from climate change guidelines 
provided by the CDWR (see Section 2.3.5).  In order to address uncertainty in the model results, 
the projected water budget was initially analyzed with 240 realizations of the groundwater flow 
model.  In each realization, aquifer parameters, consumptive use, and mountain front recharge 
were varied within acceptable ranges that produced acceptable overall model calibrations.  The 
resulting water budgets were processed, based on Equation 5 above, to produce Sustainable Yield 
estimates for each year of the 50-yr implementation and planning horizon (2020 to 2070).  Of the 
original 240 model realizations, 175 resulted in a projected average annual change in groundwater 
storage greater than -5,000 acre-ft/yr.  The average Sustainable Yield for the time period from 
2040 to 2050 was used as the Sustainable Yield for the 175 model realizations resulting in greater 
than -5,000 acre-ft/yr of annual storage change.  The 175 estimates of Sustainable Yield formed a 
normal distribution when plotted (see Figure 2-32).  The time period from 2040 to 2050 was 
selected because it occurs after all planned projects and management actions have been 
implemented but before the time when long-term climate change adjustments to hydrology and 
water deliveries are applied to the projected water budget (2050).  The long-term climate change 
adjustments were not considered as reliable as the near-term adjustments. 

The projected future Sustainable Yield of the Tule Subbasin, which is the 50th percentile of the 
distribution of estimates derived from the uncertainty analysis, is estimated to be approximately 
130,000 acre-ft/yr (see Table 2-4).  The plausible range of Sustainable Yield was selected as the 
values between the 20th and 80th percentile, resulting in a range of approximately 108,000 to 
162,000 acre-ft/yr (see Figure 2-32).  The projected Sustainable Yield does not include: 

• Water released to the aquifer system from the compression of aquitards, 
• Diverted Tule River water canal losses, recharge in basins, and deep percolation of applied 

water, 
• Diverted Deer Creek water canal losses, recharge in basins, and deep percolation of applied 

water, 
• Imported water canal losses, recharge in basins, and deep percolation of applied water, and 
• Deep percolation of applied recycled water and recycled water recharge in basins. 

Each GSA will determine their allowable groundwater pumping by multiplying that GSA’s 
proportionate areal coverage of the Tule Subbasin times the total Sustainable Yield of the subbasin 
(130,000 acre-ft/yr), as described in the Coordination Agreement.  The estimated consumptive use 
rate that can be sustained under the Subbasin-wide Sustainable Yield is 65,000 acre-ft/yr.  When 
applied across the entire 475,895 acres of the subbasin, this consumptive use rate is approximately 
0.14 acre-ft/acre.  This consumptive use rate incorporates consumptive use from both agriculture 
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and municipal demand.  This “sustainable” consumptive use rate does not equal the Sustainable 
Yield on an acre-ft/acre basis because it does not account for irrigation return flow and changes to 
subbasin inflow and outflow caused by changes in pumping stress within the subbasin. It is noted 
that the consumptive use rate of 0.14 acre-ft/acre is for irrigation water only (i.e. does not include 
consumptive use of precipitation) and is the baseline sustainable consumptive use as applied across 
the entire subbasin. Each GSA will individually estimate their total allowable consumptive use as 
the sum of the baseline sustainable consumptive use, available precipitation, and surface water 
supplies.   

As additional data become available and as projects and management plans are implemented, the 
groundwater flow model used to estimate the Sustainable Yield of the Tule Subbasin will be 
updated and the Sustainable Yield may be adjusted to reflect the new data. 

2.3.3. Current Water Budget  §354.18 (c)(1) 

 

The surface water and groundwater budget for the Tule Subbasin in 2017 is shown in Tables 2-2a, 
2-2b, and 2-3.  Total groundwater inflow to the subbasin for water year 2016/17 was approximately 
855,000 acre-ft.  Total groundwater outflow from the subbasin for water year 2016/17 was 
approximately 550,000 acre-ft.  The net change in storage during the water year was approximately 
305,000 acre-ft. 

2.3.4. Historical Water Budget  §354.18 (c)(2) 

 

§ 354.18. (c) Each Plan shall quantify the current, historical, and projected water budget for the basin as follows: 

(1) Current water budget information shall quantify current inflows and outflows for the basin using the 
most recent hydrology, water supply, water demand, and land use information. 

§ 354.18. (c) (2) Historical water budget information shall be used to evaluate availability or reliability 
of past surface water supply deliveries and aquifer response to water supply and demand trends relative 
to water year type. The historical water budget shall include the following: 

(A) A quantitative evaluation of the availability or reliability of historical surface water supply 
deliveries as a function of the historical planned versus actual annual surface water deliveries, 
by surface water source and water year type, and based on the most recent ten years of surface 
water supply information. 

(B) A quantitative assessment of the historical water budget, starting with the most recently 
available information and extending back a minimum of 10 years, or as is sufficient to calibrate 
and reduce the uncertainty of the tools and methods used to estimate and project future water 
budget information and future aquifer response to proposed sustainable groundwater 
management practices over the planning and implementation horizon. 

(C) A description of how historical conditions concerning hydrology, water demand, and 
surface water supply availability or reliability have impacted the ability of the Agency to operate 
the basin within sustainable yield. Basin hydrology may be characterized and evaluated using 
water year type. 
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The historical surface water and groundwater budgets for the Tule Subbasin are shown in Tables 
2-2a, 2-2b, and 2-3 and described in Sections 2.3.1 and 2.3.2. Historical surface water and 
groundwater budgets for each of the six GSAs in the subbasin are provided in: 

• Appendix A - LTRID GSA. 
• Appendix B – ETGSA 
• Appendix C – DEID GSA 
• Appendix D – Pixley GSA 
• Appendix E – Tri-County Water Authority GSA 
• Appendix F – Alpaugh GSA 

Sources of surface water supply to agriculture in the Tule Subbasin include diverted stream flow 
from the Tule River and Deer Creek and imported supplies delivered via the Friant-Kern Canal, 
State Water Project, and other diverted streamflow from streams located outside the subbasin (i.e. 
King’s River).  A comparison of water rights and annual water deliveries for the 10-yr period from 
2007/08 to 2016/17 is provided for the Tule River and Friant-Kern Canal in Table 2-5.  As shown, 
total Tule River water diversions during the 10-yr period are approximately 90 percent of the sum 
of diversion rights over that period.  The primary reason for this is that the 10-yr period from 
2007/08 to 2016/17 was relatively dry with precipitation approximately 69 percent of long-term 
average (see Figure 2-28).  Friant-Kern Canal deliveries to agencies with contracts within the Tule 
Subbasin have also been below the sum of Class I and Class II contract amounts for most of the 
10-yr period.  However, many contractors sell a portion of their available supply from the canal to 
other agencies.  Likewise, some contractors (e.g. Kern-Tulare Water District) purchase additional 
supplies from the canal from other contractors.  Thus, while precipitation trends do effect the 
volume of water available to Friant-Kern Canal contractors (the precipitation amounts during the 
10-yr period from 2007/08 to 2016/17 are below average), it is difficult to compare planned versus 
actual deliveries based on these data. 

The primary surface water supply issue affecting the ability of agencies to operate within the 
Sustainable Yield of the subbasin is reduced delivery capacity in the Friant-Kern Canal due to land 
subsidence.  Land subsidence has lowered the canal elevation in certain areas resulting in a 
reduction in downstream canal delivery capacity.  Reduced deliveries due to land subsidence can 
result in greater groundwater pumping to meet agricultural water demand.  While the reduced 
supply capacity of the Friant-Kern Canal is not the primary reason for the overdraft observed in 
the Tule Subbasin from 1986/87 to 2016/17, it is a contributing factor. 

2.3.5. Projected Water Budget  §354.18 (c)(3) 

A projected water budget for the Tule Subbasin has been developed to incorporate the planned 
projects and management actions of each of the six GSAs for achieving sustainability (see Tables 
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2-6 and 2-7).  The projects and management actions were incorporated into the groundwater flow 
model of the Tule Subbasin for the projected time period from 2020 to 2070 in order to assess the 
sustainability of the planned actions, assess the interaction of the planned actions on groundwater 
levels between the GSAs, and estimate the Sustainable Yield of the subbasin.  The model 
projection also incorporated adjustments to the hydrology and water deliveries to account for 
potential climate change.  The final projected water budget is the one that produced the 50th 
percentile Sustainable Yield estimate (see Section 2.3.2.7 herein).  The projected surface water 
and groundwater budgets are shown in Tables 2-8a, 2-8b, and 2-9.  Projected water budgets for 
each of the six GSAs are provided in Appendices A through F. 

Baseline Tule River flows, Friant-Kern Canal deliveries, and the State Water Project’s California 
Aqueduct deliveries used in the future projection for the model were adjusted to account for 
projections of future climate change.  Adjustments were applied based on output from the DWR’s 
CalSim-II model, which provided adjusted historical hydrology for major drainages and imported 
supplies based on scenarios recommended by the DWR Climate Change Technical Advisory 
Group.1  Climate change adjustments to hydrology and surface water deliveries were applied over 
two time periods within the SGMA planning horizon, as defined by California Water Commission 
(2016)2: 

1. A 2030 central tendency time period, which provides near-term projections of potential 
climate change impacts on hydrology, centered on the year 2030, and 

2. A 2070 central tendency time period, which provides long-term projections of potential 
climate change impacts on hydrology, centered on the year 2070. 

For imported water supplies from the Friant-Kern Canal, TH&Co utilized projected delivery 
schedules from the Friant Water Authority (Friant Water Authority, 2018).  The projected water 
deliveries include adjustments to supplies associated with the planned San Joaquin River 
Restoration Project (SJRRP).  Adjustments to Friant-Kern Canal supplies to account for climate 
change and SJRRP were applied beginning in 2025.  The adjustments were applied incrementally 
between 2025 and 2030 such that the full adjustments were in effect in 2030.  TH&Co applied the 
2070 central tendency time period climate-related adjustments to imported water deliveries in the 
Tule Subbasin model projection for the period from 2050 to 2070. 

 
1 DWR Climate Change Technical Advisory Group, 2015.  Perspectives and Guidance for Climate Change Analysis.  
DWR Technical Information Record. 

2 California Water Commission, 2016.  Technical Reference – Water Storage Investment Program.  Dated November 
2016. 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

45 
 

2.4 Management Areas  §354.20 

 

Of the six GSAs within the Tule Subbasin, four have identified separate management areas within 
their boundaries (see Figure 2-33).  The management areas are as follows: 

 LTRID GSA 

  Tipton Management Area 
  Woodville Management Area 
  Poplar Management Area 
  Lower Tule Southwest Management Area 

 ETGSA 

  Porterville Community Management Area 
  Terra Bella Community Management Area 
  Ducor Community Management Area 
  Kern-Tulare Management Area 
  Greater Eastern Tule Management Area 

 DEID GSA 

  Annex Management Area 

 Pixley GSA 

  Pixley Management Area 
  Teviston Management Area 

In addition to the management areas identified for each GSA, a separate land subsidence 
monitoring area has been identified for the eastern portion of the subbasin in the vicinity of the 
Friant-Kern Canal (see Figure 2-36).  This monitoring area was developed based on the extent of 
historical land subsidence observed along the Friant-Kern Canal, including model results of 
cumulative land subsidence calibrated to historical land subsidence rates measured from InSAR 
satellite data.  The recommended monitoring zone is approximately centered on the Friant-Kern 
Canal and extends from approximately two miles north of the Tule River on the north to 
approximately four miles south of the White River on the south.  The eastern extent was based on 
the 1-ft subsidence contour of cumulative subsidence between 1986 and 2017 from the calibrated 

§ 354.20. Management Areas 

(a) Each Agency may define one or more management areas within a basin if the Agency has determined that 
creation of management areas will facilitate implementation of the Plan. Management areas may define different 
minimum thresholds and be operated to different measurable objectives than the basin at large, provided that 
undesirable results are defined consistently throughout the basin. 

 



 

Tule Subbasin Setting                                                                                                              January 2020 

 

46 
 

groundwater flow model.  The western boundary of the monitoring zone is four miles from, and 
parallel to, the Friant-Kern Canal.  Land subsidence monitoring features in this monitoring area 
are detailed in the Tule Subbasin Monitoring Plan, which is Attachment 1 to the Tule Subbasin 
Coordination Agreement. 

2.4.1 Criteria for Management Areas   §354.20 (b)(1) 

 

The majority of the management areas are associated with communities that provide municipal 
water supply.  These communities have been delineated separately because the beneficial use of 
the groundwater produced within the management areas (municipal supply) is different than the 
beneficial use of groundwater across the majority of the subbasin (agriculture).  Other management 
areas were identified for portions of the subbasin with unique hydrogeology and areas where 
access to imported water is different than other portions of the GSA in which they are located. 

Management Areas categorized under the Community Management Area Type have been created 
to specifically address the needs of the Tule Subbasin’s population centers and communities.  
Future projects and management actions focused in these areas will seek to achieve the Tule 
Subbasin sustainability goal and improve access to safe, reliable drinking water supplies.  The 
boundaries for each Community Management Area consider existing County and/or City adopted 
Urban Development Boundaries, as well as the service area boundaries of the public water 
suppliers providing services to residents within these areas. 

In addition to community management areas, LTRID GSA has delineated a management area 
associated with lands outside and to the southwest of the LTRID service area that were annexed 
to the LTRID GSA (see Figure 2-33).  The Lower Tule Southwest Management Area was formed 
because it does not have the same access to surface water deliveries from the Friant-Kern Canal as 
the LTRID service area and, therefore, will require separate management actions than the rest of 
the GSA. 

ETGSA has delineated a separate management area for the Kern-Tulare Water District (Kern-
Tulare Management Area).  Wells from this area produce groundwater primarily from a deeper 
and separate aquifer system (i.e. Pliocene Marine and Santa Margarita Formation) than other parts 
of the ETGSA.  Groundwater level conditions in wells in this area are different than other areas of 
the ETGSA.  Additionally, the service area of Kern-Tulare Water District is divided between the 
Tule and Kern County Subbasins.  Future projects and management actions in this Management 
Area will focus on enabling Kern-Tulare Water District to achieve the sustainability goals of both 
the Tule and Kern County Subbasins while minimizing the need to alter its operations.  As such, 
Kern-Tulare Water District has developed their own monitoring plan for their service area. 

§ 354.20. (b) A basin that includes one or more management areas shall describe the following in the Plan: 

(1) The reason for the creation of each management area. 
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DEID GSA has delineated a management area associated with lands outside and to the west of the 
DEID service area.  These lands were annexed (Annex Management Area) to the DEID GSA.  The 
Annex Management Area was formed because it does not have the same access to surface water 
deliveries from the Friant-Kern Canal as the DEID service area and, therefore, will require separate 
management actions than the rest of the GSA. 

2.4.2 Minimum Thresholds and Measurable Objectives  §354.20 (b)(2) 

 

Minimum thresholds and measurable objectives are provided in the individual Groundwater 
Sustainability Plans (GSPs) for each GSA.  Model projection hydrographs for each representative 
monitoring site in each GSA are provided in Appendices A through F.   

2.4.3 Monitoring Plan  §354.20 (b)(3) 

 

The Tule Subbasin Technical Advisory Committee has developed a subbasin-wide monitoring 
plan, which describes the monitoring network and monitoring methodologies to be used to collect 
the data to be included in Tule Subbasin GSPs and annual reports.  The subbasin-wide monitoring 
plan is included as Attachment 1 to the Coordination Agreement.  Separate monitoring networks 
have been established for groundwater levels (see Figure 2-34), groundwater quality (see Figure 
2-35), land subsidence (see Figure 2-36) and surface water (see Figure 2-7).  For each monitoring 
network, the monitoring plan describes the monitoring features included in the plan, the monitoring 
procedure to be followed to collect the data, and the monitoring frequency.  The monitoring plan 
also includes an assessment of data gaps and a data management plan. 

A subset of groundwater level monitoring features in the monitoring plan have been identified as 
representative monitoring sites to be relied on for the purpose of assessing progress with respect 
to groundwater level sustainability in the subbasin.  The representative groundwater level 
monitoring sites are shown on Figure 2-34.  At least one representative groundwater level 
monitoring site has been identified within each management area.  Where possible based on 
available wells, representative monitoring sites have been chosen with perforations exclusively in 
either the Upper or Lower Aquifer.  To provide adequate spatial coverage of the subbasin, some 
representative monitoring sites include perforations across multiple aquifers until new monitoring 
features can be constructed.  Representative groundwater level monitoring wells will be equipped 
with pressure transducers to measure groundwater levels on a daily basis. 

§ 354.20. (b) (2) The minimum thresholds and measurable objectives established for each management 
area, and an explanation of the rationale for selecting those values, if different from the basin at large. 

 

§ 354.20. (b) (3) The level of monitoring and analysis appropriate for each management area. 
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Representative land subsidence monitoring sites are shown on Figure 2-36.  All of these 
monitoring sites consist of GPS stations along the Friant-Kern Canal for the purpose of assessing 
progress with respect to arresting land subsidence along the canal.  Land surface elevation 
measurements at the GPS stations will be monitored quarterly (every four months). 

2.4.4 Coordination with Adjacent Areas  §354.20 (b)(4) 

 

The minimum thresholds described in each GSA’s GSP have been informed through an analysis 
of potential future groundwater levels in the subbasin using a numerical groundwater flow model 
that incorporates future planned projects and management actions of each of the GSAs.  The 
minimum thresholds have been developed such that maintenance of groundwater levels above 
those levels should preserve beneficial uses of the groundwater and prevent undesirable results 
with respect to groundwater levels, groundwater storage, and land subsidence within the 
management area, GSA and adjacent areas.  Management of the Tule Subbasin is adaptive.  As 
management actions and projects are implemented throughout the subbasin and as additional data 
are collected through the Tule Subbasin Monitoring Plan, minimum threshold values and 
measurable objectives may change.  Changes to basin management to address undesirable results 
will be conducted through the Tule Subbasin TAC in accordance with the Tule Subbasin 
Coordination Agreement. 

 

 

 

  

§ 354.20. (b) (4) An explanation of how the management area can operate under different minimum 
thresholds and measurable objectives without causing undesirable results outside the management area, 
if applicable. 
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Basin Setting
Table 2-1

Geotracker 
Global ID Site Type Status Constituent of Concern

60001606 School Active Metals, Pesticides, Petroleum
54360008 State Response or NPL Active Freon 113, Lead, VOCs
54070051 State Response or NPL Active Herbicides, Pesticides, Lead, VOCs
60002076 State Response or NPL Active Cyanide, PAHS, SVOCs
54070296 Voluntary Cleanup Active Pesticides
60001216 Evaluation Active PCE
54070288 Evaluation Inactive - Needs Evaluation Zinc
54280106 Evaluation Inactive - Needs Evaluation Pesticides/Herbicides

T10000010424 Cleanup Program Site Open - Active NA
T0610740454 LUST Cleanup Site Open - Assessment & Interim Remedial Action Gasoline
T0610700023 Cleanup Program Site Open - Assessment & Interim Remedial Action Gasoline, Benzene
T0610700454 LUST Cleanup Site Open - Eligible for Closure Gasoline

T10000010850 LUST Cleanup Site Open - Eligible for Closure Gasoline, MTBE, TBA, other fuel 
oxygenates

T0610700430 LUST Cleanup Site Open - Eligible for Closure Gasoline
T0610700127 LUST Cleanup Site Open - Eligible for Closure Gasoline

SLT5FS354453 Cleanup Program Site Open - Inactive Nitrate, other Petroleum
SL375384617 Cleanup Program Site Open - Remediation Gasoline, Diesel, other Petroleum
SL205734285 Cleanup Program Site Open - Remediation VOCs
T0610700216 LUST Cleanup Site Open - Remediation Gasoline
T0610700256 LUST Cleanup Site Open - Site Assessment Kerosene
T0610700058 LUST Cleanup Site Open - Site Assessment Gasoline

SLT5FU104564 Cleanup Program Site Open - Site Assessment Pesticides/Herbicides
T0610793749 LUST Cleanup Site Open - Site Assessment Gasoline

Summary of Active Cleanup Sites Within the Tule Subbasin
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Chapter 2

Basin Setting
Table 2-1

Geotracker 
Global ID Site Type Status Constituent of Concern

Summary of Active Cleanup Sites Within the Tule Subbasin

T0610700064 LUST Cleanup Site Open - Site Assessment Gasoline
T0610700099 LUST Cleanup Site Open - Site Assessment Gasoline
T0610700469 LUST Cleanup Site Open - Verification Monitoring Gasoline

Notes:

LUST  = Leaky underground storage tank
NPL  = National Priorities List

VOCs  = Volatile Organic Compounds
PAHS  = Polynuclear aromatic hydrocarbons

SVOCs  = Semi-Volatile Organics
PCE  = Perchloroethylene

MTBE  = Methyl tert-butyl ether
TBA  = Tertiary Butyl Alcohol

Source  = https://geotracker.waterboards.ca.gov
NA  = Not available
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Table 2-2a

A B C D E F G H I J K L M N O P Q

Tule River Deer Creek White
River

Saucelito
ID

Terra Bella
ID

Kern-Tulare 
WD

Porterville 
ID

Tea Pot 
Dome WD LTRID Pixley ID Delano-

Earlimart ID
Angiola

WD
Alpaugh

ID
Atwell Island

WD
Agriculture
Pumping

Municipal
Pumping

1986 - 1987 Below Average 219,000 70,029 8,389 2,496 23,879 13,136 10,899 15,337 5,490 89,541 9,356 114,782 7,278 794 1,109 724,000 13,500 1,329,000
1987 - 1988 Average 315,000 39,842 6,095 1,420 19,666 21,961 12,210 13,067 5,493 64,654 0 110,345 3,530 0 0 768,000 15,100 1,396,000
1988 - 1989 Below Average 254,000 49,667 7,795 1,942 22,426 22,561 11,991 13,106 6,226 63,922 5,289 105,980 6,026 0 0 728,000 15,700 1,315,000
1989 - 1990 Below Average 245,000 29,342 4,706 778 16,166 23,159 11,371 11,520 6,193 24,325 0 83,837 3,847 0 0 838,000 16,300 1,315,000
1990 - 1991 Average 331,000 51,275 7,247 1,362 19,848 18,725 9,762 11,322 5,636 71,430 0 106,877 925 0 0 799,000 16,700 1,451,000
1991 - 1992 Below Average 285,000 34,325 4,080 739 21,336 20,743 11,700 15,569 6,607 51,949 0 92,567 1,611 0 0 817,000 17,000 1,380,000
1992 - 1993 Above Average 462,000 115,640 15,422 3,623 41,261 18,180 12,357 12,310 6,968 321,973 96,890 133,359 3,420 12,219 6,423 496,000 17,200 1,775,000
1993 - 1994 Below Average 293,000 61,313 6,908 1,148 22,064 18,740 14,255 12,895 6,526 71,784 7,793 92,394 3,640 3,605 2,000 791,000 17,600 1,427,000
1994 - 1995 Above Average 610,000 218,480 32,053 10,596 37,477 16,186 11,681 9,455 6,562 229,683 55,365 124,388 8,918 8,263 5,395 574,000 17,600 1,976,000
1995 - 1996 Average 321,000 174,473 23,095 5,957 48,924 21,617 15,415 13,808 7,993 236,845 60,931 144,069 12,551 11,130 5,267 508,000 17,800 1,629,000
1996 - 1997 Above Average 450,000 353,968 58,781 12,920 40,908 20,158 15,736 13,379 7,298 192,934 37,048 153,967 12,383 0 0 567,000 18,700 1,955,000
1997 - 1998 Above Average 728,000 439,125 88,360 36,764 28,221 13,165 11,745 10,159 4,913 101,180 41,823 119,815 7,460 0 0 630,000 17,900 2,279,000
1998 - 1999 Above Average 373,000 108,466 18,410 7,469 37,062 17,567 14,527 16,107 9,218 183,971 34,736 124,051 9,778 0 0 620,000 18,000 1,592,000
1999 - 2000 Average 354,000 102,354 15,230 4,878 39,734 19,200 16,476 15,545 7,191 177,192 40,076 134,272 8,118 0 253 651,000 18,900 1,604,000
2000 - 2001 Below Average 265,000 55,249 7,016 4,695 25,252 19,194 17,550 15,436 6,456 83,405 9,098 117,746 3,824 0 0 719,000 19,100 1,368,000
2001 - 2002 Below Average 252,000 73,206 10,370 6,176 26,131 20,234 15,088 13,628 6,388 78,511 13,588 126,747 2,932 0 0 713,000 20,900 1,379,000
2002 - 2003 Below Average 247,000 125,004 15,678 5,875 33,692 18,356 14,591 14,646 5,844 131,470 32,195 121,277 4,728 104 0 610,000 20,600 1,401,000
2003 - 2004 Below Average 207,000 51,738 6,882 2,350 26,988 20,352 15,755 14,698 6,913 71,472 9,839 127,364 3,434 0 0 656,000 21,700 1,242,000
2004 - 2005 Above Average 395,000 172,558 22,758 6,502 42,840 15,266 13,495 14,748 5,217 247,595 59,211 119,847 11,741 14,490 0 479,000 20,600 1,641,000
2005 - 2006 Above Average 401,000 195,667 23,868 7,588 45,106 21,763 14,507 13,251 6,436 194,019 60,634 121,005 10,909 16,112 0 490,000 21,600 1,643,000
2006 - 2007 Below Average 170,000 38,587 6,901 1,815 16,280 20,797 15,133 9,775 5,489 33,174 7,200 79,111 6,641 0 0 746,000 22,700 1,180,000
2007 - 2008 Below Average 189,000 74,030 8,411 2,355 24,083 18,192 17,689 12,988 6,894 71,872 12,243 106,470 2,165 0 0 637,000 23,000 1,206,000
2008 - 2009 Below Average 203,000 54,737 6,620 1,751 31,282 19,701 15,524 18,000 6,165 113,189 23,620 111,556 191 2,131 0 660,000 22,500 1,290,000
2009 - 2010 Average 325,000 144,778 16,470 5,080 42,855 17,574 14,027 14,335 5,845 200,064 32,972 118,671 3,243 2,671 0 483,000 21,800 1,448,000
2010 - 2011 Above Average 479,000 266,473 44,873 14,997 46,733 16,381 13,405 9,387 6,105 229,763 48,391 127,447 6,476 10,951 0 514,000 21,800 1,856,000
2011 - 2012 Below Average 302,000 87,533 11,311 3,334 19,189 19,757 14,309 9,318 4,680 67,684 5,914 114,108 3,156 943 0 730,000 22,500 1,416,000
2012 - 2013 Below Average 139,000 30,283 4,777 1,145 14,102 20,628 14,955 10,298 4,354 37,073 5,012 87,302 1,492 0 0 790,000 22,700 1,183,000
2013 - 2014 Below Average 99,000 13,171 2,957 535 5,724 12,390 9,986 178 1,030 0 0 38,106 1,048 0 0 900,000 21,900 1,106,000
2014 - 2015 Below Average 142,000 8,820 1,994 253 1,503 12,012 5,438 114 260 0 0 18,591 575 0 0 890,000 19,700 1,101,000
2015 - 2016 Below Average 217,000 74,330 14,559 4,547 20,049 14,357 11,805 13,271 4,627 73,382 3,442 93,806 587 0 0 614,000 19,700 1,179,000
2016 - 2017 Below Average 227,000 352,963 51,145 17,241 51,137 16,089 14,203 21,651 6,694 273,151 82,363 137,773 12,146 2,367 0 429,000 20,100 1,715,000

86/87-16/17 Avg 306,000 118,300 17,800 5,800 28,800 18,300 13,500 12,600 5,900 122,200 25,600 109,900 5,300 2,800 700 664,000 19,400 1,477,000

Tule Subbasin Historical Surface Water Budget
Surface Water Inflow (acre-ft)

Water Year Precipitation
Stream Inflow Imported Water Discharge from Wells

Total InWater Year
 Type

1 of 1 January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-2b

A B C D E F G H I J K L M N O P Q R S

Success to 
Oettle Bridge

Oettle Bridge to 
Turnbull Weir

Before Trenton 
Weir

Trenton Weir to 
Homeland Canal

1986 - 1987 Below Average 0 11,600 1,100 8,100 0 2,400 20,700 0 52,500 5,400 0 0 2,600 8,500 0 56,100 200 169,900 5,200
1987 - 1988 Average 4,000 8,000 900 5,800 0 1,300 8,800 0 32,700 5,000 0 0 3,200 5,500 0 48,100 200 183,200 5,400
1988 - 1989 Below Average 0 8,700 0 7,500 0 1,800 7,400 0 20,500 6,200 0 0 3,400 6,100 0 51,800 200 172,100 5,600
1989 - 1990 Below Average 0 5,000 0 4,400 0 700 2,900 0 7,400 3,700 0 0 3,600 2,700 0 36,200 200 199,700 5,700
1990 - 1991 Average 7,000 6,400 300 6,900 0 1,300 6,800 0 24,300 5,200 0 0 3,700 5,900 0 46,900 200 190,300 5,800
1991 - 1992 Below Average 1,000 4,300 0 3,800 0 700 3,100 0 16,100 3,700 0 0 3,800 3,500 0 44,700 200 194,900 5,900
1992 - 1993 Above Average 57,000 18,500 3,000 15,100 0 3,500 27,800 0 184,400 8,200 0 5,600 3,900 16,800 0 118,000 200 111,300 6,000
1993 - 1994 Below Average 2,000 6,100 200 6,600 0 1,100 14,200 0 35,600 5,000 0 700 4,000 8,700 0 51,800 200 187,400 6,100
1994 - 1995 Above Average 144,000 36,400 10,400 21,200 1,000 10,500 39,500 3,800 128,500 7,800 1,800 10,400 3,900 34,600 1,000 88,900 200 130,900 6,100
1995 - 1996 Average 5,000 20,700 4,000 13,700 700 5,800 26,200 2,800 87,600 21,200 700 39,500 3,900 31,800 1,200 119,000 200 115,700 6,200
1996 - 1997 Above Average 50,000 34,600 9,700 45,100 1,800 12,800 47,300 6,900 64,200 25,300 1,900 14,100 4,300 31,400 700 117,300 200 130,700 6,300
1997 - 1998 Above Average 219,000 41,100 9,000 14,900 12,700 36,600 79,100 48,800 54,100 32,000 900 16,200 3,900 41,100 3,100 65,200 200 143,800 6,300
1998 - 1999 Above Average 18,000 14,300 2,800 13,300 600 7,300 19,500 2,500 58,200 17,600 400 19,800 3,900 14,100 300 88,700 200 143,200 6,400
1999 - 2000 Average 12,000 16,900 2,900 10,100 600 4,800 11,100 2,400 64,400 8,900 500 13,000 4,200 15,200 300 93,200 200 152,400 6,500
2000 - 2001 Below Average 0 12,300 0 6,700 0 4,600 7,000 0 28,500 5,000 0 2,700 4,300 7,800 0 61,700 200 169,600 6,600
2001 - 2002 Below Average 0 14,800 700 10,100 0 6,100 13,400 0 24,800 5,800 0 100 4,900 9,000 0 65,200 300 169,100 6,900
2002 - 2003 Below Average 0 19,700 3,700 13,600 100 5,800 22,800 400 53,600 12,200 300 5,000 4,800 11,500 200 65,700 200 123,200 6,900
2003 - 2004 Below Average 0 9,900 300 6,600 0 2,300 7,700 0 19,600 3,900 0 0 5,100 6,200 0 57,800 200 134,000 7,100
2004 - 2005 Above Average 26,000 24,200 4,700 14,400 400 6,400 22,900 1,500 91,200 19,000 2,900 32,000 2,400 15,300 700 89,700 500 92,600 7,100
2005 - 2006 Above Average 28,000 28,100 7,200 14,400 900 7,500 40,500 3,400 78,000 23,300 3,200 26,600 2,000 29,300 400 91,000 700 95,700 7,300
2006 - 2007 Below Average 0 6,200 1,500 6,600 0 1,700 5,100 0 15,500 4,300 0 100 2,000 4,800 0 36,000 700 151,600 7,500
2007 - 2008 Below Average 0 11,700 1,100 8,100 0 2,300 15,900 0 22,100 6,900 0 1,600 2,000 7,800 0 45,500 800 129,700 7,600
2008 - 2009 Below Average 0 9,500 1,400 6,300 0 1,600 7,100 0 43,800 5,200 0 8,100 2,000 7,600 0 57,400 700 135,300 7,600
2009 - 2010 Average 6,000 25,600 4,500 16,100 0 5,000 34,600 0 72,700 14,300 0 29,900 2,000 19,200 0 77,700 600 93,900 7,500
2010 - 2011 Above Average 65,000 37,100 7,500 24,400 1,300 14,800 82,400 5,000 89,500 39,000 9,700 45,700 2,000 30,300 1,400 84,700 600 101,900 7,600
2011 - 2012 Below Average 3,000 13,600 300 11,000 0 3,200 17,800 0 23,100 8,100 0 7,000 2,000 11,900 0 46,200 700 151,300 7,700
2012 - 2013 Below Average 0 4,900 0 4,500 0 1,000 4,400 0 13,000 5,300 0 100 2,000 3,400 0 35,000 700 165,100 7,800
2013 - 2014 Below Average 0 2,300 0 2,700 0 400 0 0 0 3,800 0 0 2,000 1,000 0 13,000 600 183,400 7,700
2014 - 2015 Below Average 0 1,000 0 1,800 0 200 0 0 0 3,600 0 0 2,000 1,100 0 5,600 500 178,800 7,500
2015 - 2016 Below Average 0 16,000 5,500 14,300 0 4,400 11,400 0 28,600 6,600 0 3,700 2,000 5,900 0 35,300 400 123,500 7,600
2016 - 2017 Below Average 0 42,100 15,900 37,000 800 17,100 82,600 3,100 133,700 37,300 3,700 61,000 2,000 41,400 1,400 99,000 500 83,300 7,700

86/87-16/17 Avg 21,000 16,500 3,200 12,100 700 5,600 22,300 2,600 50,600 11,600 800 11,100 3,200 14,200 300 64,300 400 145,400 6,700

Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Tule Subbasin Historical Surface Water Budget
Surface Water Outflow (acre-ft)

Canal Loss Recharge in Basins Deep Percolation of Applied Water

Deer
Creek

Imported
Water

Imported
Water

Water Year Tule
River

Tule
River

Deer
Creek

Streambed Infiltration

Areal
Recharge of
Precipitation

Tule River Native Deer Creek
White
River

Recycled
Water

Water Year 
Type Deer

Creek
Imported

Water
Tule
River

Agricultural 
Pumping

Municipal
Pumping

Recycled
Water
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-2b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 
Cons. Use

Stream 
Channel

Agricultural 
Cons. Use

Stream 
Channel

Stream 
Channel

Agricultural 
Cons. Use

Recharge
in Basins

Agricultural 
Cons. Use

1986 - 1987 Below Average 219,000 24,700 800 0 300 100 183,000 553,900 50 700 4,800 0 0 1,332,000
1987 - 1988 Average 311,000 13,800 400 0 300 100 170,100 584,700 50 900 5,300 0 0 1,399,000
1988 - 1989 Below Average 254,000 17,600 400 0 300 100 185,200 556,200 50 1,000 5,500 0 0 1,312,000
1989 - 1990 Below Average 245,000 8,800 400 0 300 100 136,700 638,100 50 1,000 5,700 0 0 1,308,000
1990 - 1991 Average 324,000 16,800 500 0 300 100 173,300 608,700 50 1,000 5,900 0 0 1,442,000
1991 - 1992 Below Average 284,000 10,800 400 0 300 100 161,300 622,000 50 1,100 6,000 0 0 1,372,000
1992 - 1993 Above Average 406,000 34,900 800 0 400 100 357,500 385,000 50 1,100 6,100 0 0 1,771,000
1993 - 1994 Below Average 291,000 21,100 500 0 300 100 167,600 603,800 50 1,100 6,200 0 0 1,421,000
1994 - 1995 Above Average 466,000 71,600 900 2,900 400 100 285,600 442,700 50 1,100 6,200 25,000 0 1,983,000
1995 - 1996 Average 316,000 62,600 1,000 3,600 400 100 332,300 392,200 50 1,100 6,300 7,000 0 1,629,000
1996 - 1997 Above Average 399,000 57,100 1,000 2,000 400 100 298,200 436,100 50 1,200 6,600 121,000 0 1,927,000
1997 - 1998 Above Average 509,000 98,000 1,000 9,100 400 200 203,000 485,800 50 1,100 6,300 132,000 0 2,274,000
1998 - 1999 Above Average 354,000 37,700 1,000 1,000 400 200 280,600 477,200 50 1,100 6,300 0 0 1,591,000
1999 - 2000 Average 342,000 39,200 700 900 400 100 286,800 498,600 50 1,200 6,600 5,000 0 1,601,000
2000 - 2001 Below Average 264,000 21,900 700 0 300 100 205,000 548,900 50 1,200 6,700 0 0 1,366,000
2001 - 2002 Below Average 252,000 22,600 700 0 300 100 213,200 543,800 50 1,400 7,400 0 0 1,373,000
2002 - 2003 Below Average 247,000 37,500 700 700 400 100 252,500 487,300 50 1,400 7,300 5,000 0 1,390,000
2003 - 2004 Below Average 207,000 18,200 600 0 300 100 219,400 522,200 50 1,500 7,700 1,000 0 1,239,000
2004 - 2005 Above Average 369,000 43,800 800 2,500 400 100 322,200 386,800 50 3,300 7,300 22,000 0 1,612,000
2005 - 2006 Above Average 373,000 58,800 800 1,300 400 100 308,200 394,100 50 4,000 7,600 11,000 0 1,647,000
2006 - 2007 Below Average 170,000 14,200 400 0 300 100 142,000 594,200 50 4,400 8,000 0 0 1,177,000
2007 - 2008 Below Average 189,000 24,300 600 0 300 100 203,400 507,600 50 4,500 8,100 1,000 0 1,202,000
2008 - 2009 Below Average 203,000 22,300 500 0 300 100 233,000 524,600 50 4,200 7,900 0 0 1,290,000
2009 - 2010 Average 320,000 45,400 800 0 400 100 275,700 388,600 50 3,900 7,700 0 0 1,452,000
2010 - 2011 Above Average 414,000 65,300 800 4,700 400 200 295,900 412,300 50 3,800 7,700 8,000 0 1,863,000
2011 - 2012 Below Average 299,000 33,800 600 0 300 100 182,700 578,500 50 4,100 7,900 10,000 0 1,424,000
2012 - 2013 Below Average 139,000 10,300 500 0 300 100 147,100 625,000 50 4,200 8,000 0 0 1,182,000
2013 - 2014 Below Average 99,000 2,400 300 0 300 100 55,500 716,500 50 3,800 7,700 0 0 1,103,000
2014 - 2015 Below Average 142,000 2,300 300 0 200 100 32,900 711,500 50 2,700 7,000 0 0 1,101,000
2015 - 2016 Below Average 217,000 19,400 500 0 300 100 167,700 490,200 50 2,700 7,000 0 0 1,170,000
2016 - 2017 Below Average 227,000 67,100 900 4,800 400 200 323,800 345,900 50 2,800 7,100 71,000 0 1,721,000

86/87-16/17 Avg 286,000 33,000 700 1,100 300 100 219,400 518,200 50 2,200 6,800 14,000 0 1,474,000

Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Total OutAg. Cons. 
Use from 
Pumping

Evapotranspiration

Tule River

Tule River

Tule Subbasin Surface Water Budget

Surface Outflow

Surface Water Outflow (acre-ft)

Water Year
Deer Creek Recycled Water

Deer
Creek

Municipal 
(Landscape ET)

Precipitation
Crops/Native

Water Year Type
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-3

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural
Return Flow

Artificial
Recharge

1986 - 1987 Below Average 0 11,600 1,100 20,700 5,400 8,500 8,100 0 0 0 0 2,400 52,500 0 56,100 169,900 5,200 200 2,600 120,000 113,000 28,000 605,000
1987 - 1988 Average 4,000 8,000 900 8,800 5,000 5,500 5,800 0 0 0 0 1,300 32,700 0 48,100 183,200 5,400 200 3,200 88,000 131,000 29,000 560,000
1988 - 1989 Below Average 0 8,700 0 7,400 6,200 6,100 7,500 0 0 0 0 1,800 20,500 0 51,800 172,100 5,600 200 3,400 71,000 131,000 29,000 522,000
1989 - 1990 Below Average 0 5,000 0 2,900 3,700 2,700 4,400 0 0 0 0 700 7,400 0 36,200 199,700 5,700 200 3,600 132,000 133,000 29,000 566,000
1990 - 1991 Average 7,000 6,400 300 6,800 5,200 5,900 6,900 0 0 0 0 1,300 24,300 0 46,900 190,300 5,800 200 3,700 126,000 144,000 29,000 610,000
1991 - 1992 Below Average 1,000 4,300 0 3,100 3,700 3,500 3,800 0 0 0 0 700 16,100 0 44,700 194,900 5,900 200 3,800 143,000 140,000 30,000 599,000
1992 - 1993 Above Average 57,000 18,500 3,000 27,800 8,200 16,800 15,100 0 0 0 0 3,500 184,400 5,600 118,000 111,300 6,000 200 3,900 44,000 93,000 30,000 746,000
1993 - 1994 Below Average 2,000 6,100 200 14,200 5,000 8,700 6,600 0 0 0 0 1,100 35,600 700 51,800 187,400 6,100 200 4,000 85,000 123,000 30,000 568,000
1994 - 1995 Above Average 144,000 36,400 10,400 39,500 7,800 34,600 21,200 1,000 3,800 1,800 1,000 10,500 128,500 10,400 88,900 130,900 6,100 200 3,900 33,000 101,000 30,000 845,000
1995 - 1996 Average 5,000 20,700 4,000 26,200 21,200 31,800 13,700 700 2,800 700 1,200 5,800 87,600 39,500 119,000 115,700 6,200 200 3,900 19,000 95,000 27,000 647,000
1996 - 1997 Above Average 50,000 34,600 9,700 47,300 25,300 31,400 45,100 1,800 6,900 1,900 700 12,800 64,200 14,100 117,300 130,700 6,300 200 4,300 19,000 111,000 28,000 763,000
1997 - 1998 Above Average 219,000 41,100 9,000 79,100 32,000 41,100 14,900 12,700 48,800 900 3,100 36,600 54,100 16,200 65,200 143,800 6,300 200 3,900 17,000 126,000 30,000 1,001,000
1998 - 1999 Above Average 18,000 14,300 2,800 19,500 17,600 14,100 13,300 600 2,500 400 300 7,300 58,200 19,800 88,700 143,200 6,400 200 3,900 18,000 122,000 30,000 601,000
1999 - 2000 Average 12,000 16,900 2,900 11,100 8,900 15,200 10,100 600 2,400 500 300 4,800 64,400 13,000 93,200 152,400 6,500 200 4,200 20,000 131,000 30,000 601,000
2000 - 2001 Below Average 0 12,300 0 7,000 5,000 7,800 6,700 0 0 0 0 4,600 28,500 2,700 61,700 169,600 6,600 200 4,300 42,000 142,000 30,000 531,000
2001 - 2002 Below Average 0 14,800 700 13,400 5,800 9,000 10,100 0 0 0 0 6,100 24,800 100 65,200 169,100 6,900 300 4,900 59,000 135,000 30,000 555,000
2002 - 2003 Below Average 0 19,700 3,700 22,800 12,200 11,500 13,600 100 400 300 200 5,800 53,600 5,000 65,700 123,200 6,900 200 4,800 42,000 123,000 29,000 544,000
2003 - 2004 Below Average 0 9,900 300 7,700 3,900 6,200 6,600 0 0 0 0 2,300 19,600 0 57,800 134,000 7,100 200 5,100 70,000 127,000 29,000 487,000
2004 - 2005 Above Average 26,000 24,200 4,700 22,900 19,000 15,300 14,400 400 1,500 2,900 700 6,400 91,200 32,000 89,700 92,600 7,100 500 2,400 26,000 96,000 29,000 605,000
2005 - 2006 Above Average 28,000 28,100 7,200 40,500 23,300 29,300 14,400 900 3,400 3,200 400 7,500 78,000 26,600 91,000 95,700 7,300 700 2,000 16,000 97,000 29,000 630,000
2006 - 2007 Below Average 0 6,200 1,500 5,100 4,300 4,800 6,600 0 0 0 0 1,700 15,500 100 36,000 151,600 7,500 700 2,000 78,000 125,000 29,000 476,000
2007 - 2008 Below Average 0 11,700 1,100 15,900 6,900 7,800 8,100 0 0 0 0 2,300 22,100 1,600 45,500 129,700 7,600 800 2,000 96,000 113,000 30,000 502,000
2008 - 2009 Below Average 0 9,500 1,400 7,100 5,200 7,600 6,300 0 0 0 0 1,600 43,800 8,100 57,400 135,300 7,600 700 2,000 125,000 108,000 30,000 557,000
2009 - 2010 Average 6,000 25,600 4,500 34,600 14,300 19,200 16,100 0 0 0 0 5,000 72,700 29,900 77,700 93,900 7,500 600 2,000 70,000 83,000 29,000 592,000
2010 - 2011 Above Average 65,000 37,100 7,500 82,400 39,000 30,300 24,400 1,300 5,000 9,700 1,400 14,800 89,500 45,700 84,700 101,900 7,600 600 2,000 34,000 93,000 29,000 806,000
2011 - 2012 Below Average 3,000 13,600 300 17,800 8,100 11,900 11,000 0 0 0 0 3,200 23,100 7,000 46,200 151,300 7,700 700 2,000 86,000 123,000 29,000 545,000
2012 - 2013 Below Average 0 4,900 0 4,400 5,300 3,400 4,500 0 0 0 0 1,000 13,000 100 35,000 165,100 7,800 700 2,000 145,000 130,000 29,000 551,000
2013 - 2014 Below Average 0 2,300 0 0 3,800 1,000 2,700 0 0 0 0 400 0 0 13,000 183,400 7,700 600 2,000 186,000 132,000 30,000 565,000
2014 - 2015 Below Average 0 1,000 0 0 3,600 1,100 1,800 0 0 0 0 200 0 0 5,600 178,800 7,500 500 2,000 189,000 124,000 30,000 545,000
2015 - 2016 Below Average 0 16,000 5,500 11,400 6,600 5,900 14,300 0 0 0 0 4,400 28,600 3,700 35,300 123,500 7,600 400 2,000 140,000 112,000 30,000 547,000
2016 - 2017 Below Average 0 42,100 15,900 82,600 37,300 41,400 37,000 800 3,100 3,700 1,400 17,100 133,700 61,000 99,000 83,300 7,700 500 2,000 61,000 95,000 29,000 855,000

86/87-16/17 Avg 21,000 16,500 3,200 22,300 11,600 14,200 12,100 700 2,600 800 300 5,600 50,600 11,100 64,300 145,400 6,700 400 3,200 77,000 118,000 29,000 617,000

Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Water Year Type Recharge
in Basins

Return
Flow

Recharge
in Basins

Tule River Infiltration Deer Creek Infiltration

Success to
Oettle Bridge

Infiltration

Oettle Bridge to 
Turnbull Weir

Infiltration

Canal
Loss

Trenton Weir
to Homeland

Canal 
Infiltration

Canal
Loss

Groundwater Inflows (acre-ft)

Mountain-
Block 

Recharge
Return
Flow

Areal
Recharge

from
Precipitation

Canal
Loss

Recharge
in Basins

Return
Flow

Municipal Pumping

Return
Flow

Recycled Water

Tule Subbasin Historical Groundwater Budget

Water Year
Before

Trenton
Weir 

Infiltration

White
River 

Infiltration
Total In

Agricultural
Pumping

Return Flow

Release of 
Water
from 

Compression
of Aquitards

Sub-
surface
Inflow

Imported Water Deliveries
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-3

W X Y Z AA

1986 - 1987 Below Average 13,500 724,000 6,550 0 61,000 805,000 -200,000
1987 - 1988 Average 15,100 768,000 34,180 0 53,000 870,000 -310,000
1988 - 1989 Below Average 15,700 728,000 38,290 0 51,000 833,000 -311,000
1989 - 1990 Below Average 16,300 838,000 50,430 0 53,000 958,000 -392,000
1990 - 1991 Average 16,700 799,000 46,300 0 61,000 923,000 -313,000
1991 - 1992 Below Average 17,000 817,000 41,250 0 52,000 927,000 -328,000
1992 - 1993 Above Average 17,200 496,000 14,550 0 73,000 601,000 145,000
1993 - 1994 Below Average 17,600 791,000 11,220 0 59,000 879,000 -311,000
1994 - 1995 Above Average 17,600 574,000 1,320 0 61,000 654,000 191,000
1995 - 1996 Average 17,800 508,000 0 0 65,000 591,000 56,000
1996 - 1997 Above Average 18,700 567,000 0 0 65,000 651,000 112,000
1997 - 1998 Above Average 17,900 630,000 0 0 62,000 710,000 291,000
1998 - 1999 Above Average 18,000 620,000 0 0 62,000 700,000 -99,000
1999 - 2000 Average 18,900 651,000 7,720 0 60,000 738,000 -137,000
2000 - 2001 Below Average 19,100 719,000 30,600 0 60,000 829,000 -298,000
2001 - 2002 Below Average 20,900 713,000 44,520 0 58,000 836,000 -281,000
2002 - 2003 Below Average 20,600 610,000 33,660 0 55,000 719,000 -175,000
2003 - 2004 Below Average 21,700 656,000 37,790 0 55,000 770,000 -283,000
2004 - 2005 Above Average 20,600 479,000 11,720 0 66,000 577,000 28,000
2005 - 2006 Above Average 21,600 490,000 150 0 64,000 576,000 54,000
2006 - 2007 Below Average 22,700 746,000 49,500 0 54,000 872,000 -396,000
2007 - 2008 Below Average 23,000 637,000 50,090 0 68,000 778,000 -276,000
2008 - 2009 Below Average 22,500 660,000 48,860 550 78,000 810,000 -253,000
2009 - 2010 Average 21,800 483,000 28,530 70 92,000 625,000 -33,000
2010 - 2011 Above Average 21,800 514,000 8,060 0 86,000 630,000 176,000
2011 - 2012 Below Average 22,500 730,000 43,570 3,860 76,000 876,000 -331,000
2012 - 2013 Below Average 22,700 790,000 63,640 5,990 68,000 950,000 -399,000
2013 - 2014 Below Average 21,900 900,000 58,030 5,590 69,000 1,055,000 -490,000
2014 - 2015 Below Average 19,700 890,000 53,270 1,150 64,000 1,028,000 -483,000
2015 - 2016 Below Average 19,700 614,000 50,000 70 70,000 754,000 -207,000
2016 - 2017 Below Average 20,100 429,000 11,330 0 90,000 550,000 305,000

19,400 664,000 28,200 600 65,000 777,000 -160,000

Cummulative Change in Storage  -4,948,000
Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Groundwater 
Banking 

Extraction

Groundwater Outflows (acre-ft)

Irrigated
Agriculture ExportsWater Year Type

Tule Subbasin Groundwater Budget

Change in 
Storage
(acre-ft)

Water Year
Sub-

surface 
Outflow

Total OutMunicipal

Groundwater Pumping
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-4

A B C D E F G H I J
K

Success to
Oettle Bridge

Oettle Bridge to 
Turnbull Weir

Before Trenton 
Weir Infiltration

Trenton Weir to 
Homeland Canal 

Infiltration

2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 51,000 32,000 90,000 127,700
2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700
2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700
2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700
2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 90,000 128,700
2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700
2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700
2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700
2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 89,000 130,700
2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 53,000 32,000 88,000 131,700

40/41-49/50 Avg 21,000 17,900 3,900 11,600 600 6,200 64,100 9,400 52,000 32,000 89,000 129,700

Projected Future Tule Subbasin Sustainable Yield
Groundwater Outflow

(acre-ft)

Sub-surface OutflowIrrigated
Agriculture Municipal

Sustainable Yield

Groundwater Inflows (acre-ft)

Areal
Recharge

from
Precipitation

White
River

Sub-
surface
Inflow

Mountain-
Block 

Recharge

Tule River
Streambed Infiltration

Water Year
Deer Creek

Return Flow
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Tule Subbasin

Chaper 2 - Basin Setting
Table 2-5

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

2007 - 2008 Below Average 57,100 41,974 74% 54,300 24,083 44% 29,000 18,192 63% 5,000 17,689 354%
2008 - 2009 Below Average 57,100 32,290 57% 54,300 31,282 58% 29,000 19,701 68% 5,000 15,524 310%
2009 - 2010 Average 57,100 60,570 106% 54,300 42,855 79% 29,000 17,574 61% 5,000 14,027 281%
2010 - 2011 Above Average 57,100 106,619 187% 54,300 46,733 86% 29,000 16,381 56% 5,000 13,405 268%
2011 - 2012 Below Average 57,100 66,992 117% 54,300 19,189 35% 29,000 19,757 68% 5,000 14,309 286%
2012 - 2013 Below Average 57,100 23,406 41% 54,300 14,102 26% 29,000 20,628 71% 5,000 14,955 299%
2013 - 2014 Below Average 57,100 9,747 17% 54,300 5,724 11% 29,000 12,390 43% 5,000 9,986 200%
2014 - 2015 Below Average 57,100 6,417 11% 54,300 1,503 3% 29,000 12,012 41% 5,000 5,438 109%
2015 - 2016 Below Average 57,100 36,752 64% 54,300 20,049 37% 29,000 14,357 50% 5,000 11,805 236%
2016 - 2017 Below Average 57,100 128,361 225% 54,300 51,137 94% 29,000 16,089 55% 5,000 14,203 284%

Total: 571,000 513,128 90% 543,000 256,657 47% 290,000 167,081 58% 50,000 131,341 263%

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

Contract 
Amount1

Total 
Delivered2

Percent of 
Contract 

(%)

2007 - 2008 Below Average 299,200 71,872 24% 183,300 106,470 58% 45,000 12,988 29% 7,200 6,894 96%
2008 - 2009 Below Average 299,200 113,189 38% 183,300 111,556 61% 45,000 18,000 40% 7,200 6,165 86%
2009 - 2010 Average 299,200 200,064 67% 183,300 118,671 65% 45,000 14,335 32% 7,200 5,845 81%
2010 - 2011 Above Average 299,200 229,763 77% 183,300 127,447 70% 45,000 9,387 21% 7,200 6,105 85%
2011 - 2012 Below Average 299,200 67,684 23% 183,300 114,108 62% 45,000 9,318 21% 7,200 4,680 65%
2012 - 2013 Below Average 299,200 37,073 12% 183,300 87,302 48% 45,000 10,298 23% 7,200 4,354 60%
2013 - 2014 Below Average 299,200 0 0% 183,300 38,106 21% 45,000 178 0% 7,200 1,030 14%
2014 - 2015 Below Average 299,200 0 0% 183,300 18,591 10% 45,000 114 0% 7,200 260 4%
2015 - 2016 Below Average 299,200 73,382 25% 183,300 93,806 51% 45,000 13,271 29% 7,200 4,627 64%
2016 - 2017 Below Average 299,200 273,151 91% 183,300 137,773 75% 45,000 21,651 48% 7,200 6,694 93%

Total: 2,992,000 1,066,178 36% 1,833,000 953,830 52% 450,000 109,540 24% 72,000 46,654 65%

Notes:
1Sum of Class 1 and Class 2 Fraint-Kern Canal Contract Amount 
2Total delivered water may include 16B water and water purchased from other Friant-Kern Canal contractors.
  Likewise, delivered water may not reflect available supplies as contractors periodically sell water under their contract.

Historical Planned versus Actual Water Deliveries

Water 
Year

Water Year 
Type 

Friant-Kern Canal

Terra Bella  ID Kern-Tulare WD

Tule River

Saucelito  IDWater 
Year

Water Year 
Type Total 

Diversion 
Right

Tea Pot Dome WDPorterville ID

2007/08 - 2016/17

Total 
Delivered

LTRID Delano- Earlimart ID

Percent of 
Diversion 
Right (%)

Friant-Kern Canal

January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-6

No. Lead Entity Project Name Description Timeframe Annual Volume Water Source Confidence
1 City of Porterville Population Increase Increase GW Production 2.5%/yr 2020-2040 9,500 af/yr by 2040 N/A High
2 City of Porterville Recycling Increase Increase RW Applied to Ag 2.5%/yr 2020-2040 1,900 af/yr by 2040 Recycled Water High
3 City of Porterville Recycling Increase Increase RW Recharge 2.5%/yr 2020-2040 1,600 af/yr by 2040 Recycled Water High
4 City of Porterville Tule River Recharge Recharge Project Starting 2019/20 900 af/yr Tule River High
5 City of Porterville FKC Recharge Recharge Project Starting 2020/21 1,100 af/yr FKC via Porterville ID High
6 Porterville ID SA 1 & 2 Expand distribution system Starting 2018/19 3,200 af/yr Tule River and FKC High
7 Porterville ID Falconer Bank Develop water bank Starting 2020/21 3,300 af/yr of leave-behind FKC and others High
8 Porterville ID Recharge Policy On-Farm recharge Starting 2019/20 3,000 af/yr Tule River and FKC High
9 Saucelito ID Conway Bank Develop water bank Starting 2020/21 1,100 af/yr of leave-behind FKC and others High
10 Saucelito ID Recharge Policy On-Farm recharge Starting 2019/20 2,000 af/yr FKC High
11 Kern-Tulare WD In-District Pricing Pricing change Starting 2020/21 2,600 af/yr N/A High
12 Kern-Tulare WD Reservoir Storage Surface water storage Starting 2029/30 500 af/yr FKC and others Medium
13 Kern-Tulare WD CRC Pipeline Deliver produced water Starting 2024/25 680 af/yr CRC Produced water High
14 Terra Bella ID Deer Creek Recharge Divert and recharge DC Starting 2017/18 800 af/yr Deer Creek High
15 PWC, VWD, & CMDC SREP Success Dam Enlargement Starting 2024/25 400 af/yr Tule River High
16 Hope WD In-District Recharge Recharge Project Starting 2022/23 5,000 af/yr every 3 years FKC and others / unknown Medium
17 Ducor ID In-District Recharge Pipeline and Recharge Project Starting 2023/24 4,000 af/yr FKC and others / unknown High

No. Project Name Timeframe Annual Volume Water Source Confidence
1 Creighton Ranch Unknown Unknown Not applicable N/A
2 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A
3 SREP Starting 2024/25 2,600 af/yr Tule River N/A

No. Project Name Timeframe Annual Volume Water Source Confidence
1 LTRID - Pixley ID FKC Ongoing 13,670 af/yr FKC N/A

No. Project Name Timeframe Annual Volume Water Source Confidence
N/A No planned projects N/A N/A N/A N/A

No. Project Name Timeframe Annual Volume Water Source Confidence
1 Deep Pumping Reduction Start in 2019/20, completed in 2023/24 24,000 af/yr Not applicable High
2 Duck Club Project 2019/20 5,400 af every 7 years Unknown High
3 Liberty Project Start in 2019/20, completed in 2022/23 5,000 af/yr FID, FKC, KR, TR, KW, SWP High
4 Recharge Scenario Unknown 1,200 to 1,800 af/yr Unknown N/A

No. Project Name Timeframe Annual Volume Water Source Confidence
1 Water Capture Starting in 2022/23 1,100 af 2.5x per yr every 2 yrs Deer Creek N/A
2 Cropping Changes Starting 2019/20 Not applicable Not applicable N/A

Description
Deer Creek flood capture
Install drip irrigation on 1,900 acres

Description
Replace deep pumping with 24 new shallow wells
Duck Club water transferred to farms
Participation in the Liberty Project surface water storage
Confidential. Capture and recharge flood water

Alpaugh GSA

Summary of Projects Exclusive of Transitional Pumping

LTRID GSA

Pixley GSA

DEID GSA
Description

Tri-County GSA

Eastern Tule GSA

N/A

Description

Continue FKC transfers to Pixley ID
Groundwater exports

Description
Continue FKC transfers from LTRID

Success Dam Enlargement

January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-6

Summary of Projects Exclusive of Transitional Pumping
Notes:

N/A= Not Available VMD = Vandalia Water District
af/yr =  acre-foot per year CMDC = Campbell Moreland Ditch Company
ID = Irrigation District SREP = Success Reservoir Enlargement Project
GW = Groundwater WD = Water District
RW = Recycled water MA = Management Area
Ag = Agricultural FID = Fresno Irrigation District (Fresno Slough)
DC = Deer Creek KR = Kaweah River
FKC = Friant-Kern Canal TR = Tule River
SA = Service Area KW = Kaweah River
CRC = California Resources Corporation SWP = State Water Project
PWC = Pioneer Water Company

January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-7 

Eastern Tule GSA LTRID GSA Pixley ID GSA DEID-District 
Area

DEID White 
Lands Area Tri-Co GSA Alpaugh GSA

2020-2025 90% of over-pumping1 2.0 af/ac Over
Cons. Use Target

Fallow 5,000 acres;
Remaining no change

100% of over-
pumping

100% of over-
pumping

2025-2030 80% of over-pumping 1.5 af/ac Over
Cons. Use Target

Fallow 5,000 acres; 
Remaining 1.5 af/ac Over

Cons. Use Target2

2030-2035 30% of over-pumping 1.0 af/ac Over
Cons. Use Target

Fallow 5,000 acres; 
Remaining 1.0 af/ac Over

Cons. Use Target
50% of overpumping

2035-2040 0.5 af/ac Over
Cons. Use Target

Fallow 5,000 acres; 
Remaining 0.5 af/ac Over

Cons. Use Target
20% of overpumping

2040+ Sustainable Sustainable Sustainable

Notes:
1Over-pumping means pumping in excess of the consumptive use target
2Over consumptive use target means over pumping 

Reduce cropped area by 880 
acres; 80% of overpumping

Reduce pumping
10,000 af/yr

Sustainable

Planned Transitional Pumping by GSA

Sustainable Sustainable

Linear Transitional 
Pumping No Change/

Sustainable

January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-8a

A B C D E F G H I J K L M N O P Q R S T U

Tule River Deer Creek White
River

Saucelito
ID

Terra Bella
ID

Kern-Tulare 
WD

Porterville 
ID

Tea Pot 
Dome WD

City of 
Porterville Hope WD Ducor ID LTRID Pixley ID Delano-

Earlimart ID
Angiola

WD
Alpaugh

ID
Atwell Island

WD Private Agriculture
Pumping

Municipal
Pumping

2017 - 2018 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 549,000 21,700 1,430,000
2018 - 2019 306,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 143,186 31,763 116,902 5,911 3,680 0 0 548,000 23,400 1,431,000
2019 - 2020 306,000 131,258 19,410 6,347 34,567 18,786 15,335 23,103 6,528 0 0 0 143,186 31,763 116,902 7,961 3,680 0 0 529,000 25,000 1,419,000
2020 - 2021 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 9,211 3,680 0 0 526,000 25,400 1,422,000
2021 - 2022 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 143,186 31,763 116,902 10,461 3,680 0 0 524,000 25,700 1,422,000
2022 - 2023 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 0 143,186 31,763 116,902 13,590 3,680 0 0 523,000 26,100 1,426,000
2023 - 2024 306,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 4,000 143,186 31,763 116,902 18,926 3,680 0 0 522,000 26,500 1,435,000
2024 - 2025 306,000 134,258 19,410 6,347 34,893 20,304 18,229 24,339 6,594 1,100 1,667 4,000 135,513 31,763 117,661 24,261 3,680 0 1,500 494,000 26,900 1,412,000
2025 - 2026 306,000 134,258 19,410 6,347 34,118 21,823 17,843 25,575 6,661 1,100 1,667 4,000 127,841 31,763 118,420 29,597 4,813 0 1,500 487,000 27,400 1,407,000
2026 - 2027 306,000 134,258 19,410 6,347 33,343 23,341 17,458 26,812 6,727 1,100 1,667 4,000 120,168 31,763 119,180 34,933 4,751 0 1,500 481,000 27,800 1,402,000
2027 - 2028 306,000 134,258 19,410 6,347 32,568 24,860 17,072 28,048 6,793 1,100 1,667 4,000 112,496 31,763 119,939 40,268 4,689 0 1,500 474,000 28,200 1,395,000
2028 - 2029 306,000 134,258 19,410 6,347 31,794 26,378 16,687 29,285 6,860 1,100 1,667 4,000 104,823 31,763 120,698 43,725 4,627 0 1,500 468,000 28,700 1,388,000
2029 - 2030 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 4,565 0 1,500 412,000 29,200 1,328,000
2030 - 2031 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 413,000 29,600 1,331,000
2031 - 2032 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 410,000 30,100 1,328,000
2032 - 2033 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 407,000 30,600 1,326,000
2033 - 2034 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 405,000 31,100 1,324,000
2034 - 2035 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 5,737 0 1,500 345,000 31,700 1,265,000
2035 - 2036 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,200 1,266,000
2036 - 2037 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 32,800 1,266,000
2037 - 2038 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,300 1,267,000
2038 - 2039 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 344,000 33,900 1,267,000
2039 - 2040 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 6,970 0 1,500 303,000 34,500 1,227,000
2040 - 2041 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2041 - 2042 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2042 - 2043 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2043 - 2044 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2044 - 2045 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2045 - 2046 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2046 - 2047 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2047 - 2048 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2048 - 2049 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2049 - 2050 306,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,151 31,763 121,457 43,430 7,793 0 1,500 302,000 34,500 1,227,000
2050 - 2051 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2051 - 2052 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2052 - 2053 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2053 - 2054 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2054 - 2055 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2055 - 2056 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2056 - 2057 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2057 - 2058 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2058 - 2059 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2059 - 2060 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2060 - 2061 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2061 - 2062 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2062 - 2063 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2063 - 2064 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2064 - 2065 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2065 - 2066 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2066 - 2067 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2067 - 2068 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 43,209 7,793 0 1,500 297,000 34,500 1,189,000
2068 - 2069 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 45,214 7,793 0 1,500 297,000 34,500 1,191,000
2069 - 2070 306,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 84,084 31,763 112,046 24,476 7,793 0 1,500 297,000 34,500 1,170,000

17/18-69/70 Avg 306,000 132,500 19,200 6,300 31,200 25,700 17,800 28,300 6,700 1,000 1,500 3,500 100,500 31,800 117,100 37,800 6,600 0 1,300 361,000 32,000 1,268,000

Projected Future Tule Subbasin Surface Water Budget
Surface Water Inflow (acre-ft)

Water Year Precipitation
Stream Inflow Discharge from WellsImported Water

Total In

1 of 1 January 2020



Tule Subbasin

Chapter 2 - Basin Setting
Table 2-8b

A B C D E F G H I J K L M N O P Q R S

Success to 
Oettle Bridge

Oettle Bridge to 
Turnbull Weir

Before Trenton 
Weir

Trenton Weir to 
Homeland Canal

2017 - 2018 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 600 110,400 7,900
2018 - 2019 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 12,200 1,300 15,900 2,000 15,500 800 66,900 700 110,300 8,100
2019 - 2020 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 19,200 2,500 15,500 800 68,100 400 106,600 8,300
2020 - 2021 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,700 400 106,000 8,300
2021 - 2022 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 21,400 2,600 15,500 800 68,900 400 105,700 8,400
2022 - 2023 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 23,000 2,700 15,500 800 69,100 500 105,400 8,400
2023 - 2024 21,000 17,900 3,900 11,600 600 6,200 17,000 2,100 65,200 13,100 1,300 27,000 2,800 15,500 800 69,100 500 105,300 8,500
2024 - 2025 21,000 17,900 3,900 11,600 600 6,200 18,200 2,100 62,400 13,700 1,300 27,900 2,800 15,800 800 69,600 500 100,200 8,500
2025 - 2026 21,000 17,900 3,900 11,600 600 6,200 18,400 2,100 59,600 13,700 1,300 27,300 2,900 15,800 1,100 70,200 500 98,900 8,600
2026 - 2027 21,000 17,900 3,900 11,600 600 6,200 18,700 2,100 56,800 13,700 1,300 26,700 3,000 15,800 1,100 70,500 500 98,000 8,600
2027 - 2028 21,000 17,900 3,900 11,600 600 6,200 19,000 2,100 53,900 13,700 1,300 26,100 3,100 15,800 1,100 70,900 500 97,000 8,700
2028 - 2029 21,000 17,900 3,900 11,600 600 6,200 19,300 2,100 51,100 13,700 1,300 25,500 3,100 15,800 1,100 71,300 500 96,000 8,700
2029 - 2030 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,200 15,500 1,100 71,800 500 86,900 8,800
2030 - 2031 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,300 15,500 1,100 72,100 600 86,900 8,800
2031 - 2032 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,400 15,500 1,100 72,100 600 86,400 8,900
2032 - 2033 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,900 8,900
2033 - 2034 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,500 15,500 1,100 72,100 600 85,400 9,000
2034 - 2035 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,600 15,500 1,100 72,100 600 74,000 9,100
2035 - 2036 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,700 15,500 1,100 72,400 600 73,700 9,100
2036 - 2037 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,800 15,500 1,100 72,400 700 73,700 9,200
2037 - 2038 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 3,900 15,500 1,100 72,400 700 73,700 9,300
2038 - 2039 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,000 15,500 1,100 72,400 700 73,700 9,300
2039 - 2040 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,400 700 64,300 9,400
2040 - 2041 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2041 - 2042 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2042 - 2043 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2043 - 2044 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2044 - 2045 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2045 - 2046 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2046 - 2047 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2047 - 2048 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2048 - 2049 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2049 - 2050 21,000 17,900 3,900 11,600 600 6,200 19,400 2,100 48,300 13,600 1,300 24,900 4,100 15,500 1,100 72,600 700 64,100 9,400
2050 - 2051 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2051 - 2052 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2052 - 2053 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2053 - 2054 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2054 - 2055 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2055 - 2056 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2056 - 2057 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2057 - 2058 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2058 - 2059 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2059 - 2060 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2060 - 2061 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2061 - 2062 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2062 - 2063 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2063 - 2064 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2064 - 2065 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2065 - 2066 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2066 - 2067 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2067 - 2068 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2068 - 2069 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400
2069 - 2070 21,000 17,400 3,800 11,300 500 6,000 19,300 2,100 43,500 12,900 1,300 23,800 4,100 15,400 1,100 68,400 700 62,400 9,400

17/18-69/70 Avg 21,000 17,700 3,900 11,500 600 6,100 19,000 2,100 49,500 13,200 1,300 24,100 3,700 15,500 1,100 70,200 600 75,300 9,100
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-8b

T U V W X Y Z AA AB AC AD AE AF

White River Imported Water

Agricultural 
Cons. Use

Stream 
Channel

Agricultural 
Cons. Use

Stream 
Channel

Stream 
Channel

Agricultural 
Cons. Use

Recharge
in Basins

Agricultural 
Cons. Use

2017 - 2018 285,000 47,400 700 2,900 300 100 250,700 438,600 50 3,500 7,700 15,000 0 1,431,000
2018 - 2019 285,000 47,400 700 2,900 300 100 250,700 437,800 50 4,300 8,200 8,000 0 1,425,000
2019 - 2020 285,000 47,400 700 2,900 300 100 254,400 420,400 50 2,600 11,200 8,000 0 1,414,000
2020 - 2021 285,000 47,400 700 2,900 300 100 257,400 417,300 50 2,600 11,400 8,000 0 1,417,000
2021 - 2022 285,000 47,400 700 2,900 300 100 258,200 416,100 50 2,700 11,600 8,000 0 1,417,000
2022 - 2023 285,000 47,400 700 2,900 300 100 259,000 414,900 50 2,800 11,800 8,000 0 1,418,000
2023 - 2024 285,000 47,400 700 2,900 300 100 259,000 414,500 50 2,800 12,000 8,000 0 1,422,000
2024 - 2025 285,000 48,500 700 2,900 300 100 262,700 392,000 50 2,900 12,200 8,000 0 1,400,000
2025 - 2026 285,000 48,500 700 3,800 300 100 266,800 385,800 50 3,000 12,400 8,000 0 1,396,000
2026 - 2027 285,000 48,500 700 3,800 300 100 269,800 380,300 50 3,000 12,600 8,000 0 1,390,000
2027 - 2028 285,000 48,500 700 3,800 300 100 272,900 374,800 50 3,100 12,800 7,000 0 1,383,000
2028 - 2029 285,000 48,600 700 3,800 300 100 276,000 369,300 50 3,200 13,100 7,000 0 1,378,000
2029 - 2030 285,000 47,400 700 3,800 300 100 280,300 322,400 50 3,300 13,300 7,000 0 1,322,000
2030 - 2031 285,000 47,400 700 3,800 300 100 281,200 323,200 50 3,400 13,600 7,000 0 1,325,000
2031 - 2032 285,000 47,400 700 3,800 300 100 281,200 321,100 50 3,400 13,800 7,000 0 1,323,000
2032 - 2033 285,000 47,400 700 3,800 300 100 281,200 319,000 50 3,500 14,100 7,000 0 1,321,000
2033 - 2034 285,000 47,400 700 3,800 300 100 281,200 316,900 50 3,600 14,300 7,000 0 1,318,000
2034 - 2035 285,000 47,400 700 3,800 300 100 281,200 268,900 50 3,700 14,600 7,000 0 1,260,000
2035 - 2036 285,000 47,400 700 3,800 300 100 282,200 267,800 50 3,800 14,900 7,000 0 1,260,000
2036 - 2037 285,000 47,400 700 3,800 300 100 282,200 267,700 50 3,900 15,200 7,000 0 1,261,000
2037 - 2038 285,000 47,400 700 3,800 300 100 282,200 267,600 50 4,000 15,500 7,000 0 1,261,000
2038 - 2039 285,000 47,400 700 3,800 300 100 282,200 267,500 50 4,100 15,800 7,000 0 1,261,000
2039 - 2040 285,000 47,400 700 3,800 300 100 282,200 236,000 50 4,200 16,100 7,000 0 1,221,000
2040 - 2041 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2041 - 2042 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2042 - 2043 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2043 - 2044 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2044 - 2045 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2045 - 2046 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2046 - 2047 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2047 - 2048 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2048 - 2049 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2049 - 2050 285,000 47,400 700 3,800 300 100 282,800 235,400 50 4,200 16,100 7,000 0 1,221,000
2050 - 2051 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2051 - 2052 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2052 - 2053 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2053 - 2054 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2054 - 2055 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2055 - 2056 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2056 - 2057 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2057 - 2058 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2058 - 2059 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2059 - 2060 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2060 - 2061 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2061 - 2062 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2062 - 2063 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2063 - 2064 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2064 - 2065 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2065 - 2066 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2066 - 2067 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2067 - 2068 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2068 - 2069 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000
2069 - 2070 285,000 45,800 700 3,700 300 100 264,400 232,300 50 4,200 16,100 6,000 0 1,183,000

86/87-16/17 Avg 285,000 46,900 700 3,600 300 100 270,800 283,800 50 3,800 14,700 7,000 0 1,262,000
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-9

A B C D E F G H I J K L M N O P Q R S T U V

Agricultural
Return Flow

Artificial
Recharge

2017 - 2018 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,400 7,900 600 2,000 52,000 73,000 33,000 537,000
2018 - 2019 21,000 17,900 3,900 17,000 12,200 15,500 11,600 600 2,100 1,300 800 6,200 65,200 15,900 66,900 110,300 8,100 700 2,000 56,000 71,000 33,000 539,000
2019 - 2020 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 19,200 68,100 106,600 8,300 400 2,500 58,000 68,000 33,000 540,000
2020 - 2021 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,700 106,000 8,300 400 2,600 60,000 64,000 33,000 541,000
2021 - 2022 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 21,400 68,900 105,700 8,400 400 2,600 62,000 60,000 33,000 539,000
2022 - 2023 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 23,000 69,100 105,400 8,400 500 2,700 64,000 57,000 33,000 539,000
2023 - 2024 21,000 17,900 3,900 17,000 13,100 15,500 11,600 600 2,100 1,300 800 6,200 65,200 27,000 69,100 105,300 8,500 500 2,800 66,000 55,000 33,000 543,000
2024 - 2025 21,000 17,900 3,900 18,200 13,700 15,800 11,600 600 2,100 1,300 800 6,200 62,400 27,900 69,600 100,200 8,500 500 2,800 61,000 51,000 33,000 530,000
2025 - 2026 21,000 17,900 3,900 18,400 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 59,600 27,300 70,200 98,900 8,600 500 2,900 59,000 50,000 33,000 524,000
2026 - 2027 21,000 17,900 3,900 18,700 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 56,800 26,700 70,500 98,000 8,600 500 3,000 59,000 50,000 33,000 520,000
2027 - 2028 21,000 17,900 3,900 19,000 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 53,900 26,100 70,900 97,000 8,700 500 3,100 59,000 50,000 33,000 516,000
2028 - 2029 21,000 17,900 3,900 19,300 13,700 15,800 11,600 600 2,100 1,300 1,100 6,200 51,100 25,500 71,300 96,000 8,700 500 3,100 59,000 51,000 33,000 514,000
2029 - 2030 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 71,800 86,900 8,800 500 3,200 52,000 51,000 33,000 495,000
2030 - 2031 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,900 8,800 600 3,300 50,000 50,000 33,000 492,000
2031 - 2032 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 86,400 8,900 600 3,400 49,000 51,000 33,000 492,000
2032 - 2033 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,900 8,900 600 3,500 48,000 51,000 33,000 490,000
2033 - 2034 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 85,400 9,000 600 3,500 47,000 51,000 33,000 489,000
2034 - 2035 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,100 74,000 9,100 600 3,600 38,000 50,000 33,000 468,000
2035 - 2036 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,100 600 3,700 35,000 50,000 33,000 465,000
2036 - 2037 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,200 700 3,800 34,000 50,000 32,000 463,000
2037 - 2038 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 3,900 33,000 51,000 32,000 463,000
2038 - 2039 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 73,700 9,300 700 4,000 32,000 53,000 32,000 465,000
2039 - 2040 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,400 64,300 9,400 700 4,100 23,000 51,000 32,000 444,000
2040 - 2041 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 21,000 51,000 32,000 442,000
2041 - 2042 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 20,000 52,000 32,000 442,000
2042 - 2043 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000
2043 - 2044 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 19,000 52,000 32,000 441,000
2044 - 2045 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 18,000 52,000 32,000 440,000
2045 - 2046 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000
2046 - 2047 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 17,000 53,000 32,000 440,000
2047 - 2048 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000
2048 - 2049 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000
2049 - 2050 21,000 17,900 3,900 19,400 13,600 15,500 11,600 600 2,100 1,300 1,100 6,200 48,300 24,900 72,600 64,100 9,400 700 4,100 16,000 53,000 32,000 439,000
2050 - 2051 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 31,000 423,000
2051 - 2052 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 52,000 32,000 424,000
2052 - 2053 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 16,000 53,000 31,000 424,000
2053 - 2054 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000
2054 - 2055 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 31,000 423,000
2055 - 2056 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 15,000 53,000 32,000 424,000
2056 - 2057 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000
2057 - 2058 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000
2058 - 2059 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 53,000 31,000 422,000
2059 - 2060 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 14,000 54,000 31,000 423,000
2060 - 2061 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000
2061 - 2062 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000
2062 - 2063 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000
2063 - 2064 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 13,000 54,000 31,000 422,000
2064 - 2065 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000
2065 - 2066 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000
2066 - 2067 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 54,000 31,000 421,000
2067 - 2068 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 12,000 55,000 31,000 422,000
2068 - 2069 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000
2069 - 2070 21,000 17,400 3,800 19,300 12,900 15,400 11,300 500 2,100 1,300 1,100 6,000 43,500 23,800 68,400 62,400 9,400 700 4,100 11,000 55,000 31,000 421,000

17/18-69/70 Avg 21,000 17,700 3,900 19,000 13,200 15,500 11,500 600 2,100 1,300 1,100 6,100 49,500 24,100 70,200 75,300 9,100 600 3,700 30,000 54,000 32,000 462,000
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Tule Subbasin

Chapter 2 - Basin Setting
Table 2-9

W X Y Z AA

2017 - 2018 21,700 549,000 22,920 2,200 83,000 679,000 -142,000
2018 - 2019 23,400 548,000 22,920 2,200 82,000 679,000 -140,000
2019 - 2020 25,000 529,000 22,920 2,200 83,000 662,000 -122,000
2020 - 2021 25,400 526,000 22,920 2,200 83,000 660,000 -119,000
2021 - 2022 25,700 524,000 22,920 2,200 84,000 659,000 -120,000
2022 - 2023 26,100 523,000 22,920 2,200 85,000 659,000 -120,000
2023 - 2024 26,500 522,000 22,920 2,200 85,000 659,000 -116,000
2024 - 2025 26,900 494,000 22,920 2,200 86,000 632,000 -102,000
2025 - 2026 27,400 487,000 20,010 2,200 90,000 627,000 -103,000
2026 - 2027 27,800 481,000 20,010 2,200 92,000 623,000 -103,000
2027 - 2028 28,200 474,000 20,010 2,200 94,000 618,000 -102,000
2028 - 2029 28,700 468,000 20,010 2,200 96,000 615,000 -101,000
2029 - 2030 29,200 412,000 20,010 2,200 94,000 557,000 -62,000
2030 - 2031 29,600 413,000 17,100 2,200 95,000 557,000 -65,000
2031 - 2032 30,100 410,000 17,100 2,200 94,000 553,000 -61,000
2032 - 2033 30,600 407,000 17,100 2,200 93,000 550,000 -60,000
2033 - 2034 31,100 405,000 17,100 2,200 92,000 547,000 -58,000
2034 - 2035 31,700 345,000 17,100 2,200 93,000 489,000 -21,000
2035 - 2036 32,200 344,000 14,190 2,200 93,000 486,000 -21,000
2036 - 2037 32,800 344,000 14,190 2,200 91,000 484,000 -21,000
2037 - 2038 33,300 344,000 14,190 2,200 89,000 483,000 -20,000
2038 - 2039 33,900 344,000 14,190 2,200 88,000 482,000 -17,000
2039 - 2040 34,500 303,000 11,280 2,200 90,000 441,000 3,000
2040 - 2041 34,500 302,000 11,280 2,200 90,000 440,000 2,000
2041 - 2042 34,500 302,000 11,280 2,200 90,000 440,000 2,000
2042 - 2043 34,500 302,000 11,280 2,200 90,000 440,000 1,000
2043 - 2044 34,500 302,000 11,280 2,200 90,000 440,000 1,000
2044 - 2045 34,500 302,000 11,280 2,200 90,000 440,000 0
2045 - 2046 34,500 302,000 11,280 2,200 89,000 439,000 1,000
2046 - 2047 34,500 302,000 11,280 2,200 89,000 439,000 1,000
2047 - 2048 34,500 302,000 11,280 2,200 89,000 439,000 0
2048 - 2049 34,500 302,000 11,280 2,200 89,000 439,000 0
2049 - 2050 34,500 302,000 11,280 2,200 88,000 438,000 1,000
2050 - 2051 34,500 297,000 11,280 2,200 88,000 433,000 -10,000
2051 - 2052 34,500 297,000 11,280 2,200 88,000 433,000 -9,000
2052 - 2053 34,500 297,000 11,280 2,200 87,000 432,000 -8,000
2053 - 2054 34,500 297,000 11,280 2,200 87,000 432,000 -9,000
2054 - 2055 34,500 297,000 11,280 2,200 87,000 432,000 -9,000
2055 - 2056 34,500 297,000 11,280 2,200 87,000 432,000 -8,000
2056 - 2057 34,500 297,000 11,280 2,200 86,000 431,000 -9,000
2057 - 2058 34,500 297,000 11,280 2,200 86,000 431,000 -9,000
2058 - 2059 34,500 297,000 11,280 2,200 86,000 431,000 -9,000
2059 - 2060 34,500 297,000 11,280 2,200 86,000 431,000 -8,000
2060 - 2061 34,500 297,000 11,280 2,200 85,000 430,000 -8,000
2061 - 2062 34,500 297,000 11,280 2,200 85,000 430,000 -8,000
2062 - 2063 34,500 297,000 11,280 2,200 85,000 430,000 -8,000
2063 - 2064 34,500 297,000 11,280 2,200 85,000 430,000 -8,000
2064 - 2065 34,500 297,000 11,280 2,200 85,000 430,000 -9,000
2065 - 2066 34,500 297,000 11,280 2,200 84,000 429,000 -8,000
2066 - 2067 34,500 297,000 11,280 2,200 84,000 429,000 -8,000
2067 - 2068 34,500 297,000 11,280 2,200 84,000 429,000 -7,000
2068 - 2069 34,500 297,000 11,280 2,200 84,000 429,000 -8,000
2069 - 2070 34,500 297,000 11,280 2,200 84,000 429,000 -8,000

17/18-69/70 Avg 32,000 361,000 14,600 2,200 88,000 498,000 -36,000

Projected Future Tule Subbasin Groundwater Budget

Change in 
Storage
(acre-ft)

Water Year
Sub-

surface 
Outflow

Total OutMunicipal

Groundwater Pumping

Groundwater 
Banking 

Extraction

Groundwater Outflows (acre-ft)

Irrigated
Agriculture Exports

2 of 2 January 2020



 

Tule Subbasin Setting                                                                                                              January 2020 

 

 
 

 

 

 

 

 

 

 

Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



!

!

!

!

Fresno

Visalia

Bakersfield

Porterville

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User CommunityÜ

NAD 83 State Plane Zone 4

0 10 205
Miles

Figure 2-1

Map Features

San Joaquin Groundwater Basin

! Major City

Freeway/State Highway

UV99

Regional Map

§̈¦5

Kettleman

Copyright:© 2014 Esri

Regional Location

Pacific Ocean

San Joaquin Valley

Groundwater Basin

Sacramento

Study Area

San Joaquin Valley

Sierra Nevada M
ountain s

Coast Ranges

January 2020

Hills

Kern County
Groundwater

Subbasin
(5-022.14)

Tule
Groundwater

Subbasin
(5-022.13)

Tulare
Lake

Groundwater
Subbasin
(5-022.12)

Kaweah
Groundwater Subbasin

(5-022.11)

Kings
Groundwater

Subbasin
(5-022.08)

Westside

Groundwater Subbasin

(5-022.09)

Delta-Mendota
Groundwater

Subbasin
(5-022.07)

Madera
Groundwater

Subbasin
(5-022.06)

Note: Groundwater basins from Bulletin 118,
California Department of Water Resources

Rev. 2016

Sierra Nevada Mountains

Bakersfield

Nevada
California

Tule Subbasin
Chapter 2

Basin Setting

White Wolf
Groundwater

Subbasin
(5-022.18)



!

!
!

!

!

!

!

!

!

!

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User CommunityÜ

NAD 83 State Plane Zone 4

0 10 205
Miles

Figure 2-2

Map Features

Tule Subbasin

Tule River Drainage Basin

California Hot Springs Drainage Basin

White River Drainage Basin

! City or Community

Major Hydrologic Feature

State Highway/Major Road

January 2020

Tule River

Deer Creek

White River

Tule Subbasin
Chapter 2

Basin Setting

Tule Subbasin Area

UV43 UV99
UV65

Notes: Drainage basins from California Interagency
Watershed Map of 1999, California Department

of Water Resources.

UV190

Allensworth EarlimartAlpaugh

Pixley

Tipton

Corcoran
Porterville

Terra Bella

Ducor

Richgrove

Lake
Success



!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Lower Tule River 
I.D. GSA

Pixley I.D. GSA

Tri-County Water
Authority GSA

Eastern Tule
GSA

Allensworth

Alpaugh

Strathmore

Lindsay

Woodville

Poplar-Cotton
Center

Alpaugh GSA

Tri-County Water
Authority GSA

Delano-Earlimart
I.D. GSA

Ducor

Delano

Pixley

Tipton

Tulare

Corcoran

Richgrove

Earlimart

Terra
Bella

Porterville

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User Community Ü

NAD 83 State Plane Zone 4

Tule Subbasin

0 6 123
Miles

Figure 2-3

Map Features
GSA Name

Alpaugh GSA

Delano-Earlimart I.D. GSA

Eastern Tule GSA

Lower Tule River I.D. GSA

Pixley I.D. GSA

Tri-County Water Authority GSA

Friant-Kern Canal

Basin Boundary

! City or Community

State Highway/Major Road

UV99

GSA Boundaries
§̈¦5

January 2020

Chapter 2
Basin Setting

UV65

UV43

UV190

Fr
ian

t-K
er

n 
Ca

na
l



UV99

Tule River

Deer Creek

White River

Fr
ian

t-K
er

n C
an

al

UV65

UV43

Garces Hwy

200
25
0

30
0

35
0

40
0

450
500

55
0

600
650

70
0

75
0

80
0

850

UV190

Lake
Success

Ü
NAD 83 State Plane Zone 4

Map Features
Land Surface Elevation Contour (ft amsl)

Cross Sections

County Boundary

Surficial Deposits

Tertiary Loosely Consolidated Deposits

Non-Marine Sedimentary Rocks

Marine Sedimentary Rocks

Crystalline Basement

Approximate Eastern Extent of the
Corcoran Clay

Tulare Lake Surface Deposits

Friant-Kern Canal

Basin Boundary

Major Hydrologic Feature

State Highway/Major Road

January 2020Tule Subbasin

0 6 123
Miles

Chapter 2
Basin Setting

Geology and
Cross Section Locations

Figure 2-4

T.20S.

T.21S.

T.22S.

T.23S.

T.24S.

T.25S.

R.22E. R.23E. R.24E. R.25E. R.26E. R.27E. R.28E. R.29E.

B′

B

D

D′

A A''

E′

E

C′C

Corcoran Clay from USGS Professional Paper 1766, 
http://water.usgs.gov/GIS/dsdl/pp1766_CorcoranClay.zip

Geologic units modified from USGS Open-File
Report 2005-1305

Lake Deposits from California Geological Survey
Geologic Atlas of California Map No. 002

1:250,000 scale, Compiled by A.R. Smith, 1964
and Geologic Atlas of California Map No. 005,

1:250,000 scale, Compiled by: R.A. Matthews and J.L. Burnett

§̈¦5

A'

Kern County
Tulare County

Tu
lar
e C
ou
nt
y

Ki
ng
s C
ou
nt
y



700

-1,500
-1,400
-1,300
-1,200
-1,100
-1,000
-900
-800
-700
-600
-500
-400
-300
-200
-100
0
100
200
300
400
500
600

-1,600
-1,700

-2,000
-1,900
-1,800

-2,100

700

-1,500
-1,400
-1,300
-1,200
-1,100
-1,000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300
400
500
600

-1,600
-1,700

-2,000
-1,900
-1,800

-2,100

Elevation (ft am
sl)

El
ev

at
io

n 
(ft

 a
m

sl
)

West East
A′′

Notes: Lithologic data from Department of Water Resources Well Compeletion Reports.
Wells within one half mile from cross section line unless otherwise noted by “ * ”.
Corcoran Clay from USGS Professional Paper 1766, 
           http://water.usgs.gov/GIS/dsdl/pp1766_CorcoranClay.zip

Brackish Water Interface based on Planert and Williams, 1995 and Page, 1973 USGS Atlas HA-489

     = Indicates well perforation interval

Ex
te

nt
 o

f T
ul

ar
e 

La
ke

B
ed

 S
ur

fa
ce

 D
ep

os
its

Upper Aquifer

Confining Layer

Lower Aquifer Santa 
Margarita 
Formation/

Olcese Sands/
Tertiary 

Sedimentary 
Deposits

Granitic Crystalline Basement

Pliocene Marine Deposits
Brackish Water

Interface

Hydrogeologic Cross Section A′-A′′
Tule Groundwater Subbasin

January 2020

0

100

200
0 1/2 1 2

Miles

Vertical Scale

Horizontal Scale

400
Feet

Figure 2-5

A′

(K
in

gs
 C

ou
nt

y)
Tu

la
re

 L
ak

e 
G

ro
un

dw
at

er
 S

ub
ba

si
n

Tu
le

 G
ro

un
dw

at
er

 S
ub

ba
si

n
(T

ul
ar

e 
C

ou
nt

y)

H
ig

hw
ay

 4
3

Fr
ia

nt
-K

er
n 

C
an

al

H
ig

hw
ay

 6
5

H
ig

hw
ay

 9
9

B
 - 

B
′

D
 - 

D
′

Chapter 2 Basin SettingTule Subbasin



700

-1,500
-1,400
-1,300
-1,200
-1,100
-1,000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300
400
500
600

-1,600
-1,700

-2,000
-1,900
-1,800

700

-1,500
-1,400
-1,300
-1,200
-1,100
-1,000
-900
-800
-700
-600
-500
-400
-300
-200
-100
0
100
200
300
400
500
600

-1,600
-1,700

-2,000
-1,900
-1,800

-2,100

Elevation (ft am
sl)

South
B′ B

Hydrogeologic Cross Section B-B′
Tule Groundwater Subbasin

January 2020

-2,200
-2,300

Notes: Lithologic data from Department of Water Resources Well Compeletion Reports.
Wells within one half mile from cross section line unless otherwise noted by “ * ”.
Corcoran Clay from USGS Professional Paper 1766, 
           http://water.usgs.gov/GIS/dsdl/pp1766_CorcoranClay.zip

Brackish Water Interface based on Planert and Williams, 1995 and Page, 1973 USGS Atlas HA-489

     = Indicates well perforation interval

(T
ul

ar
e C

ou
nt

y)

Tu
le 

Gr
ou

nd
wa

ter
 S

ub
ba

sin

Ke
rn

 G
ro

un
dw

ate
r S

ub
ba

sin

(K
er

n C
ou

nt
y)

Figure 2-6

-2,100

Tule Subbasin

North

El
ev

at
io

n 
(ft

 a
m

sl
)

-2,200
-2,300

0

100

200
0 1/2 1 2

Miles

Vertical Scale

Horizontal Scale

400
Feet

-2,100
-2,200
-2,300

A
ve

nu
e 

56

Fr
ia

nt
-K

er
n 

C
an

al

A
 - 

A
′′

H
ig

ht
w

ay
 1

90
(A

ve
nu

e 
14

4)

W
oo

d 
C

en
tra

l C
an

al

Po
rte

r S
lou

gh

Tu
le

 R
iv

er
 / 

O
et

tle
 B

rid
ge

K
aw

ea
h 

G
ro

un
dw

at
er

Su
bb

as
in

Tu
le

 G
ro

un
dw

at
er

Su
bb

as
in

A
ve

nu
e 

20
8

W
hi

te
 R

iv
er

D
ee

r C
re

ek
 / 

A
ve

nu
e 

96

C
 - 

C
′

Upper
Aquifer

Lower
Aquifer

Pliocene
Marine

Deposits

Santa Margarita Formation/ Olcese Sands/ Tertiary Sedimentary Deposits

Chapter 2 Basin Setting

Brackish WaterInterface



!

!
!

!

!

!

!

!

!

!

!(

#*

#* #*

#*

#*

!(

#*#*

#*
#*

#*

#*#*

!(

!(

#*

!(

#*

#*

#*

#*

!(

#*

#*

!(

UV99

Lake
Success

Friant-Kern Canal

Vandalia Ditch
Company

Rockford Station

Trenton Weir/
Road 176

McCarthy
Check

Richgrove

Ducor

Terra Bella

Porterville

Pixley

Tipton

Earlimart

Corcoran

Allensworth

Alpaugh

Road 208

Porter Slough
Headgate and 
Campbell and

Moreland Ditch
Company

Woods-Central
Porter Slough 192

Turnbull Weir
Friant-Kern Canal to

Tule River

Friant-Kern Canal to
Deer Creek

Road 248

Poplar

Deer Creek
(Fountain Springs)

White River
(Near Ducor)

Pioneer Water
Company/Tule River

Road 120

Road 144

Porter Slough
Ditch

Hubbs Minor
Ditch

Friant-Kern Canal to
White River

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User CommunityÜ

NAD 83 State Plane Zone 4

0 4 82
Miles

Figure 2-7

Map Features

Artificial Recharge Basin

!( Surface Water Quality Monitoring Location

#* Gaging Location/Surface Water Diversion

Major Hydrologic Feature

Friant-Kern Canal and
California Aqueduct

Canal

Pipe

Basin Boundary

! City or Community

Freeway/State Highway

Surface Water Features in the
Tule Subbasin and Vicinity

January 2020

Tule River

Deer Creek

White River

Porter Slough

Tule Subbasin

Homeland Canal

Chapter 2
Basin SettingLakeland Canal

UV43
UV65

UV190



Fr
ian

t-K
er

n C
an

al

C
entral Valley H

w
y

118
117

123

102

120

126

108

104

101

130

109
143

108

101

137

101

114

128

130 114

114

141

109

119 127

103
119

130

127103

119

108

103

114

106

106

114

114
114 106

106

147

147

153

130

117

126

128

114

113

127

137

166

119

128

137

116

108

108

135

139

117

105

130

118

104

118

106

145

140

129

153

105

135

113

143

106

147

109

138

143

157

106

140

114

117

114
150

114

132

130

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User CommunityÜ

NAD 83 State Plane Zone 4

Map Features
101 - Akers-Akers, saline-sodic, complex, 0 to 2 percent slopes 

102 - Armona sandy loam, partially drained, 0 to 1 percent slopes

103 - Atesh-Jerryslu association, 0 to 2 percent slopes 

104 - Biggriz-Biggriz, saline-sodic, complex, 0 to 2 percent slopes 

105 - Calgro-Calgro, saline-sodic, complex, 0 to 2 percent slopes

106 - Centerville clay, 0 to 30 percent slopes

108 - Colpien loam, 0 to 2 percent

109 - Crosscreek-Kai association, 0 to 2 percent slopes

113 - Cibo clay, 15 - 30 percent slopes

114 - Exeter loam, 0 to 5 percent slopes

116 - Flamen loam, 0 to 2 percent slopes

117 - Gambogy loam, drained, 0 to 1 percent slopes

118 - Gambogy-Biggriz, saline-sodic, association, drained, 0 to 2 percent slopes   

119 - Gareck-Garces association, 0 to 2 percent slopes

120 - Gepford silty clay, partially drained, 0 to 1 percent slopes

123 - Grangeville fine sandy and silty loam, saline-sodic, 0 to 1 percent slopes

126 - Houser silty clay, drained, 0 to 1 percent slopes

127 - Kimberlina fine sandy loam, 0 to 2 percent slopes 

128 - Lethent silt loam, 0 to 1 percent slopes 

129 - Nahrub silt loam, overwashed, 0 to 1 percent slopes 

130 - Nord fine sandy loam, 0 to 2 percent slopes

132 - Greenfield sandy loam, 0 to 5 percent slopes

134 - Riverwash/Havala loam, 0 to 2 percent slopes

135 - San Joaquin loam, 0 to 2 percent slopes

137 - Tagus loam, 0 to 2 percent slopes

138 - Tujunga loamy sand, 0 to 2 percent slopes

139 - Honcut sandy loam, 0 to 2 percent slopes

140 - Westcamp silt loam, partially drained, 0 to 2 percent slopes

141 - Posochanet silt loam, 0 to 2 percent slopes 

143 - Yettem sandy loam, 0 to 2 percent slopes

144 - Youd loam, 0 to 1 percent slopes

145 - Water, perennial

146 - Pits

147 - Porterville clay, 0 to 15 percent slopes

150 - Porterville cobbly clay, 2 to 15 percent slopes 

151 - Riverwash; 178; 179

152 - Rock outcrop

153 - San Emigdio loam

157 - Sesame sandy loam, 15 to 30 percent 

164 - Tujunga Sand 

166 - Vista coarse sandy loam, 15 to 30 percent slopes; 166ki

168 - Vista-Rock outcrop complex, 9 to 50 percent slopes

175 - Xerofluvents, flooded
Major Hydrologic Feature
Friant-Kern Canal and California Aqueduct
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The Soil Agricultural Groundwater Banking Index (SAGBI)
is a suitability index for groundwater recharge on

agricultural land.  It is based on five factors: deep percolation, 
root zone residence time, topography,

chemical limitations, and soil surface condition.

Source: SAGBI | Soil Agricultural Groundwater Banking Index 
interactive map. 

https://casoilresource.lawr.ucdavis.edu/sagbi/
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User CommunityÜ
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User CommunityÜ
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User CommunityÜ
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Source: Esri, DigitalGlobe, GeoEye, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User CommunityÜ
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Figure 2-13
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Groundwater Elevation Contour,
dashed where approximate (ft amsl)
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Figure 2-22

Note:

ft bgs = feet below ground surface.
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Figure 2-23

Note: Data in water years (October 1 to September 30).

Change in Groundwater Storage (acre-ft) from 1986/87 to 2016/17
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Figure 2-28

Notes:

Data in water years (October 1 to September 30).
Data from Western Regional Climate Center (1926-2001), California Irrigation Management Information System (2002-2016).
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Figure 2-29

Deer Creek versus White River Monthly Streamflow
1971 - 2005
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Figure 2-30

Applied Water to Irrigated Agriculture by Source

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

1,000,000

1,100,000

1
9

8
6

 - 1
9

8
7

1
9

8
7

 - 1
9

8
8

1
9

8
8

 - 1
9

8
9

1
9

8
9

 - 1
9

9
0

1
9

9
0

 - 1
9

9
1

1
9

9
1

 - 1
9

9
2

1
9

9
2

 - 1
9

9
3

1
9

9
3

 - 1
9

9
4

1
9

9
4

 - 1
9

9
5

1
9

9
5

 - 1
9

9
6

1
9

9
6

 - 1
9

9
7

1
9

9
7

 - 1
9

9
8

1
9

9
8

 - 1
9

9
9

1
9

9
9

 - 2
0

0
0

2
0

0
0

 - 2
0

0
1

2
0

0
1

 - 2
0

0
2

2
0

0
2

 - 2
0

0
3

2
0

0
3

 - 2
0

0
4

2
0

0
4

 - 2
0

0
5

2
0

0
5

 - 2
0

0
6

2
0

0
6

 - 2
0

0
7

2
0

0
7

 - 2
0

0
8

2
0

0
8

 - 2
0

0
9

2
0

0
9

 - 2
0

1
0

2
0

1
0

 - 2
0

1
1

2
0

1
1

 - 2
0

1
2

2
0

1
2

 - 2
0

1
3

2
0

1
3

 - 2
0

1
4

2
0

1
4

 - 2
0

1
5

2
0

1
5

 - 2
0

1
6

2
0

1
6

 - 2
0

1
7

A
p

p
lie

d
 W

at
e

r 
(a

cr
e

-f
t)

Deer Creek Diversions Tule River Diversions

Imported Deliveries Discharge to Crops from Wells

January 2020



Ü
NAD 83 State Plane Zone 4

0 6 123
Miles

January 2020

Map Features

Tule Groundwater Subbasin

Alfalfa, Pasture

Corn, Grain, Grain Hay,
and Misc. Field Crops

Cotton

Deciduous & Fruit Trees

Grapes

Nuts

Truck Crops

Major Road

Tule Groundwater Subbasin
Historical Crop Patterns

UV99

Notes: Data from California Department
of Water Resources and Kern County
Department of Agriculture and Measurement
Standards

Irrigated crops only.

1993 1999

2007

UV99

UV99

Figure 2-31

*Kern County from 1990

Tule Subbasin
UV65

UV190

UV65

UV190

UV65

UV190

UV43 UV43

UV43

UV99 UV65

UV43

2014

Chapter 2
Basin Setting

UV190



Tule Subbasin

Chapter 2

Basin Setting
Figure 2-32
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Table 1a

Stream Inflow
Tule River LTRID Agricultural Municipal

1986 - 1987 46,000 40,421 89,541 224,000 1,400 401,000
1987 - 1988 66,000 14,702 64,654 261,000 1,400 408,000
1988 - 1989 53,000 22,873 63,922 224,000 1,400 365,000
1989 - 1990 51,000 7,103 24,325 276,000 1,400 360,000
1990 - 1991 69,000 22,727 71,430 253,000 1,400 418,000
1991 - 1992 60,000 9,869 51,949 277,000 1,400 400,000
1992 - 1993 97,000 57,632 321,973 94,000 1,400 572,000
1993 - 1994 61,000 31,263 71,784 246,000 1,400 411,000
1994 - 1995 128,000 142,879 229,683 129,000 1,400 631,000
1995 - 1996 67,000 105,949 236,845 107,000 1,400 518,000
1996 - 1997 94,000 250,253 192,934 116,000 1,400 655,000
1997 - 1998 152,000 286,694 101,180 135,000 1,400 676,000
1998 - 1999 78,000 70,954 183,971 127,000 1,400 461,000
1999 - 2000 74,000 64,026 177,192 158,000 1,400 475,000
2000 - 2001 55,000 27,525 83,405 196,000 1,400 363,000
2001 - 2002 53,000 32,853 78,511 207,000 1,500 373,000
2002 - 2003 52,000 77,642 131,470 143,000 1,500 406,000
2003 - 2004 43,000 24,494 71,472 204,000 1,600 345,000
2004 - 2005 83,000 91,549 247,595 96,000 1,600 520,000
2005 - 2006 84,000 129,184 194,019 93,000 1,700 502,000
2006 - 2007 35,000 19,981 33,174 231,000 1,800 321,000
2007 - 2008 39,000 42,745 71,872 183,000 1,800 338,000
2008 - 2009 42,000 29,196 113,189 200,000 1,900 386,000
2009 - 2010 68,000 82,489 200,064 74,000 1,800 426,000
2010 - 2011 100,000 191,791 229,763 116,000 1,900 639,000
2011 - 2012 63,000 58,763 67,684 228,000 1,900 419,000
2012 - 2013 29,000 14,374 37,073 255,000 1,800 337,000
2013 - 2014 21,000 0 0 280,000 1,800 303,000
2014 - 2015 30,000 0 0 243,000 1,800 275,000
2015 - 2016 45,000 35,381 73,382 152,000 1,800 308,000
2016 - 2017 47,000 187,807 273,151 82,000 1,900 592,000

86/87-16/17 Avg 64,000 70,100 122,200 181,000 1,600 439,000

Total In

Lower Tule River Irrigation District GSA
Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Inflow (acre-ft)

Water Year Precipitation Imported Water Discharge from Wells
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Table 1b

Streambed Infiltration Surface Outflow
Tule River Imported Water

Oettle Bridge to 
Turnbull Weir 

Infiltration

Agricultural 
Cons. Use

Stream 
Channel

Agricultural 
Cons. Use

1986 - 1987 0 1,100 20,700 44,200 0 0 5,200 12,700 62,800 900 46,000 13,400 400 32,600 161,000 500 0 402,000
1987 - 1988 0 900 8,800 32,700 0 0 1,400 9,000 73,200 900 66,000 3,600 100 23,000 187,000 500 0 407,000
1988 - 1989 0 0 7,400 18,800 0 0 4,400 12,700 62,900 900 53,000 11,200 100 32,400 161,000 500 0 365,000
1989 - 1990 0 0 2,900 7,400 0 0 1,200 4,700 77,600 900 51,000 3,000 0 12,100 199,000 500 0 360,000
1990 - 1991 0 300 6,800 24,300 0 0 4,400 13,200 71,200 900 69,000 11,200 200 33,900 182,000 500 0 418,000
1991 - 1992 0 0 3,100 16,100 0 0 1,900 10,100 77,800 900 60,000 4,900 100 25,800 199,000 500 0 400,000
1992 - 1993 9,000 3,000 27,800 141,000 0 0 7,900 53,300 26,500 900 88,000 18,900 400 127,600 68,000 500 0 573,000
1993 - 1994 0 200 14,200 27,800 0 0 4,700 12,400 69,200 900 61,000 12,100 200 31,600 177,000 500 0 412,000
1994 - 1995 28,000 10,400 39,500 108,800 0 0 19,300 34,400 36,100 900 100,000 48,500 500 86,500 92,000 500 25,000 630,000
1995 - 1996 0 4,000 26,200 69,600 13,400 33,800 15,800 37,700 30,000 900 67,000 40,000 600 95,600 77,000 500 7,000 519,000
1996 - 1997 7,000 9,700 47,300 51,200 19,900 7,000 16,700 43,000 32,700 900 87,000 35,600 600 91,700 84,000 500 121,000 656,000
1997 - 1998 44,000 9,000 79,100 39,200 28,000 10,800 29,100 14,400 37,900 900 109,000 74,400 600 36,800 97,000 500 95,000 706,000
1998 - 1999 1,000 2,800 19,500 45,800 11,400 15,800 10,500 34,400 35,800 900 77,000 26,800 600 88,100 92,000 500 0 463,000
1999 - 2000 0 2,900 11,100 51,300 3,400 8,000 12,000 32,900 44,400 900 74,000 30,700 300 84,300 113,000 500 5,000 475,000
2000 - 2001 0 0 7,000 25,900 200 2,000 5,700 15,600 55,100 900 55,000 14,600 300 39,900 141,000 500 0 364,000
2001 - 2002 0 700 13,400 20,800 0 0 5,300 16,200 58,100 1,000 53,000 13,500 300 41,500 149,000 500 0 373,000
2002 - 2003 0 3,700 22,800 42,700 5,900 3,300 9,700 20,600 34,500 1,000 52,000 30,500 300 64,800 108,000 500 5,000 405,000
2003 - 2004 0 300 7,700 16,600 0 0 3,800 13,100 48,500 1,000 43,000 12,100 200 41,800 155,000 600 1,000 345,000
2004 - 2005 2,000 4,700 22,900 76,200 11,800 23,500 9,400 33,000 23,000 1,100 80,000 30,000 400 105,500 73,000 600 22,000 519,000
2005 - 2006 3,000 7,200 40,500 62,500 16,500 17,000 13,800 29,500 22,200 1,100 81,000 39,900 400 85,000 71,000 600 11,000 502,000
2006 - 2007 0 1,500 5,100 12,700 0 0 3,200 4,900 55,100 1,100 35,000 10,200 100 15,600 176,000 600 0 321,000
2007 - 2008 0 1,100 15,900 18,200 900 600 5,700 12,600 43,500 1,200 39,000 18,300 300 40,400 139,000 600 1,000 338,000
2008 - 2009 0 1,400 7,100 36,400 400 4,300 4,900 17,500 47,600 1,200 42,000 15,600 100 56,000 152,000 700 0 387,000
2009 - 2010 0 4,500 34,600 61,600 5,800 15,100 10,200 33,500 17,500 1,200 68,000 27,400 400 89,800 56,000 600 0 426,000
2010 - 2011 11,000 7,500 82,400 80,300 31,800 27,700 15,500 30,400 27,500 1,200 89,000 46,600 400 91,300 88,000 700 8,000 639,000
2011 - 2012 0 300 17,800 21,200 1,500 4,200 10,100 10,900 54,300 1,200 63,000 29,100 200 31,400 174,000 700 0 420,000
2012 - 2013 0 0 4,400 11,400 0 0 2,400 6,100 60,800 1,100 29,000 7,600 200 19,600 195,000 600 0 338,000
2013 - 2014 0 0 0 0 0 0 0 0 66,700 1,200 21,000 0 0 0 213,000 600 0 303,000
2014 - 2015 0 0 0 0 0 0 0 0 57,900 1,200 30,000 0 0 0 185,000 600 0 275,000
2015 - 2016 0 5,500 11,400 27,400 800 0 4,200 11,000 36,200 1,200 45,000 13,500 200 35,100 116,000 600 0 308,000
2016 - 2017 0 15,900 82,600 113,100 28,400 34,000 14,500 30,400 19,500 1,200 47,000 46,400 500 95,600 62,000 700 71,000 663,000

86/87-16/17 Avg 3,000 3,200 22,300 42,100 5,800 6,700 8,200 19,700 47,300 1,000 61,000 22,200 300 53,400 134,000 600 12,000 443,000

Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Deep Percolation of Applied Water Evapotranspiration

Tule
River

Tule
River

Ag. Cons. 
Use from 
Pumping

Tule RiverAreal
Recharge

of 
Precipitation

Canal Loss Recharge in Basins

Lower Tule River Irrigation District GSA
Historical Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Total OutPrecipitation
Crops/Native

Tule
River

Tule
River

Agricultural
Pumping

Municipal
Pumping

Imported
Water

Imported
Water

Imported
Water

Water Year Municipal
(Landscape 

ET)
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Table 2

Return
Flow

Return
Flow

From 
Outside 

Subbasin

From 
Other 
GSAs

To 
Outside 

Subbasin

To Other 
GSAs

1986 - 1987 0 1,100 20,700 0 5,200 44,200 0 12,700 62,800 900 27,000 76,000 39,000 290,000 1,400 224,000 0 16,000 115,000 356,000 -66,000
1987 - 1988 0 900 8,800 0 1,400 32,700 0 9,000 73,200 900 26,000 90,000 38,000 281,000 1,400 261,000 15,940 16,000 108,000 402,000 -121,000
1988 - 1989 0 0 7,400 0 4,400 18,800 0 12,700 62,900 900 13,000 90,000 37,000 247,000 1,400 224,000 26,160 16,000 107,000 375,000 -128,000
1989 - 1990 0 0 2,900 0 1,200 7,400 0 4,700 77,600 900 38,000 87,000 39,000 259,000 1,400 276,000 26,590 16,000 97,000 417,000 -158,000
1990 - 1991 0 300 6,800 0 4,400 24,300 0 13,200 71,200 900 42,000 95,000 38,000 296,000 1,400 253,000 28,190 17,000 104,000 404,000 -108,000
1991 - 1992 0 0 3,100 0 1,900 16,100 0 10,100 77,800 900 53,000 97,000 38,000 298,000 1,400 277,000 17,420 17,000 101,000 414,000 -116,000
1992 - 1993 9,000 3,000 27,800 0 7,900 141,000 0 53,300 26,500 900 15,000 62,000 30,000 376,000 1,400 94,000 7,940 28,000 127,000 258,000 118,000
1993 - 1994 0 200 14,200 0 4,700 27,800 0 12,400 69,200 900 24,000 79,000 33,000 265,000 1,400 246,000 0 24,000 107,000 378,000 -113,000
1994 - 1995 28,000 10,400 39,500 0 19,300 108,800 0 34,400 36,100 900 9,000 62,000 33,000 381,000 1,400 129,000 0 26,000 123,000 279,000 102,000
1995 - 1996 0 4,000 26,200 13,400 15,800 69,600 33,800 37,700 30,000 900 2,000 53,000 30,000 316,000 1,400 107,000 0 30,000 126,000 264,000 52,000
1996 - 1997 7,000 9,700 47,300 19,900 16,700 51,200 7,000 43,000 32,700 900 1,000 60,000 31,000 327,000 1,400 116,000 0 28,000 132,000 277,000 50,000
1997 - 1998 44,000 9,000 79,100 28,000 29,100 39,200 10,800 14,400 37,900 900 0 72,000 32,000 396,000 1,400 135,000 0 26,000 134,000 296,000 100,000
1998 - 1999 1,000 2,800 19,500 11,400 10,500 45,800 15,800 34,400 35,800 900 2,000 73,000 30,000 283,000 1,400 127,000 0 28,000 139,000 295,000 -12,000
1999 - 2000 0 2,900 11,100 3,400 12,000 51,300 8,000 32,900 44,400 900 2,000 80,000 30,000 279,000 1,400 158,000 2,820 26,000 129,000 317,000 -38,000
2000 - 2001 0 0 7,000 200 5,700 25,900 2,000 15,600 55,100 900 6,000 94,000 31,000 243,000 1,400 196,000 17,290 22,000 119,000 356,000 -113,000
2001 - 2002 0 700 13,400 0 5,300 20,800 0 16,200 58,100 1,000 15,000 89,000 32,000 252,000 1,500 207,000 25,590 20,000 110,000 364,000 -112,000
2002 - 2003 0 3,700 22,800 5,900 9,700 42,700 3,300 20,600 34,500 1,000 10,000 75,000 29,000 258,000 1,500 143,000 20,610 22,000 117,000 304,000 -46,000
2003 - 2004 0 300 7,700 0 3,800 16,600 0 13,100 48,500 1,000 27,000 78,000 31,000 227,000 1,600 204,000 17,440 20,000 95,000 338,000 -111,000
2004 - 2005 2,000 4,700 22,900 11,800 9,400 76,200 23,500 33,000 23,000 1,100 9,000 56,000 27,000 300,000 1,600 96,000 7,720 26,000 107,000 238,000 62,000
2005 - 2006 3,000 7,200 40,500 16,500 13,800 62,500 17,000 29,500 22,200 1,100 2,000 53,000 27,000 295,000 1,700 93,000 0 29,000 115,000 239,000 56,000
2006 - 2007 0 1,500 5,100 0 3,200 12,700 0 4,900 55,100 1,100 24,000 71,000 30,000 209,000 1,800 231,000 27,930 22,000 85,000 368,000 -159,000
2007 - 2008 0 1,100 15,900 900 5,700 18,200 600 12,600 43,500 1,200 36,000 74,000 29,000 239,000 1,800 183,000 26,140 23,000 93,000 327,000 -88,000
2008 - 2009 0 1,400 7,100 400 4,900 36,400 4,300 17,500 47,600 1,200 47,000 74,000 31,000 273,000 1,900 200,000 21,470 24,000 96,000 343,000 -70,000
2009 - 2010 0 4,500 34,600 5,800 10,200 61,600 15,100 33,500 17,500 1,200 18,000 48,000 27,000 277,000 1,800 74,000 10,770 30,000 122,000 239,000 38,000
2010 - 2011 11,000 7,500 82,400 31,800 15,500 80,300 27,700 30,400 27,500 1,200 6,000 55,000 28,000 404,000 1,900 116,000 3,880 31,000 125,000 278,000 126,000
2011 - 2012 0 300 17,800 1,500 10,100 21,200 4,200 10,900 54,300 1,200 22,000 79,000 31,000 254,000 1,900 228,000 21,600 24,000 109,000 385,000 -131,000
2012 - 2013 0 0 4,400 0 2,400 11,400 0 6,100 60,800 1,100 53,000 88,000 33,000 260,000 1,800 255,000 39,910 25,000 88,000 410,000 -150,000
2013 - 2014 0 0 0 0 0 0 0 0 66,700 1,200 71,000 91,000 32,000 262,000 1,800 280,000 37,120 25,000 81,000 425,000 -163,000
2014 - 2015 0 0 0 0 0 0 0 0 57,900 1,200 74,000 83,000 31,000 247,000 1,800 243,000 33,170 24,000 84,000 386,000 -139,000
2015 - 2016 0 5,500 11,400 800 4,200 27,400 0 11,000 36,200 1,200 53,000 70,000 27,000 248,000 1,800 152,000 28,300 27,000 90,000 299,000 -51,000
2016 - 2017 0 15,900 82,600 28,400 14,500 113,100 34,000 30,400 19,500 1,200 16,000 55,000 24,000 435,000 1,900 82,000 6,810 33,000 112,000 236,000 199,000

86/87-16/17 Avg 3,000 3,200 22,300 5,800 8,200 42,100 6,700 19,700 47,300 1,000 24,000 74,000 32,000 289,000 1,600 181,000 15,200 24,000 110,000 332,000 -43,000

Cumulative Change in Storage  -1,290,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Groundwater Outflows Not Included in Sustainable Yield Estimates

Total In

Groundwater PumpingSub-surface
Inflow

Sub-surface
Outflow

Lower Tule River Irrigation District GSA
Historical Groundwater Budget 1986/87 to 2016/17

Total OutMuni-
cipal

Agri-
cultural Exports

Groundwater Inflows (acre-ft) Groundwater Outflows (acre-ft)

Canal
Loss

Recharge
in Basins

Return
Flow

Change in 
Storage 
(acre-ft)

Oettle Bridge 
to Turnbull 

Weir
Infiltration

Canal
Loss

Recharge
in Basins

Imported Water Deliveries
Release of 
Water from 

Compression 
of Aquitards

Municipal
Pumping

Water Year

Areal
Recharge

from
Precipitation

Tule River

Return
Flow

Agricultural
Pumping
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Table 3a

Stream Inflow
Tule River LTRID Agricultural Municipal

2017 - 2018 65,000 79,995 143,186 149,000 1,900 439,000
2018 - 2019 65,000 79,995 143,186 149,000 1,900 439,000
2019 - 2020 65,000 79,995 143,186 149,000 1,900 439,000
2020 - 2021 65,000 79,995 143,186 149,000 1,900 439,000
2021 - 2022 65,000 79,995 143,186 149,000 1,900 439,000
2022 - 2023 65,000 79,995 143,186 149,000 1,900 439,000
2023 - 2024 65,000 79,995 143,186 149,000 1,900 439,000
2024 - 2025 65,000 82,595 135,513 151,000 1,900 436,000
2025 - 2026 65,000 82,595 127,841 155,000 1,900 432,000
2026 - 2027 65,000 82,595 120,168 159,000 1,900 429,000
2027 - 2028 65,000 82,595 112,496 164,000 1,900 426,000
2028 - 2029 65,000 82,595 104,823 168,000 1,900 422,000
2029 - 2030 65,000 81,976 97,151 172,000 1,900 418,000
2030 - 2031 65,000 81,976 97,151 172,000 1,900 418,000
2031 - 2032 65,000 81,976 97,151 172,000 1,900 418,000
2032 - 2033 65,000 81,976 97,151 172,000 1,900 418,000
2033 - 2034 65,000 81,976 97,151 172,000 1,900 418,000
2034 - 2035 65,000 81,976 97,151 171,000 1,900 417,000
2035 - 2036 65,000 81,976 97,151 171,000 1,900 417,000
2036 - 2037 65,000 81,976 97,151 171,000 1,900 417,000
2037 - 2038 65,000 81,976 97,151 171,000 1,900 417,000
2038 - 2039 65,000 81,976 97,151 171,000 1,900 417,000
2039 - 2040 65,000 81,976 97,151 152,000 1,900 398,000
2040 - 2041 65,000 81,976 97,151 152,000 1,900 398,000
2041 - 2042 65,000 81,976 97,151 152,000 1,900 398,000
2042 - 2043 65,000 81,976 97,151 152,000 1,900 398,000
2043 - 2044 65,000 81,976 97,151 152,000 1,900 398,000
2044 - 2045 65,000 81,976 97,151 152,000 1,900 398,000
2045 - 2046 65,000 81,976 97,151 152,000 1,900 398,000
2046 - 2047 65,000 81,976 97,151 152,000 1,900 398,000
2047 - 2048 65,000 81,976 97,151 152,000 1,900 398,000
2048 - 2049 65,000 81,976 97,151 152,000 1,900 398,000
2049 - 2050 65,000 81,976 97,151 152,000 1,900 398,000
2050 - 2051 65,000 79,772 84,084 141,000 1,900 372,000
2051 - 2052 65,000 79,772 84,084 141,000 1,900 372,000
2052 - 2053 65,000 79,772 84,084 141,000 1,900 372,000
2053 - 2054 65,000 79,772 84,084 141,000 1,900 372,000
2054 - 2055 65,000 79,772 84,084 141,000 1,900 372,000
2055 - 2056 65,000 79,772 84,084 141,000 1,900 372,000
2056 - 2057 65,000 79,772 84,084 141,000 1,900 372,000
2057 - 2058 65,000 79,772 84,084 141,000 1,900 372,000
2058 - 2059 65,000 79,772 84,084 141,000 1,900 372,000
2059 - 2060 65,000 79,772 84,084 141,000 1,900 372,000
2060 - 2061 65,000 79,772 84,084 141,000 1,900 372,000
2061 - 2062 65,000 79,772 84,084 141,000 1,900 372,000
2062 - 2063 65,000 79,772 84,084 141,000 1,900 372,000
2063 - 2064 65,000 79,772 84,084 141,000 1,900 372,000
2064 - 2065 65,000 79,772 84,084 141,000 1,900 372,000
2065 - 2066 65,000 79,772 84,084 141,000 1,900 372,000
2066 - 2067 65,000 79,772 84,084 141,000 1,900 372,000
2067 - 2068 65,000 79,772 84,084 141,000 1,900 372,000
2068 - 2069 65,000 79,772 84,084 141,000 1,900 372,000
2069 - 2070 65,000 79,772 84,084 141,000 1,900 372,000

17/18-69/70 Avg 65,000 80,900 100,500 152,000 1,900 400,000

Total In

Projected Future Lower Tule River Irrigation District GSA Surface Water Budget

Surface Water Inflow (acre-ft)

Water Year Precipitation Imported Water Discharge from Wells
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Table 3b

Streambed Infiltration Surface Outflow
Tule River Imported Water

Oettle Bridge to 
Turnbull Weir 

Infiltration

Agricultural 
Cons. Use

Stream 
Channel

Agricultural 
Cons. Use

2017 - 2018 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 15,000 444,000
2018 - 2019 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2019 - 2020 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2020 - 2021 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2021 - 2022 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2022 - 2023 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2023 - 2024 3,000 3,900 17,000 52,400 6,400 11,400 10,800 19,400 35,400 1,200 61,000 33,500 300 59,900 113,000 700 8,000 437,000
2024 - 2025 3,000 3,900 18,200 49,600 6,600 10,800 11,200 18,400 35,900 1,200 61,000 34,600 300 56,700 115,000 700 8,000 435,000
2025 - 2026 3,000 3,900 18,400 46,800 6,600 10,200 11,200 17,300 36,900 1,200 61,000 34,600 300 53,500 118,000 700 8,000 432,000
2026 - 2027 3,000 3,900 18,700 44,000 6,600 9,600 11,200 16,300 37,900 1,200 61,000 34,600 300 50,300 121,000 700 8,000 428,000
2027 - 2028 3,000 3,900 19,000 41,200 6,600 8,900 11,200 15,300 38,900 1,200 61,000 34,500 300 47,000 125,000 700 7,000 425,000
2028 - 2029 3,000 3,900 19,300 38,400 6,600 8,300 11,200 14,300 40,000 1,200 61,000 34,500 300 43,800 128,000 700 7,000 422,000
2029 - 2030 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000
2030 - 2031 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000
2031 - 2032 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000
2032 - 2033 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000
2033 - 2034 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,200 40,900 1,200 61,000 34,200 300 40,600 131,000 700 7,000 417,000
2034 - 2035 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000
2035 - 2036 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000
2036 - 2037 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000
2037 - 2038 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000
2038 - 2039 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 40,700 1,200 61,000 34,200 300 40,600 130,000 700 7,000 416,000
2039 - 2040 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2040 - 2041 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2041 - 2042 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2042 - 2043 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2043 - 2044 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2044 - 2045 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2045 - 2046 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2046 - 2047 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2047 - 2048 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2048 - 2049 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2049 - 2050 3,000 3,900 19,400 35,600 6,500 7,700 11,200 13,300 36,200 1,200 61,000 34,200 300 40,600 116,000 700 7,000 398,000
2050 - 2051 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2051 - 2052 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2052 - 2053 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2053 - 2054 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2054 - 2055 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2055 - 2056 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2056 - 2057 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2057 - 2058 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2058 - 2059 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2059 - 2060 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2060 - 2061 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2061 - 2062 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2062 - 2063 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2063 - 2064 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2064 - 2065 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2065 - 2066 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2066 - 2067 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2067 - 2068 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2068 - 2069 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000
2069 - 2070 3,000 3,800 19,300 30,800 6,300 6,700 10,900 11,500 33,600 1,200 61,000 33,300 300 35,100 108,000 700 6,000 372,000

17/18-69/70 Avg 3,000 3,900 19,000 36,800 6,400 8,000 11,000 13,700 36,100 1,200 61,000 33,800 300 42,000 116,000 700 6,900 400,000

Deep Percolation of Applied Water Evapotranspiration
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River
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Use from 
Pumping
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Projected Future Lower Tule River Irrigation District GSA Surface Water Budget
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Table 4

Return
Flow

Return
Flow

From 
Outside 

Subbasin

From 
Other 
GSAs

To 
Outside 

Subbasin

To Other 
GSAs

2017 - 2018 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 10,000 44,000 42,000 257,000 1,900 149,000 11,640 41,000 98,000 302,000 -45,000
2018 - 2019 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 12,000 43,000 43,000 259,000 1,900 149,000 11,640 41,000 96,000 300,000 -41,000
2019 - 2020 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 14,000 41,000 44,000 260,000 1,900 149,000 11,640 41,000 93,000 297,000 -37,000
2020 - 2021 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 16,000 39,000 44,000 260,000 1,900 149,000 11,640 41,000 92,000 296,000 -36,000
2021 - 2022 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 17,000 37,000 45,000 260,000 1,900 149,000 11,640 41,000 91,000 295,000 -35,000
2022 - 2023 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 18,000 35,000 45,000 259,000 1,900 149,000 11,640 42,000 90,000 295,000 -36,000
2023 - 2024 3,000 3,900 17,000 6,400 10,800 52,400 11,400 19,400 35,400 1,200 19,000 33,000 46,000 259,000 1,900 149,000 11,640 42,000 89,000 294,000 -35,000
2024 - 2025 3,000 3,900 18,200 6,600 11,200 49,600 10,800 18,400 35,900 1,200 20,000 32,000 46,000 257,000 1,900 151,000 11,640 43,000 85,000 293,000 -36,000
2025 - 2026 3,000 3,900 18,400 6,600 11,200 46,800 10,200 17,300 36,900 1,200 20,000 31,000 47,000 254,000 1,900 155,000 8,730 43,000 83,000 292,000 -38,000
2026 - 2027 3,000 3,900 18,700 6,600 11,200 44,000 9,600 16,300 37,900 1,200 22,000 31,000 48,000 253,000 1,900 159,000 8,730 43,000 80,000 293,000 -40,000
2027 - 2028 3,000 3,900 19,000 6,600 11,200 41,200 8,900 15,300 38,900 1,200 23,000 31,000 48,000 251,000 1,900 164,000 8,730 43,000 78,000 296,000 -45,000
2028 - 2029 3,000 3,900 19,300 6,600 11,200 38,400 8,300 14,300 40,000 1,200 24,000 32,000 49,000 251,000 1,900 168,000 8,730 42,000 75,000 296,000 -45,000
2029 - 2030 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 24,000 32,000 50,000 249,000 1,900 172,000 8,730 42,000 70,000 295,000 -46,000
2030 - 2031 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 23,000 31,000 51,000 248,000 1,900 172,000 5,820 42,000 68,000 290,000 -42,000
2031 - 2032 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 23,000 32,000 51,000 249,000 1,900 172,000 5,820 42,000 67,000 289,000 -40,000
2032 - 2033 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 22,000 32,000 52,000 249,000 1,900 172,000 5,820 41,000 65,000 286,000 -37,000
2033 - 2034 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,200 40,900 1,200 22,000 32,000 52,000 249,000 1,900 172,000 5,820 41,000 64,000 285,000 -36,000
2034 - 2035 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 20,000 31,000 53,000 247,000 1,900 171,000 5,820 42,000 56,000 277,000 -30,000
2035 - 2036 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 18,000 31,000 53,000 245,000 1,900 171,000 2,910 42,000 54,000 272,000 -27,000
2036 - 2037 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 17,000 31,000 53,000 244,000 1,900 171,000 2,910 41,000 52,000 269,000 -25,000
2037 - 2038 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 16,000 31,000 53,000 243,000 1,900 171,000 2,910 41,000 50,000 267,000 -24,000
2038 - 2039 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 40,700 1,200 16,000 31,000 53,000 243,000 1,900 171,000 2,910 41,000 48,000 265,000 -22,000
2039 - 2040 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 12,000 29,000 53,000 232,000 1,900 152,000 0 42,000 47,000 243,000 -11,000
2040 - 2041 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 10,000 30,000 53,000 231,000 1,900 152,000 0 42,000 46,000 242,000 -11,000
2041 - 2042 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 10,000 30,000 53,000 231,000 1,900 152,000 0 42,000 45,000 241,000 -10,000
2042 - 2043 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 9,000 30,000 53,000 230,000 1,900 152,000 0 42,000 44,000 240,000 -10,000
2043 - 2044 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 8,000 30,000 53,000 229,000 1,900 152,000 0 42,000 43,000 239,000 -10,000
2044 - 2045 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 8,000 31,000 53,000 230,000 1,900 152,000 0 42,000 42,000 238,000 -8,000
2045 - 2046 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 53,000 229,000 1,900 152,000 0 41,000 42,000 237,000 -8,000
2046 - 2047 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 53,000 229,000 1,900 152,000 0 41,000 41,000 236,000 -7,000
2047 - 2048 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 7,000 31,000 54,000 230,000 1,900 152,000 0 41,000 41,000 236,000 -6,000
2048 - 2049 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 6,000 31,000 54,000 229,000 1,900 152,000 0 41,000 41,000 236,000 -7,000
2049 - 2050 3,000 3,900 19,400 6,500 11,200 35,600 7,700 13,300 36,200 1,200 6,000 32,000 54,000 230,000 1,900 152,000 0 41,000 40,000 235,000 -5,000
2050 - 2051 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000
2051 - 2052 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000
2052 - 2053 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 41,000 225,000 -7,000
2053 - 2054 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 6,000 31,000 54,000 218,000 1,900 141,000 0 41,000 40,000 224,000 -6,000
2054 - 2055 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 31,000 54,000 217,000 1,900 141,000 0 41,000 40,000 224,000 -7,000
2055 - 2056 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 40,000 224,000 -6,000
2056 - 2057 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2057 - 2058 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2058 - 2059 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2059 - 2060 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 5,000 32,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2060 - 2061 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 32,000 54,000 217,000 1,900 141,000 0 41,000 39,000 223,000 -6,000
2061 - 2062 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2062 - 2063 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2063 - 2064 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2064 - 2065 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 39,000 223,000 -5,000
2065 - 2066 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 38,000 222,000 -4,000
2066 - 2067 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 4,000 33,000 54,000 218,000 1,900 141,000 0 41,000 38,000 222,000 -4,000
2067 - 2068 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 39,000 223,000 -6,000
2068 - 2069 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 38,000 222,000 -5,000
2069 - 2070 3,000 3,800 19,300 6,300 10,900 30,800 6,700 11,500 33,600 1,200 3,000 33,000 54,000 217,000 1,900 141,000 0 41,000 38,000 222,000 -5,000

17/18-69/70 Avg 3,000 3,900 19,000 6,400 11,000 36,800 8,000 13,700 36,100 1,200 11,000 33,000 52,000 235,000 1,900 152,000 3,300 41,000 55,000 253,000 -18,000
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Table 1a

Tule
River

Deer
Creek

White
River

Saucelito
ID

Terra Bella
ID

Kern-Tulare 
WD

Porterville 
ID

Tea Pot 
Dome WD Agricultural Municipal

1986 - 1987 92,000 70,029 8,389 2,496 23,879 13,136 10,899 15,337 5,490 207,000 9,600 458,000
1987 - 1988 132,000 39,842 6,095 1,420 19,666 21,961 12,210 13,067 5,493 207,000 11,100 470,000
1988 - 1989 107,000 49,667 7,795 1,942 22,426 22,561 11,991 13,106 6,226 206,000 11,700 460,000
1989 - 1990 103,000 29,342 4,706 778 16,166 23,159 11,371 11,520 6,193 215,000 12,200 433,000
1990 - 1991 139,000 51,275 7,247 1,362 19,848 18,725 9,762 11,322 5,636 218,000 12,600 495,000
1991 - 1992 120,000 34,325 4,080 739 21,336 20,743 11,700 15,569 6,607 207,000 12,900 455,000
1992 - 1993 194,000 115,640 15,422 3,623 41,261 18,180 12,357 12,310 6,968 181,000 13,100 614,000
1993 - 1994 123,000 61,313 6,908 1,148 22,064 18,740 14,255 12,895 6,526 206,000 13,500 486,000
1994 - 1995 256,000 218,480 32,053 10,596 37,477 16,186 11,681 9,455 6,562 180,000 13,400 792,000
1995 - 1996 135,000 174,473 23,095 5,957 48,924 21,617 15,415 13,808 7,993 163,000 13,600 623,000
1996 - 1997 189,000 353,968 58,781 12,920 40,908 20,158 15,736 13,379 7,298 172,000 14,500 899,000
1997 - 1998 305,000 439,125 88,360 36,764 28,221 13,165 11,745 10,159 4,913 195,000 13,700 1,146,000
1998 - 1999 156,000 108,466 18,410 7,469 37,062 17,567 14,527 16,107 9,218 185,000 13,700 584,000
1999 - 2000 149,000 102,354 15,230 4,878 39,734 19,200 16,476 15,545 7,191 186,000 14,600 570,000
2000 - 2001 111,000 55,249 7,016 4,695 25,252 19,194 17,550 15,436 6,456 200,000 14,700 477,000
2001 - 2002 106,000 73,206 10,370 6,176 26,131 20,234 15,088 13,628 6,388 201,000 16,400 495,000
2002 - 2003 104,000 125,004 15,678 5,875 33,692 18,356 14,591 14,646 5,844 190,000 16,000 544,000
2003 - 2004 87,000 51,738 6,882 2,350 26,988 20,352 15,755 14,698 6,913 191,000 17,000 441,000
2004 - 2005 166,000 172,558 22,758 6,502 42,840 15,266 13,495 14,748 5,217 172,000 15,800 647,000
2005 - 2006 168,000 195,667 23,868 7,588 45,106 21,763 14,507 13,251 6,436 159,000 16,600 672,000
2006 - 2007 71,000 38,587 6,901 1,815 16,280 20,797 15,133 9,775 5,489 207,000 17,500 410,000
2007 - 2008 79,000 74,030 8,411 2,355 24,083 18,192 17,689 12,988 6,894 192,000 17,700 453,000
2008 - 2009 85,000 54,737 6,620 1,751 31,282 19,701 15,524 18,000 6,165 181,000 17,000 437,000
2009 - 2010 136,000 144,778 16,470 5,080 42,855 17,574 14,027 14,335 5,845 165,000 16,300 578,000
2010 - 2011 201,000 266,473 44,873 14,997 46,733 16,381 13,405 9,387 6,105 154,000 16,200 790,000
2011 - 2012 127,000 87,533 11,311 3,334 19,189 19,757 14,309 9,318 4,680 195,000 16,800 508,000
2012 - 2013 58,000 30,283 4,777 1,145 14,102 20,628 14,955 10,298 4,354 199,000 17,100 375,000
2013 - 2014 41,000 13,171 2,957 535 5,724 12,390 9,986 178 1,030 233,000 16,100 336,000
2014 - 2015 59,000 8,820 1,994 253 1,503 12,012 5,438 114 260 243,000 13,900 346,000
2015 - 2016 91,000 74,330 14,559 4,547 20,049 14,357 11,805 13,271 4,627 194,000 13,700 456,000
2016 - 2017 95,000 352,963 51,145 17,241 51,137 16,089 14,203 21,651 6,694 144,000 14,000 784,000

86/87-16/17 Avg 129,000 118,300 17,800 5,800 28,800 18,300 13,500 12,600 5,900 192,000 14,600 557,000

Surface Water Inflow (acre-ft)

Eastern Tule GSA
Historical Surface Water Budget 1986/87 to 2016/17

Discharge from Wells
Total InWater Year Precip-

itation

Stream Inflow Imported Water
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Table 1b

Success to 
Oettle Bridge 

Infiltration

Before 
Trenton 

Weir 
Infiltration

Agricultural 
Cons. Use

Stream 
Channel

Stream 
Channel

Stream 
Channel

Agricultural 
Cons. Use

Agricultural 
Cons. Use

Recharge in 
Basins

To
LTIRD 
GSA

To
FKC

To
Pixley 
GSA

To
DEID 
GSA

1986 - 1987 0 11,600 8,100 2,400 5,400 2,600 3,200 13,400 200 36,000 2,700 92,000 11,300 400 300 100 55,300 171,000 700 50 3,400 40,400 0 0 0 659,000
1987 - 1988 4,000 8,000 5,800 1,300 5,000 3,200 4,100 15,000 200 37,100 2,900 128,000 10,200 300 300 100 57,400 170,000 900 50 3,900 14,700 0 0 0 709,000
1988 - 1989 0 8,700 7,500 1,800 6,200 3,400 1,700 14,300 200 37,000 3,000 107,000 6,500 300 300 100 62,000 169,000 1,000 50 4,100 22,900 0 0 0 673,000
1989 - 1990 0 5,000 4,400 700 3,700 3,600 1,500 12,500 200 39,100 3,100 103,000 5,800 400 300 100 55,900 175,000 1,000 50 4,300 7,100 0 0 0 634,000
1990 - 1991 7,000 6,400 6,900 1,300 5,200 3,700 1,500 12,500 200 39,200 3,200 132,000 5,500 300 300 100 52,800 179,000 1,000 50 4,500 22,700 0 0 0 719,000
1991 - 1992 1,000 4,300 3,800 700 3,700 3,800 1,600 14,300 200 37,100 3,200 118,000 5,900 400 300 100 61,600 170,000 1,100 50 4,500 9,900 0 0 0 672,000
1992 - 1993 41,000 18,500 15,100 3,500 8,200 3,900 8,900 20,000 200 30,600 3,300 153,000 16,000 400 400 100 71,100 150,000 1,100 50 4,600 57,600 0 0 0 882,000
1993 - 1994 2,000 6,100 6,600 1,100 5,000 4,000 4,000 15,700 200 36,900 3,400 121,000 8,900 300 300 100 58,800 169,000 1,100 50 4,800 31,300 0 0 0 710,000
1994 - 1995 81,000 36,400 21,200 6,600 7,800 3,900 15,400 17,600 200 30,200 3,400 175,000 23,100 400 400 100 63,800 150,000 1,100 50 4,700 142,900 0 10,400 3,900 1,096,000
1995 - 1996 5,000 20,700 13,700 4,600 7,800 3,900 16,100 27,100 200 27,000 3,500 130,000 22,600 400 400 100 80,700 136,000 1,100 50 4,800 105,900 0 9,000 1,300 887,000
1996 - 1997 37,000 34,600 45,100 6,100 5,400 4,300 14,700 23,300 200 29,200 3,600 151,000 21,500 400 400 100 74,200 143,000 1,200 50 5,100 250,300 36,400 13,300 6,700 1,188,000
1997 - 1998 112,000 41,100 14,900 9,500 4,100 3,900 12,000 14,400 200 33,000 3,600 193,000 23,600 400 400 200 53,800 162,000 1,100 50 4,800 286,700 0 74,600 27,100 1,384,000
1998 - 1999 17,000 14,300 13,300 7,100 6,200 3,900 3,600 19,700 200 32,000 3,600 139,000 10,900 400 400 200 74,800 153,000 1,100 50 4,800 71,000 0 4,800 200 843,000
1999 - 2000 12,000 16,900 10,100 4,100 5,500 4,200 3,200 21,500 200 32,500 3,700 137,000 8,500 400 400 100 76,700 154,000 1,200 50 5,100 64,000 0 4,800 600 826,000
2000 - 2001 0 12,300 6,700 4,300 4,800 4,300 2,100 16,700 200 35,800 3,800 111,000 7,300 300 300 100 67,100 164,000 1,200 50 5,200 27,500 0 0 300 701,000
2001 - 2002 0 14,800 10,100 5,000 5,800 4,900 3,800 17,300 300 36,000 4,000 106,000 9,100 400 300 100 64,100 165,000 1,400 50 5,800 32,900 0 0 1,100 708,000
2002 - 2003 0 19,700 13,600 5,100 6,300 4,800 1,800 15,800 200 30,000 3,900 104,000 6,900 400 400 100 71,400 160,000 1,400 50 5,600 77,600 0 1,700 600 748,000
2003 - 2004 0 9,900 6,600 2,300 3,900 5,100 2,400 14,600 200 30,100 4,100 87,000 6,100 400 300 100 70,100 160,000 1,500 50 6,000 24,500 0 0 0 633,000
2004 - 2005 23,000 24,200 14,400 5,100 7,300 2,400 5,900 16,900 500 26,200 3,900 143,000 13,900 400 400 100 74,700 146,000 3,300 50 5,600 91,500 0 8,000 1,300 881,000
2005 - 2006 24,000 28,100 14,400 5,100 6,900 2,000 15,500 21,000 700 24,200 4,000 144,000 18,900 400 400 100 80,000 135,000 4,000 50 5,800 129,200 0 9,200 2,400 947,000
2006 - 2007 0 6,200 6,600 1,700 4,300 2,000 1,700 11,600 700 33,300 4,100 71,000 4,000 300 300 100 55,900 174,000 4,400 50 6,200 20,000 0 0 0 577,000
2007 - 2008 0 11,700 8,100 2,300 6,000 2,000 2,100 13,800 800 30,500 4,200 79,000 6,000 300 300 100 66,000 162,000 4,500 50 6,200 42,700 0 0 0 635,000
2008 - 2009 0 9,500 6,300 1,600 4,800 2,000 2,700 16,500 700 28,400 4,100 85,000 6,700 400 300 100 74,200 153,000 4,200 50 6,000 29,200 0 0 0 635,000
2009 - 2010 6,000 25,600 16,100 5,000 8,500 2,000 9,000 18,600 600 24,900 4,000 131,000 18,100 400 400 100 76,100 140,000 3,900 50 5,800 82,500 0 0 0 834,000
2010 - 2011 45,000 37,100 24,400 8,300 7,200 2,000 14,700 18,500 600 23,400 4,000 156,000 18,800 400 400 200 73,500 131,000 3,800 50 5,700 191,800 10,000 20,200 6,500 1,080,000
2011 - 2012 3,000 13,600 11,000 3,200 6,600 2,000 1,800 11,600 700 31,500 4,100 124,000 4,700 400 300 100 55,700 163,000 4,100 50 5,900 58,800 0 0 0 727,000
2012 - 2013 0 4,900 4,500 1,000 5,300 2,000 1,100 10,900 700 32,300 4,100 58,000 2,700 400 300 100 53,400 167,000 4,200 50 6,000 14,400 0 0 0 525,000
2013 - 2014 0 2,300 2,700 400 3,800 2,000 1,000 5,100 600 37,900 4,000 41,000 2,400 300 300 100 24,200 195,000 3,800 50 5,700 0 0 0 0 443,000
2014 - 2015 0 1,000 1,800 200 3,600 2,000 1,100 2,600 500 39,400 3,700 59,000 2,300 300 200 100 16,700 203,000 2,700 50 4,900 0 0 0 0 467,000
2015 - 2016 0 16,000 14,300 4,400 5,800 2,000 1,700 10,600 400 30,700 3,700 91,000 5,900 300 300 100 53,500 163,000 2,700 50 4,800 35,400 0 0 0 632,000
2016 - 2017 0 42,100 37,000 6,900 8,900 2,000 26,900 29,300 500 21,400 3,700 95,000 20,700 400 400 200 80,500 122,000 2,800 50 4,900 187,800 0 13,800 10,200 940,000

86/87-16/17 Avg 14,000 16,500 12,100 3,600 5,800 3,200 6,000 15,900 400 32,000 3,700 115,000 10,800 400 300 100 63,100 160,000 2,200 50 5,100 70,100 1,500 5,500 2,000 775,000

Groundwater Inflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Surface Water or ET Outflows Not Included in Groundwater Recharge or Sustainable Yield Estimates

Eastern Tule GSA
Historical Subbasin Surface Water Budget 1986/87 to 2016/17

Surface Water Outflow (acre-ft)

Recycled
Water

Deep Percolation of Applied WaterStreambed Infiltration

Areal
Recharge

of 
Precip-
itation

Tule
River

Recyled
Water

Recharge in 
BasinsDeer

CreekTule River
Agri-

cultural 
Pumping

Muni-
cipal

Pumping

Evapotransportation Surface Outflow

Tule River Recycled Water Deer
Creek

White
RiverTule RiverDeer

Creek
White
River

Water Year Total OutPrecipitation
Crops/Native

Tule
River

Municipal 
(Landscape 

ET)

Imported
Water

Imported 
Water

White
River

Ag. Cons. 
Use from 
Pumping
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Table 2

Success to
Oettle Bridge

Infiltration

Recharge 
in Basins

Return
Flow

Infiltration
Before

Trenton
Weir

Infiltration
Before
DEID

Return Flow Irrigated
Agriculture

Agricultural
Return Flow

Artificial
Recharge

From 
Outside 

Subbasin

From 
Other 
GSAs

Muni-
cipal

Agri-
culture

To Outside 
Subbasin

To Other 
GSAs

1986 - 1987 0 11,600 5,400 3,200 8,100 2,400 13,400 36,000 2,700 200 2,600 36,000 9,000 37,000 28,000 196,000 9,600 207,000 4,000 74,000 295,000 -99,000
1987 - 1988 4,000 8,000 5,000 4,100 5,800 1,300 15,000 37,100 2,900 200 3,200 15,000 10,000 36,000 29,000 177,000 11,100 207,000 4,000 73,000 295,000 -118,000
1988 - 1989 0 8,700 6,200 1,700 7,500 1,800 14,300 37,000 3,000 200 3,400 12,000 11,000 45,000 29,000 181,000 11,700 206,000 3,000 72,000 293,000 -112,000
1989 - 1990 0 5,000 3,700 1,500 4,400 700 12,500 39,100 3,100 200 3,600 15,000 10,000 39,000 29,000 167,000 12,200 215,000 4,000 79,000 310,000 -143,000
1990 - 1991 7,000 6,400 5,200 1,500 6,900 1,300 12,500 39,200 3,200 200 3,700 16,000 10,000 45,000 29,000 187,000 12,600 218,000 4,000 77,000 312,000 -125,000
1991 - 1992 1,000 4,300 3,700 1,600 3,800 700 14,300 37,100 3,200 200 3,800 15,000 10,000 41,000 30,000 170,000 12,900 207,000 4,000 78,000 302,000 -132,000
1992 - 1993 41,000 18,500 8,200 8,900 15,100 3,500 20,000 30,600 3,300 200 3,900 10,000 9,000 54,000 30,000 256,000 13,100 181,000 4,000 59,000 257,000 -1,000
1993 - 1994 2,000 6,100 5,000 4,000 6,600 1,100 15,700 36,900 3,400 200 4,000 14,000 8,000 36,000 30,000 173,000 13,500 206,000 5,000 70,000 295,000 -122,000
1994 - 1995 81,000 36,400 7,800 15,400 21,200 6,600 17,600 30,200 3,400 200 3,900 8,000 8,000 51,000 30,000 321,000 13,400 180,000 6,000 65,000 264,000 57,000
1995 - 1996 5,000 20,700 7,800 16,100 13,700 4,600 27,100 27,000 3,500 200 3,900 7,000 7,000 49,000 27,000 220,000 13,600 163,000 6,000 56,000 239,000 -19,000
1996 - 1997 37,000 34,600 5,400 14,700 45,100 6,100 23,300 29,200 3,600 200 4,300 5,000 7,000 46,000 28,000 290,000 14,500 172,000 6,000 58,000 251,000 39,000
1997 - 1998 112,000 41,100 4,100 12,000 14,900 9,500 14,400 33,000 3,600 200 3,900 7,000 6,000 49,000 30,000 341,000 13,700 195,000 7,000 58,000 274,000 67,000
1998 - 1999 17,000 14,300 6,200 3,600 13,300 7,100 19,700 32,000 3,600 200 3,900 6,000 6,000 49,000 30,000 212,000 13,700 185,000 6,000 58,000 263,000 -51,000
1999 - 2000 12,000 16,900 5,500 3,200 10,100 4,100 21,500 32,500 3,700 200 4,200 5,000 8,000 45,000 30,000 202,000 14,600 186,000 5,000 58,000 264,000 -62,000
2000 - 2001 0 12,300 4,800 2,100 6,700 4,300 16,700 35,800 3,800 200 4,300 8,000 8,000 42,000 30,000 179,000 14,700 200,000 5,000 61,000 281,000 -102,000
2001 - 2002 0 14,800 5,800 3,800 10,100 5,000 17,300 36,000 4,000 300 4,900 10,000 8,000 43,000 30,000 193,000 16,400 201,000 5,000 63,000 285,000 -92,000
2002 - 2003 0 19,700 6,300 1,800 13,600 5,100 15,800 30,000 3,900 200 4,800 10,000 8,000 48,000 29,000 196,000 16,000 190,000 4,000 56,000 266,000 -70,000
2003 - 2004 0 9,900 3,900 2,400 6,600 2,300 14,600 30,100 4,100 200 5,100 11,000 8,000 40,000 29,000 167,000 17,000 191,000 4,000 57,000 269,000 -102,000
2004 - 2005 23,000 24,200 7,300 5,900 14,400 5,100 16,900 26,200 3,900 500 2,400 9,000 7,000 49,000 29,000 224,000 15,800 172,000 5,000 49,000 242,000 -18,000
2005 - 2006 24,000 28,100 6,900 15,500 14,400 5,100 21,000 24,200 4,000 700 2,000 5,000 7,000 47,000 29,000 234,000 16,600 159,000 6,000 52,000 234,000 0
2006 - 2007 0 6,200 4,300 1,700 6,600 1,700 11,600 33,300 4,100 700 2,000 11,000 7,000 35,000 29,000 154,000 17,500 207,000 6,000 59,000 290,000 -136,000
2007 - 2008 0 11,700 6,000 2,100 8,100 2,300 13,800 30,500 4,200 800 2,000 12,000 7,000 42,000 30,000 173,000 17,700 192,000 5,000 57,000 272,000 -99,000
2008 - 2009 0 9,500 4,800 2,700 6,300 1,600 16,500 28,400 4,100 700 2,000 14,000 7,000 39,000 30,000 167,000 17,000 181,000 5,000 60,000 263,000 -96,000
2009 - 2010 6,000 25,600 8,500 9,000 16,100 5,000 18,600 24,900 4,000 600 2,000 12,000 6,000 47,000 29,000 214,000 16,300 165,000 6,000 52,000 239,000 -25,000
2010 - 2011 45,000 37,100 7,200 14,700 24,400 8,300 18,500 23,400 4,000 600 2,000 5,000 6,000 47,000 29,000 272,000 16,200 154,000 6,000 55,000 231,000 41,000
2011 - 2012 3,000 13,600 6,600 1,800 11,000 3,200 11,600 31,500 4,100 700 2,000 10,000 7,000 39,000 29,000 174,000 16,800 195,000 6,000 63,000 281,000 -107,000
2012 - 2013 0 4,900 5,300 1,100 4,500 1,000 10,900 32,300 4,100 700 2,000 13,000 7,000 37,000 29,000 153,000 17,100 199,000 5,000 64,000 285,000 -132,000
2013 - 2014 0 2,300 3,800 1,000 2,700 400 5,100 37,900 4,000 600 2,000 22,000 7,000 35,000 30,000 154,000 16,100 233,000 6,000 65,000 320,000 -166,000
2014 - 2015 0 1,000 3,600 1,100 1,800 200 2,600 39,400 3,700 500 2,000 24,000 7,000 33,000 30,000 150,000 13,900 243,000 6,000 63,000 326,000 -176,000
2015 - 2016 0 16,000 5,800 1,700 14,300 4,400 10,600 30,700 3,700 400 2,000 18,000 6,000 35,000 30,000 179,000 13,700 194,000 6,000 54,000 268,000 -89,000
2016 - 2017 0 42,100 8,900 26,900 37,000 6,900 29,300 21,400 3,700 500 2,000 13,000 5,000 42,000 29,000 268,000 14,000 144,000 7,000 45,000 210,000 58,000

86/87-16/17 Avg 14,000 16,500 5,800 6,000 12,100 3,600 15,900 32,000 3,700 400 3,200 12,000 8,000 43,000 29,000 205,000 14,600 192,000 5,000 62,000 274,000 -69,000

Cummulative Change in Storage  -2,132,000

Groundwater Inflows or Outflows to be Included in Sustainable Yield Estimates
Groundwater Inflows to be Excluded from the Sustainable Yield Estimates
Groundwater Outflows Not Included in Sustainable Yield Estimates

Groundwater 
Pumping

Eastern Tule GSA
Historical Groundwater Budget 1986/87 to 2016/17

Change
in

Storage
(acre-ft)

Mountain-
Block 

Recharge

Imported Water
Deliveries

Total Out

Agricultural
Pumping

Municipal Pumping

Return
Flow

Groundwater Outflows (acre-ft)

Water Year

Areal
Recharge

from
Precip-
itation

Sub-surface
Inflow

Sub-surface
OutflowRecycled Water Release of 

Water from 
Compression of 

Aquitards

Groundwater Inflows (acre-ft)

Tule River Deer
Creek

White
River

Total In
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Tule
River

Deer
Creek

White
River

Saucelito
ID

Terra Bella
ID

Kern-Tulare 
WD

Porterville 
ID

Tea Pot 
Dome WD

City of 
Porterville Hope WD Ducor ID Agricultural Municipal

2017 - 2018 128,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 158,000 14,700 553,000
2018 - 2019 128,000 131,258 19,410 6,347 34,567 18,786 15,335 19,803 6,528 0 0 0 157,000 16,400 553,000
2019 - 2020 128,000 131,258 19,410 6,347 34,567 18,786 15,335 23,103 6,528 0 0 0 151,000 18,000 552,000
2020 - 2021 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 148,000 18,400 555,000
2021 - 2022 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 0 0 148,000 18,800 555,000
2022 - 2023 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 0 148,000 19,100 557,000
2023 - 2024 128,000 131,258 19,410 6,347 35,667 18,786 17,935 23,103 6,528 1,100 1,667 4,000 148,000 19,500 561,000
2024 - 2025 128,000 134,258 19,410 6,347 34,893 20,304 18,229 24,339 6,594 1,100 1,667 4,000 138,000 20,000 557,000
2025 - 2026 128,000 134,258 19,410 6,347 34,118 21,823 17,843 25,575 6,661 1,100 1,667 4,000 138,000 20,400 559,000
2026 - 2027 128,000 134,258 19,410 6,347 33,343 23,341 17,458 26,812 6,727 1,100 1,667 4,000 136,000 20,800 559,000
2027 - 2028 128,000 134,258 19,410 6,347 32,568 24,860 17,072 28,048 6,793 1,100 1,667 4,000 134,000 21,300 559,000
2028 - 2029 128,000 134,258 19,410 6,347 31,794 26,378 16,687 29,285 6,860 1,100 1,667 4,000 132,000 21,700 559,000
2029 - 2030 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 92,000 22,200 523,000
2030 - 2031 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 97,000 22,700 529,000
2031 - 2032 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 23,100 528,000
2032 - 2033 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 23,600 529,000
2033 - 2034 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 96,000 24,200 529,000
2034 - 2035 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 24,700 504,000
2035 - 2036 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 25,200 504,000
2036 - 2037 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 70,000 25,800 505,000
2037 - 2038 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 26,300 504,000
2038 - 2039 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 26,900 505,000
2039 - 2040 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2040 - 2041 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2041 - 2042 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2042 - 2043 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2043 - 2044 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2044 - 2045 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2045 - 2046 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2046 - 2047 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2047 - 2048 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2048 - 2049 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2049 - 2050 128,000 134,258 19,410 6,347 31,019 27,897 18,039 30,521 6,926 1,100 1,667 4,000 69,000 27,500 506,000
2050 - 2051 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2051 - 2052 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2052 - 2053 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2053 - 2054 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2054 - 2055 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2055 - 2056 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2056 - 2057 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2057 - 2058 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2058 - 2059 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2059 - 2060 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2060 - 2061 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2061 - 2062 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2062 - 2063 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2063 - 2064 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2064 - 2065 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2065 - 2066 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2066 - 2067 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2067 - 2068 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2068 - 2069 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000
2069 - 2070 128,000 130,581 18,943 6,143 29,378 26,278 18,039 28,441 6,524 1,100 1,667 4,000 68,000 27,500 495,000

17/18-69/70 Avg 128,000 132,500 19,200 6,300 31,200 25,700 17,800 28,300 6,700 1,000 1,500 3,500 88,000 25,000 515,000

Surface Water Inflow (acre-ft)

Projected Future Eastern Tule GSA Surface Water Budget

Discharge from Wells
Total InWater Year Precip-

itation

Stream Inflow Imported Water
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Success to 
Oettle Bridge 

Infiltration

Before 
Trenton 

Weir 
Infiltration

Agricultural 
Cons. Use

Stream 
Channel

Stream 
Channel

Stream 
Channel

Agricultural 
Cons. Use

Agricultural 
Cons. Use

Recharge in 
Basins

To
LTIRD 
GSA

To
FKC

To
Pixley 
GSA

To
DEID 
GSA

2017 - 2018 14,000 17,900 11,600 4,000 5,800 800 0 2,000 4,600 19,700 600 24,300 3,400 115,000 13,900 300 300 100 75,400 133,000 3,500 50 5,200 80,000 0 6,700 2,200 544,000
2018 - 2019 14,000 17,900 11,600 4,000 5,800 800 0 2,000 4,600 19,700 700 24,200 3,600 115,000 13,900 300 300 100 75,400 133,000 4,300 50 5,800 80,000 0 6,700 2,200 546,000
2019 - 2020 14,000 17,900 11,600 4,000 6,700 800 3,300 2,500 4,600 20,600 400 23,200 3,800 115,000 13,900 300 300 100 77,700 125,000 2,600 50 8,700 80,000 0 6,700 2,200 546,000
2020 - 2021 14,000 17,900 11,600 4,000 6,700 800 5,500 2,600 4,600 21,000 400 22,800 3,800 115,000 13,900 300 300 100 80,000 123,000 2,600 50 8,900 80,000 0 6,700 2,200 549,000
2021 - 2022 14,000 17,900 11,600 4,000 6,700 800 5,500 2,600 4,600 21,000 400 22,800 3,800 115,000 13,900 300 300 100 80,000 123,000 2,700 50 9,100 80,000 0 6,700 2,200 549,000
2022 - 2023 14,000 17,900 11,600 4,000 6,700 800 7,200 2,700 4,600 21,000 500 22,800 3,900 115,000 13,900 300 300 100 80,000 123,000 2,800 50 9,300 80,000 0 6,700 2,200 551,000
2023 - 2024 14,000 17,900 11,600 4,000 6,700 800 11,200 2,800 4,600 21,000 500 22,800 3,900 115,000 13,900 300 300 100 80,000 123,000 2,800 50 9,500 80,000 0 6,700 2,200 556,000
2024 - 2025 14,000 17,900 11,600 4,000 7,100 800 11,200 2,800 4,600 21,400 500 21,300 4,000 115,000 14,000 300 300 100 81,900 114,000 2,900 50 9,700 82,600 0 6,700 2,200 551,000
2025 - 2026 14,000 17,900 11,600 4,000 7,100 800 11,200 2,900 4,600 21,700 500 21,200 4,000 115,000 14,000 300 300 100 83,200 114,000 3,000 50 9,900 82,600 0 6,700 2,200 553,000
2026 - 2027 14,000 17,900 11,600 4,000 7,100 800 11,200 3,000 4,600 22,000 500 20,900 4,100 115,000 14,000 300 300 100 84,600 113,000 3,000 50 10,100 82,600 0 6,700 2,200 554,000
2027 - 2028 14,000 17,900 11,600 4,000 7,100 800 11,200 3,100 4,600 22,300 500 20,600 4,100 115,000 14,000 300 300 100 86,000 111,000 3,100 50 10,400 82,600 0 6,700 2,200 554,000
2028 - 2029 14,000 17,900 11,600 4,000 7,100 800 11,200 3,100 4,500 22,600 500 20,300 4,200 115,000 14,000 300 300 100 87,300 110,000 3,200 50 10,600 82,600 0 6,700 2,200 554,000
2029 - 2030 14,000 17,900 11,600 4,000 7,100 800 11,200 3,200 4,300 23,200 500 14,300 4,200 115,000 13,200 300 300 100 90,100 75,000 3,300 50 10,800 82,000 0 6,700 2,200 515,000
2030 - 2031 14,000 17,900 11,600 4,000 7,100 800 11,200 3,300 4,300 23,200 600 15,100 4,300 115,000 13,200 300 300 100 90,100 79,000 3,400 50 11,100 82,000 0 6,700 2,200 521,000
2031 - 2032 14,000 17,900 11,600 4,000 7,100 800 11,200 3,400 4,300 23,200 600 15,100 4,400 115,000 13,200 300 300 100 90,100 79,000 3,400 50 11,300 82,000 0 6,700 2,200 521,000
2032 - 2033 14,000 17,900 11,600 4,000 7,100 800 11,200 3,500 4,300 23,200 600 15,100 4,400 115,000 13,200 300 300 100 90,100 79,000 3,500 50 11,600 82,000 0 6,700 2,200 522,000
2033 - 2034 14,000 17,900 11,600 4,000 7,100 800 11,200 3,500 4,300 23,200 600 15,100 4,500 115,000 13,200 300 300 100 90,100 79,000 3,600 50 11,900 82,000 0 6,700 2,200 522,000
2034 - 2035 14,000 17,900 11,600 4,000 7,100 800 11,200 3,600 4,300 23,200 600 11,000 4,500 115,000 13,200 300 300 100 90,100 56,000 3,700 50 12,100 82,000 0 6,700 2,200 496,000
2035 - 2036 14,000 17,900 11,600 4,000 7,100 800 11,200 3,700 4,300 23,200 600 11,000 4,600 115,000 13,200 300 300 100 90,100 56,000 3,800 50 12,400 82,000 0 6,700 2,200 496,000
2036 - 2037 14,000 17,900 11,600 4,000 7,100 800 11,200 3,800 4,300 23,200 700 10,900 4,700 115,000 13,200 300 300 100 90,100 56,000 3,900 50 12,700 82,000 0 6,700 2,200 497,000
2037 - 2038 14,000 17,900 11,600 4,000 7,100 800 11,200 3,900 4,300 23,200 700 10,900 4,700 115,000 13,200 300 300 100 90,100 56,000 4,000 50 13,000 82,000 0 6,700 2,200 497,000
2038 - 2039 14,000 17,900 11,600 4,000 7,100 800 11,200 4,000 4,300 23,200 700 10,900 4,800 115,000 13,200 300 300 100 90,100 56,000 4,100 50 13,300 82,000 0 6,700 2,200 498,000
2039 - 2040 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2040 - 2041 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2041 - 2042 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2042 - 2043 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2043 - 2044 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2044 - 2045 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2045 - 2046 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2046 - 2047 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2047 - 2048 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2048 - 2049 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2049 - 2050 14,000 17,900 11,600 4,000 7,100 800 11,200 4,100 4,300 23,200 700 10,900 4,900 115,000 13,200 300 300 100 90,100 56,000 4,200 50 13,600 82,000 0 6,700 2,200 498,000
2050 - 2051 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2051 - 2052 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2052 - 2053 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2053 - 2054 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2054 - 2055 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2055 - 2056 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2056 - 2057 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2057 - 2058 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2058 - 2059 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2059 - 2060 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2060 - 2061 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2061 - 2062 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2062 - 2063 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2063 - 2064 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2064 - 2065 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2065 - 2066 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2066 - 2067 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2067 - 2068 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2068 - 2069 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000
2069 - 2070 14,000 17,400 11,300 3,900 6,600 800 11,200 4,100 4,500 22,200 700 10,800 4,900 115,000 12,500 300 300 100 85,400 54,000 4,200 50 13,600 79,800 0 6,500 2,200 486,000

17/18-69/70 Avg 14,000 17,700 11,500 4,000 6,800 800 10,300 3,700 4,400 22,400 600 13,800 4,600 115,000 13,100 300 300 100 86,300 72,000 3,800 50 12,200 81,000 0 6,600 2,200 508,000
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Tule Subbasin

Chapter 2 - Basin Setting
Appendix B

Table 4

Success to
Oettle Bridge

Infiltration

Recharge 
in Basins

Return
Flow

Infiltration
Before
Trenton

Weir

Recharge in 
Basins

Infiltration
Before
DEID

Return
Flow

Recharge
in Basins

Irrigated
Agriculture

Agricultural
Return Flow

Artificial
Recharge

From 
Outside 

Subbasin

From 
Other 
GSAs

Muni-
cipal

Agri-
culture

To Outside 
Subbasin

To Other 
GSAs

2017 - 2018 14,000 17,900 5,800 4,600 11,600 800 4,000 19,700 0 24,300 3,400 600 2,000 9,000 6,000 36,000 33,000 193,000 14,700 158,000 7,000 51,000 231,000 -38,000
2018 - 2019 14,000 17,900 5,800 4,600 11,600 800 4,000 19,700 0 24,200 3,600 700 2,000 9,000 6,000 36,000 33,000 193,000 16,400 157,000 7,000 51,000 231,000 -38,000
2019 - 2020 14,000 17,900 6,700 4,600 11,600 800 4,000 20,600 3,300 23,200 3,800 400 2,500 9,000 6,000 36,000 33,000 197,000 18,000 151,000 6,000 51,000 226,000 -29,000
2020 - 2021 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 5,500 22,800 3,800 400 2,600 8,000 5,000 35,000 33,000 197,000 18,400 148,000 7,000 51,000 224,000 -27,000
2021 - 2022 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 5,500 22,800 3,800 400 2,600 8,000 5,000 35,000 33,000 197,000 18,800 148,000 7,000 50,000 224,000 -27,000
2022 - 2023 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 7,170 22,800 3,900 500 2,700 8,000 5,000 35,000 33,000 199,000 19,100 148,000 7,000 50,000 224,000 -25,000
2023 - 2024 14,000 17,900 6,700 4,600 11,600 800 4,000 21,000 11,170 22,800 3,900 500 2,800 8,000 5,000 35,000 33,000 203,000 19,500 148,000 7,000 50,000 225,000 -22,000
2024 - 2025 14,000 17,900 7,100 4,600 11,600 800 4,000 21,400 11,170 21,300 4,000 500 2,800 6,000 5,000 34,000 33,000 199,000 20,000 138,000 6,000 49,000 213,000 -14,000
2025 - 2026 14,000 17,900 7,100 4,600 11,600 800 4,000 21,700 11,170 21,200 4,000 500 2,900 6,000 5,000 33,000 33,000 198,000 20,400 138,000 6,000 49,000 213,000 -15,000
2026 - 2027 14,000 17,900 7,100 4,600 11,600 800 4,000 22,000 11,170 20,900 4,100 500 3,000 6,000 5,000 32,000 33,000 198,000 20,800 136,000 6,000 49,000 212,000 -14,000
2027 - 2028 14,000 17,900 7,100 4,600 11,600 800 4,000 22,300 11,170 20,600 4,100 500 3,100 5,000 4,000 32,000 33,000 196,000 21,300 134,000 7,000 49,000 211,000 -15,000
2028 - 2029 14,000 17,900 7,100 4,500 11,600 800 4,000 22,600 11,170 20,300 4,200 500 3,100 5,000 4,000 31,000 33,000 195,000 21,700 132,000 7,000 49,000 210,000 -15,000
2029 - 2030 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 14,300 4,200 500 3,200 2,000 4,000 28,000 33,000 183,000 22,200 92,000 4,000 49,000 167,000 16,000
2030 - 2031 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,300 600 3,300 2,000 4,000 27,000 33,000 183,000 22,700 97,000 4,000 49,000 173,000 10,000
2031 - 2032 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,400 600 3,400 2,000 4,000 26,000 33,000 183,000 23,100 96,000 4,000 49,000 172,000 11,000
2032 - 2033 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,400 600 3,500 2,000 4,000 25,000 33,000 182,000 23,600 96,000 4,000 49,000 173,000 9,000
2033 - 2034 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 15,100 4,500 600 3,500 2,000 4,000 25,000 33,000 182,000 24,200 96,000 3,000 49,000 172,000 10,000
2034 - 2035 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 11,000 4,500 600 3,600 1,000 4,000 22,000 33,000 174,000 24,700 70,000 2,000 49,000 146,000 28,000
2035 - 2036 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 11,000 4,600 600 3,700 1,000 4,000 21,000 33,000 173,000 25,200 70,000 2,000 49,000 146,000 27,000
2036 - 2037 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,700 700 3,800 1,000 4,000 20,000 32,000 171,000 25,800 70,000 2,000 50,000 148,000 23,000
2037 - 2038 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,700 700 3,900 0 4,000 20,000 32,000 170,000 26,300 69,000 2,000 50,000 147,000 23,000
2038 - 2039 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,800 700 4,000 0 4,000 19,000 32,000 169,000 26,900 69,000 2,000 51,000 149,000 20,000
2039 - 2040 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 19,000 32,000 170,000 27,500 69,000 1,000 50,000 148,000 22,000
2040 - 2041 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 18,000 32,000 169,000 27,500 69,000 1,000 50,000 148,000 21,000
2041 - 2042 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 18,000 32,000 169,000 27,500 69,000 1,000 50,000 148,000 21,000
2042 - 2043 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 50,000 148,000 20,000
2043 - 2044 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 51,000 149,000 19,000
2044 - 2045 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 17,000 32,000 168,000 27,500 69,000 1,000 51,000 149,000 19,000
2045 - 2046 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 52,000 150,000 17,000
2046 - 2047 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 52,000 150,000 17,000
2047 - 2048 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 53,000 151,000 16,000
2048 - 2049 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 53,000 151,000 16,000
2049 - 2050 14,000 17,900 7,100 4,300 11,600 800 4,000 23,200 11,170 10,900 4,900 700 4,100 0 4,000 16,000 32,000 167,000 27,500 69,000 1,000 54,000 152,000 15,000
2050 - 2051 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 16,000 31,000 163,000 27,500 68,000 1,000 55,000 152,000 11,000
2051 - 2052 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 32,000 163,000 27,500 68,000 1,000 55,000 152,000 11,000
2052 - 2053 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 56,000 153,000 9,000
2053 - 2054 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 56,000 153,000 9,000
2054 - 2055 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 31,000 162,000 27,500 68,000 1,000 57,000 154,000 8,000
2055 - 2056 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 4,000 15,000 32,000 163,000 27,500 68,000 1,000 58,000 155,000 8,000
2056 - 2057 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 58,000 155,000 5,000
2057 - 2058 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 58,000 155,000 5,000
2058 - 2059 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000
2059 - 2060 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000
2060 - 2061 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 59,000 156,000 4,000
2061 - 2062 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000
2062 - 2063 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000
2063 - 2064 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000
2064 - 2065 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 60,000 157,000 3,000
2065 - 2066 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000
2066 - 2067 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000
2067 - 2068 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000
2068 - 2069 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 61,000 158,000 2,000
2069 - 2070 14,000 17,400 6,600 4,500 11,300 800 3,900 22,200 11,170 10,800 4,900 700 4,100 0 3,000 14,000 31,000 160,000 27,500 68,000 1,000 62,000 159,000 1,000

17/18-69/70 Avg 14,000 17,700 6,800 4,400 11,500 800 4,000 22,400 10,300 13,800 4,600 600 3,700 2,000 4,000 21,000 32,000 174,000 25,000 88,000 3,000 53,000 169,000 5,000
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