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http://docs.ppsmixeduse.com/ppp/DEIR_References/1971_1201_usepa_noiseconstruction.pdf
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https://www.parks.ca.gov/?page_id=584
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November 2020 Figure 20 
Hydrographs of Scenario B 

Groundwater Level Change at 
Specified Simulation Points
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November 2020 Figure 21 
Location of Measured Monitoring 

Wells Used for Superposition 
Analysis
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November 2020 Figure 22
Superposition Hydrographs of 

Scenario B onto Measured Water 
Levels at BVWSD Wells
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November 2020 Figure 23
Superposition Hydrographs of  

Scenario B onto Measured Water 
Levels at KWB and RRBWSD Wells
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November 2020 Figure 24 
Superposition Hydrographs of  

Scenario B onto Measured Water 
Levels at KWB Wells
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November 2020 Figure 25 
Superposition Hydrographs of  

Scenario B onto Measured Water 
Levels at Eastern RRBWSD Wells

29S/25E-27N2 - Comparison of Historical to Superimposed Model Results 
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November 2020 Figure 26
Superposition Hydrographs of  

Scenario B onto Measured Water 
Levels at WKWD and Pioneer
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November 2020 Figure 27 
Regional Monitoring Well 

(RMW) Locations
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November 2020 Figure 28
Average Annual Benefit of 

Proposed SGMA Projects and 
Management Actions

Source: Kern County Subbasin Coordination Agreement, 
Appendices 2 and 4, Figure 15
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November 2020 Figure 29
Cumulative Project Scenario 

Simulated Recharge and 
Recovery Operations

BV Palms Project 
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November 2020 Figure 30 
Cumulative Scenario 

Hydrographs of WKWD North 
Locations
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November 2020 Figure 31
Cumulative Scenario 

Hydrographs of Western 
RRBWSD  Locations
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November 2020 Figure 32
Cumulative Scenario 

Hydrographs in Vicinity of 
Recovery Project Site
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A. SUPERPOSITION MODELING APPROACH 

The model analysis described in this report uses the principle of superposition for simulating impacts to 
groundwater as a result of the Proposed Project.   

A.1 CONCEPTUAL UNDERSTANDING 

The principle of superposition, as applied to a ground-water system, means that the result of multiple 
stresses on an aquifer system is equal to the sum of the results of the individual stresses. A 
superposition modeling approach enables the Project-related changes to be calculated throughout the 
basin and superimposed upon the groundwater system so that the accumulated effects of the Project 
over time can be determined.  For a detailed discussion of the application of superposition to ground-
water problems, the reader is referred to Reilly et al. (1987).   

The purpose of the groundwater impacts analysis is to evaluate the change in groundwater levels as a 
result of the Proposed Project’s recharge and pumping. Figure A-1 provides a conceptual example of the 
anticipated effects of the Proposed Project that require analysis. When surface water is diverted to a 
recharge basin, a groundwater mound forms under the facility during operations resulting in higher 
groundwater levels (see top diagram, Figure A-1). The volume of groundwater in the aquifer 
represented by the relative change in groundwater levels is referred to as the change of groundwater in 
storage.  Similarly, groundwater recovery pumping would result in increased drawdown (i.e., lowering) 
of groundwater levels in a pattern that is greatest near the pumped well and diminishes with increasing 
distance.  

A.2 PRINCIPLE OF SUPERPOSITION  

The groundwater flow equation is derived from the fundamentals of groundwater hydraulics, including 
Darcy’s Law and the Law of Conservation of Mass (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze 
and Cherry, 1979; Bouwer, 1978).  This equation can be used to calculate the changes in groundwater 
levels resulting from the Project-related changes in recharge or pumping.  The Principle of 
Superposition, in general terms, states that the net change in groundwater levels due to the Proposed 
Project can be calculated independently from other pumping and recharge occurring in the basin. 
Furthermore, the net change in groundwater levels can be added to other groundwater level 
distributions to determine the combined effects on the groundwater system (Reilly et al., 1987; Bennett, 
1976) 

Mathematically, the Principle of Superposition within groundwater systems is based from the equation 
of groundwater flow derived on Darcy’s Law (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze and 
Cherry, 1979; Bouwer, 1978), which is provided below: 

𝑑𝑑
𝑑𝑑𝑑𝑑

�𝑇𝑇𝑇𝑇
𝑑𝑑ℎ
𝑑𝑑𝑥𝑥
� +  

𝑑𝑑
𝑑𝑑𝑑𝑑

�𝑇𝑇𝑇𝑇
𝑑𝑑ℎ
𝑑𝑑𝑑𝑑
� + 𝑊𝑊 = 𝑆𝑆

𝑑𝑑ℎ
𝑑𝑑𝑑𝑑

                                                                   (1) 

where  h = groundwater level or head 
T = transmissivity 

 W = water sink or source term representing the water balance 
 S = Storage Coefficient 
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This differential equation is linear in terms of the groundwater head (h) – that is, anywhere that h 
appears in this equation, it is only to a single power; for example, it is not squared or cubed. Because the 
equation is linear in h, any number of equations – representing, for example, multiple different stresses 
on the groundwater system - can be summed to provide the total change to the system resulting from 
all of the individual stresses. Furthermore, the right-hand side of the equation shows that the change in 
head (dh) is a function of time (dt). This indicates that Equation 1 can be used to superimpose the effect 
of the changes in multiple, transient (i.e., time-varying) stresses to determine the accumulated impact of 
these stresses on groundwater levels over time.  This means that calculated changes in groundwater 
levels associated with an action (such as the Proposed Project) can be added to other groundwater level 
distributions to determine the combined effects on the groundwater system (Reilly et al., 1987; Bennett, 
1976).  

Figure A-2 provides an example of the application of the Principle of Superposition. The example shows 
the effects of pumping from two different wells on groundwater levels measured at a single monitoring 
location. The pumping rates are different, and the timing of the pumping varies (top and middle panels 
on Figure A-2). The drawdown associated with each well can be calculated independently and then 
added together. The bottom panel depicts the total, accumulated effect of the pumping at both wells on 
the water levels measured at the single monitoring location when the two independent calculations are 
superimposed to provide the combined drawdown.   

A.3 GENERAL METHODOLOGY 

The development of a superposition model is typically based on modification of an existing, calibrated, 
historical groundwater model. The advantage of this approach is that the superposition model 
incorporates the aquifer basin structure, hydrostratigraphy and parameter values determined through 
calibration of the pre-existing model. The general methodology requires that the initial simulated 
groundwater level for the aquifer and all model boundaries be set equal to zero, making all initial fluxes 
in the model also equal to zero. A detailed discussion of the application of superposition to groundwater 
hydraulics is provided by Reilly et al. (1987). The conversion of an existing groundwater model to a 
superposition model requires some modification. The general process for setting up a superposition 
model includes: 

• The model layer top and bottom elevations are recalculated relative to the initial groundwater 
elevations to provide a saturated thickness that preserves the hydrogeology of the aquifer 
system. 

• All boundary conditions not associated with the Project are removed. 

• All head-dependent boundary conditions representing subsurface flow, such as constant head 
boundaries, are set to an elevation of zero.   

• Elevations of natural features included in the model, such as streambed elevations, are also 
recalculated relative to the initial groundwater elevations. 

• All aquifer properties, including hydraulic conductivities, transmissivities and aquifer storage 
from the existing groundwater model are maintained and remain fixed for the analysis. 

As a result, the superposition modeling approach  incorporates detailed information about the 
hydrostratigraphy and distributions of stresses throughout the basin-wide groundwater system, yet it is 
relatively simple to use. The use of a superposition modeling approach thus enables the groundwater 
impacts analysis to assess the effects of the Project on the groundwater system in isolation from other 
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acting stresses (e.g., pumping, recharge, etc.) without having to obtain data of non-project related 
stresses. Using a superposition model, calculation of groundwater impacts is inherently precise 
because flow quantities other than Project-related components are set to zero (Leake, 2011). Thus, 
use of the superposition modeling technique allows for the formulation of the Proposed Project 
scenarios, and simulation of Proposed Project-related changes directly, in a manner that incorporates all 
of the details of the Proposed Project while mitigating the need to collect non-project related data that 
may not be obtainable.  

A.4 APPLICATION OF SUPERPOSITION MODELS 

A superposition modeling approach was selected as the most suitable method to support the 
groundwater impacts analysis. The superposition approach enables Project-related changes to be 
calculated throughout the basin and superimposed upon the groundwater system so that the 
accumulated effects of the Project over time can be determined. 

A.4.1 Superposition Model Results 

When the Principle of Superposition is used in groundwater modeling, the model results are presented 
in terms of change in groundwater levels rather than in absolute values of groundwater elevations. 
Therefore, the model results provide the relative change in groundwater levels due to the Proposed 
Project; in other words, a superposition model directly calculates the groundwater level impacts from 
the Proposed Project. By applying the Principle of Superposition, the relative change in groundwater 
levels can be added (superimposed) to measured or simulated groundwater elevations to determine a 
predicted groundwater elevation associated with Project impacts.   

The water balance derived from a superposition model represents the change in the groundwater flux as 
a result of the simulated changes. Therefore, a positive flux may represent an increase in inflow or a 
decrease in outflow as a result of the Proposed Project. Likewise, a negative flux may represent an 
increase in outflow or a decrease in inflow as a result of the Proposed Project. 

A.4.2 Assessment of Non-Linearities  

The Principle of Superposition is derived for systems in which the change in groundwater is a linear 
function of the change in stresses. In natural settings, however, changes in a groundwater system may 
occur in a nonlinear manner. Nonlinearities are not uncommon in practice: indeed Reilly et al. (1987) 
noted that superposition models are commonly applied without significant modifications to simulate 
mildly nonlinear systems as long as the effects of the nonlinearity are small relative to the dimensions of 
the aquifer system. Methods for handling more complex nonlinearities have been advanced by Reilly 
and Harbaugh (2004), Durbin et al. (2008), Leake (2011), Takahashi and Peralta (1995), among others, 
who summarize practices to address complex nonlinearities in superposition models.  Nonetheless, it is 
always best-practice to evaluate the likely degree and significance of any nonlinearities on a project-
specific basis (Reilly et al., 1987; Reilly and Harbaugh, 2004; Morrison, 2006).  

Following standard practice, the effects of nonlinearity are within an acceptable range that allow for use 
of the Superposition Model as a quantitative tool to support the groundwater impacts analysis (Reilly et 
al., 1987; Reilly and Harbaugh, 2004; Durbin et al., 2008; Morrison, 2006; Leake, 2011). 
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A.5 RELATED APPLICATIONS OF SUPERPOSITION MODELS 

The Principle of Superposition is routinely applied in the solution of both analytical and numerical 
groundwater flow problems (Reilly et al., 1987). In contrast to a model that attempts to describe and 
predict each and every basin-wide stress – many of which may not be readily quantifiable – the 
superposition technique has the benefit that it focuses on calculating the water level changes that result 
from the specific stresses of interest and superimposing those upon the basin-wide system. Major 
advantages of the superposition technique are summarized by Reilly et al. (1987) as follows. 

• The effects of a specified stress (i.e., groundwater pumping, managed recharge) on the system 
can be evaluated even if other stresses are unknown. 

• The effects of a change in stress on the system can be evaluated even if the initial conditions are 
unknown. 

• The effect of one stress on the system can be isolated from the effects of all other stresses on 
the system. 

The superposition model approach has been applied for other comparable projects. Table A-1 provides 
a representative list of reports documenting the use of a superposition models that are publicly 
available using an internet search. The superposition approach is a standard, well-established method 
that has been accepted for evaluating groundwater impacts, supporting groundwater management, and 
providing regulatory compliance. The use of superposition models has been increasing in recent years 
with several applications for complex projects, especially in western United States.   



Groundwater Model Report   
BVWSD Palms GW Bank A-6 TODD GROUNDWATER 

Table A-1 Representative Reference List of Superposition Model Applications 

Citation Location Purpose of Model Review Agency 

Pollyea, 2019 Oklahoma Long-range fluid pressure caused by oilfield 
wastewater disposal USGS, Virginia Tech 

Gailey, Fogg, et al., 
2019 California Central Valley On-farm groundwater recharge with surface 

water releases UC Davis 

Peeters et al., 2018 Gloucester Basin, Australia Environmental impact assessment of coal 
development 

Australian Dept Enviro 
and Energy 

Todd GW, 2017 Kern County, California Groundwater impacts analysis, Kern River Water 
Allocation Plan Local Water Agencies 

Fio et al., 2016 Upper Salinas Valley, 
California Long-term water resources management plan Monterey County 

WRA 

Leake, et al., 2013 Parker-Palo Verde-Cibola, 
Arizona and California 

Effects of groundwater withdrawals on 
Adjudicated Colorado River flow depletion  

USGS, US Bureau of 
Reclamation 

Riesterer et al., 
2013 Pahrump Valley, Nevada Groundwater impacts analysis, Hidden Hills Solar 

Energy Generating System 
Nye County Water 
District 

CH2MHill, 2010 Hanford Site, Washington optimization of a large groundwater remedy at 
the 200-ZP-1 OU 

US Department of 
Energy 

Barroll, 2006, 2012 Taos Valley, New Mexico Water rights administration under the 2006 Taos 
Adjudication Settlement 

New Mexico State 
Engineer  

Sukow, 2012 Eastern Snake Plain, Idaho Support development of a Comprehensive 
Aquifer Management Plan 

Idaho Dept. of Water 
Resources 

Leonard Rice 
Engineers, 2012 

Denver-Julesburg Basin, 
Colorado 

Compliance with Colorado Ground Water Rules of 
discharge to streams 

Colorado Div. of 
Water Resources 

Leake, et al., 2008 Colorado River Valley from 
Lake Mead to Yuma 

Assessment of possible depletion of water in the 
Colorado River by pumping wells USGS 

Leake, et al., 2008 Lower Colorado River Valley 
Effects of pumping on Adjudicated Colorado River 
flow depletion (US Supreme Court, 2006) 

USGS, US Bureau of 
Reclamation 

Kendy and 
Bredehoeft, 2006 Gallatin Valley, Montana Groundwater impacts analysis of irrigation 

pumping on streamflow 
Gallatin Conservation 
Dist. 

Wylie, 2005 Eastern Snake Plain, Idaho Resolution of conflicts among water users and in 
future water administration 

Idaho Depart. of 
Water Resources 

Larson, et al., 2005 Roswell Underground Water 
Basin, New Mexico 

Evaluate impacts associated with proposed 
changes in pumping patterns  

New Mexico State 
Engineer  

Bergeron and 
Freeman, 2005 Hanford Site, Washington Estimate concentrations in groundwater for a 

specific constituent inventory  US EPA 

Leake et al., 2005 Little Colorado River Area, 
Arizona 

Effects of groundwater withdrawals on stream 
flow depletion USGS 

CH2MHill, 2004 Sacramento Valley, 
California  

Groundwater impacts analysis, Sacramento River 
Settlement Contracts 

US Bureau of 
Reclamation 

Roark, 2001 Santa Fe Group Aquifer 
System, New Mexico 

Surface water/groundwater interactions of Rio 
Grande River with aquifer system City of Albuquerque 

McAda, 2001 Rio Grande Valley, New 
Mexico 

Induced infiltration from the Rio Grande surface-
water system from pumping City of Albuquerque 

Hubbell et al., 1997 Eastern Snake Plain, Idaho Demonstration of increased efficiency of 
groundwater flow modeling 

Idaho Dept. of Water 
Resources 

Bradner, 1996 Upper Floridan Aquifer, 
Orange County, Florida 

Impacts from redistribution of recharge from 
drainage on groundwater levels  

USGS, County 
Stormwater Dept. 

Takahashi and 
Peralta, 1995 

East Shore Area of the Great 
Salt Lake, Utah 

Optimization of perennial groundwater yield 
planning Utah State University 

Focazio and 
Speiran, 1993 

Coastal Plain Aquifer, 
southeastern Virginia 

Estimate groundwater-level declines from 
episodic pumping from six well fields  

Hampton Roads 
Planning Comm. 

Prince and 
Schneider, 1989 Glacial aquifers, New York Refine aquifer properties by simulating field 

conditions of pumping tests  USGS 
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June 2020 Figure A-2 
USGS Example of 

Principle of 
Superposition

Pumping Water Levels

Original

Change

Result

Superposition of well solutions: A, Initial pumpage starting at t1, and its resulting drawdown, s2 , at t2
B, Change in pumpage from the initial rate starting at t1 and its resulting drawdown, s2 , at t2
C, Total pumpage starting at initial rate and increasing at t1, and its resulting drawdown, s1 + +s2, as
obtained by superposition.

Source: Figure 6 from Reilly, Franke and Bennett, 1987, The Principle of Superposition and Its Application in
Ground-Water Hydraulics, U.S. Geological Survey, Techniques of Water-Resources Investigations, Book 3, Chapter B6 
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B. SUPERPOSITION MODEL SETUP 

The Superposition Model used for the BVWSD Recovery Project was previously developed and used for  
the Supplemental Environmental Impact Report (SEIR) for the Kern River Water Allocation Plan for Kern 
Delta Water District (KDWD).  The Draft SEIR was completed in 2017 (ESA, 2017) and the groundwater 
modeling was described in the Groundwater Impacts Assessment Report (Todd Groundwater, 2017) 
which is an appendix to the SEIR.  A summary of the USGS Central Valley Hydrologic Model (CVHM) and 
the process used to develop the KDWD Superposition Model from CVHM is discussed below.  In applying 
the model to BVWSD some additional modifications were made to the Superposition Model based on 
local data and model requirements.  These are listed at the end of this section.   

B.1 SUPERPOSITION MODEL BACKGROUND 
Following the general methodology for applying the Principle of Superposition to groundwater modeling 
(Reilly et al., 1986), the Superposition Model was developed from the existing, previously calibrated, 
USGS CVHM (Faunt, 2009), referred to here as the Base Model.  CVHM is a three-dimensional computer 
model developed by the USGS to simulate surface water and groundwater flow across the entire Central 
Valley (Faunt, 2009). The geologic framework and aquifer properties of CVHM are based on a 
comprehensive geologic analysis (USGS Sediment Texture Analysis) that provides a regionally consistent 
evaluation of aquifer properties based on the analysis of local well logs (Faunt et al., 2009).  

B.1.1 Central Valley Hydrologic Model (CVHM) Overview 

 CVHM simultaneously accounts for changing water supply and demand across the landscape and 
simulates surface water and groundwater flow across the entire Central Valley (Faunt et al., 2009). 
CVHM is designed to simulate water usage in the Central Valley on a regional scale. 

CVHM uses a uniform grid spacing of one square mile that is oriented parallel to the valley axis, about 
34 degrees west of north. In order to adequately represent the growing season, the annual hydrologic 
cycle in CVHM is divided into 12 monthly stress periods.    

CVHM simulates the Central Valley Aquifer by subdividing the subsurface into 10 layers (Figure B-1). The 
top layer (Layer 1) represents the land surface. Model Layers 2 and 3 represent the shallow aquifer.  
Model Layers 4 and 5 represent the Corcoran Clay Member of the Tulare Formation, or its equivalent, 
where present.  Model Layers 6 through 10 represent the deeper aquifers.   

For the CVHM, the bottom of the model was specified on the basis of well-completion records to 
incorporate the vertical intervals of the aquifer system being stressed by pumpage. The model bottom 
extends to 1,800 feet below land surface, and where the Corcoran Clay is present, to 1,500 feet below 
the Corcoran Clay (Figure B-1). For the most part, saline water is deeper than the model bottom (Faunt 
et al., 2009). 

CVHM has a recognized deficiency in accurately representing the recharge volumes from the numerous 
groundwater banking operations in Kern County in the model (Faunt, 2009); this deficiency - rather than 
model structure and parameterization - is considered to be the primary factor impacting the CVHM 
calibration in Kern County. Since these water budget terms are not used in the Superposition Model, this 
deficiency is not considered to appreciably affect the use of the CVHM as the Base Model. Therefore, 
CVHM is considered the best model available to serve as the Base Model for the Superposition Model. 
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B.1.2 USGS Sediment Texture Analysis Overview 

The USGS Sediment Texture Analysis was used to develop aquifer properties for the CVHM and 
subsequently used to develop the Superposition Model. The USGS conducted the Sediment Texture 
Analysis by compiling and describing lithology for approximately 8,500 driller’s logs to better define 
aquifer properties for the heterogeneous valley-fill deposits of the Central Valley aquifer system (Faunt 
et al., 2009). The geologic descriptions on each log were classified using a discrete binary texture 
classification of either “coarse-grained” or “fine-grained” similar to those originally defined by Page 
(1986). The coarse-grained sediment texture is defined as consisting of sand, gravel, pebbles, boulders, 
cobbles, or conglomerate. Fine-grained sediment texture is defined as consisting principally of clay, lime, 
loam, mud, or silt. The basis for calculating aquifer properties from texture data is based on the spatial 
correlation between saturated hydraulic conductivity1 and pore-size distributions in geologic media 
(Faunt et al., 2009). 

The spatial distribution of the sediment texture, both horizontally and vertically, was developed by 
applying a geostatistical analysis. For this analysis, the percentage of coarse-grained sediment texture 
was computed for each 50-foot depth interval. The utilization of the percentage of coarse-grained 
deposits, or texture, was based on a methodology developed in earlier works by Page (1986) and Burow 
et al. (2004). The geostatistical analysis applied a three-dimensional kriging technique to map the 
percentage of coarse-grained deposits onto a one-mile spatial grid at 50-foot depth intervals from land 
surface down to 3,000 feet below land surface across the Central Valley (Faunt et al., 2009).  

The results of the USGS Sediment Texture Analysis show substantial heterogeneity and systematic 
variation in the texture of the sediments in the Central Valley that reflect the observed regional, spatial, 
and vertical heterogeneity in the aquifer system. These characteristics were correlated to known 
sediment source areas, independently mapped geomorphic provinces, and factors affecting the 
development of alluvial fans (Faunt et al., 2009). In the San Joaquin Valley, especially on the eastern 
side, the areas of coarse-grained texture are more widespread than the areas of fine-grained texture 
and occur along the major rivers. In the southern part of the San Joaquin Valley, the alluvial fans derived 
from the Sierra Nevada are much coarser grained than the alluvial fans to the north. In contrast to the 
eastern San Joaquin Valley, the western San Joaquin Valley generally is finer-grained and is underlain by 
the Corcoran Clay Member of the Tulare Formation. These finer textures reflect the source material 
consisting of shales and marine deposits from the Coast Range. These rocks generally yield finer-grained 
sediments than the granitic parent rocks that make up the alluvial fans on the eastern side of the valley 
(Faunt et al., 2009).  

USGS used the Sediment Texture Analysis as the geologic basis for determining aquifer properties for 
the 10-layer CVHM (Figure B-1). The layering for CVHM matches that used for the USGS Sediment 
Texture Analysis; therefore, the aquifer properties derived from USGS Sediment Texture Analysis were 
incorporated into CVHM (Faunt et al., 2009; Faunt, 2009).  The aquifer properties were updated during 
calibration, and the final parameters used are documented in USGS publications (Faunt et al., 2009). The 
method for developing the aquifer properties from the USGS Sediment Texture Analysis is described 
more fully in the CVHM model documentation (Faunt et al., 2009). In summary, the assumptions used to 
develop the aquifer properties for CVHM include: 

• The horizontal hydraulic conductivity is calculated as the weighted arithmetic mean of the 
percentage of coarse- and fine-grained sediments defined by the sediment texture analysis 
multiplied by the assigned hydraulic conductivities for each texture. For the San Joaquin Valley, 

 
1 Hydraulic conductivity (K) is a coefficient of proportionality that describes the rate at which water can move 
through a permeable medium.  
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the coarse-grained hydraulic conductivity is 2.4×10–1 feet per day, and fine-grained hydraulic 
conductivity is 3.3×10+3 feet per day. 

• Vertical hydraulic conductivity between layers is calculated as a weighted power mean of the 
percentage of coarse- and fine-grained sediment textures between the midpoints of adjacent 
50-foot layers multiplied by the assigned hydraulic conductivities for each texture.   

• Specific yield was calculated using a linear relation based on the percentage of coarse-grained 
deposits. Where there were no coarse-grained deposits, the specific yield was 0.09. Where the 
deposits are all coarse-grained, the specific yield was 0.40. The median and average values are 
0.23 and 0.24, respectively, well within previously estimated values of specific yield (Faunt et al., 
2009). 

• The specific storage is calculated by calculating the weighted arithmetic mean of the percentage 
of coarse- and fine-grained sediments multiplied by the assigned porosity for each texture. This 
value is then multiplied by the compressibility of water (1.4×10-6 per foot) to determine the 
specific storage. 

This method for estimating aquifer properties using the USGS Sediment Texture Analysis approach has 
been applied successfully in previous groundwater-flow models in the San Joaquin Valley (Phillips and 
Belitz, 1991; Belitz et al, 1993; Burow et al., 2004; Phillips et al., 2007). The value of using the CVHM 
aquifer properties derived from the USGS Sediment Texture Analysis in the Superposition Model is that 
the aquifer properties are derived from a comprehensive regional analysis based on a consistent set of 
geologic data and developed by technically-credible methods.   

B.2 SUPERPOSITION MODEL SETUP 
The Superposition Model is derived from the CVHM, which covers the entire Central Valley.  The CVHM 
was developed using the MODFLOW One-Water Hydrologic Flow Model (OWHM), which utilizes the 
MODFLOW-2005 Farm Process Package (FMP2) (Schmid and Hanson, 2009).  The Superposition Model 
does not use FMP2, so the Superposition Model is setup to run in MODFLOW 2005 with the 
Groundwater Vistas version 6 MODFLOW interface.  Length units in the Superposition Model were 
converted from meters, used in the CVHM, to feet for convenience of analysis. 

B.2.1 Model Setup 

The Superposition Model covers all of the Study Area as well as areas outside the Study Area. The 
eastern, southern and western boundaries are extended to natural basin boundaries where the alluvial 
sediments terminate against bedrock units. The northern boundary extends into portions of Kings and 
Tulare counties (Figure B-2).  The final selection of the northern boundary was determined through an 
iterative process of evaluating initial model results so that the boundary was sufficiently far from 
Project-related actions to have minimal effect on the analysis of groundwater impacts (Todd 
Groundwater, 2017).  

The Superposition Model was setup to run in MODFLOW 2005 using the model data processor 
Groundwater Vistas version 6 MODFLOW interface (ESI, 2011). Model grid dimensions, aquifer 
properties, and boundaries for the Superposition Model were derived directly from the CVHM (Faunt et 
al., 2009). For the conversion of the CVHM to the Superposition Model, the following changes were 
made: 

• Length units, including all model dimensions and aquifer properties, used in the model were 
converted from meters used in the CVHM to feet for convenience for analysis.   
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• The model grid spacing was refined by a factor of four (4), from 5,280 feet to 1,320 feet, to 
improve the spatial resolution of the simulated groundwater level changes related to the 
Proposed Project. This results in a 16-fold increase in grid spacing compared to CVHM, with each 
new model cell 40 acres in size. This grid spacing increases the resolution for assessing 
drawdown and mounding during the model simulations.  

B.2.2  Model Domain 

The CVHM (Faunt, 2009) simulates groundwater flow over the entire Central Valley.  For the 
Superposition Model, the model domain needed to cover the Study Area and sufficient areas beyond 
the Study Area so that boundary effects did not influence simulation results. For the western, southern 
and eastern boundaries of the Superposition Model , the model domain could be extended to the 
natural boundary of the Central Valley Aquifer that represents the transition from the alluvial sediments 
in the Central Valley to the bedrock units of the surrounding Coast Range, Tehachapi Mountains and 
Sierra Nevada.  Using the natural boundaries is preferable because the model can simulate the natural 
boundary effects associated with the margin of the groundwater basin.  

To the north and northwest, the CVHM extends hundreds of miles beyond the Study Area.  To reduce 
the computational overhead of simulating areas unnecessary for this analysis, a standard modeling 
technique was applied for defining a constant head boundary at a distance sufficiently distant from the 
Study Area so that the constant head boundary would not influence groundwater simulations in the 
Study Area.  Using the MODFLOW processor Groundwater Vistas (Version 6) (ESI, 2011), the Telescopic 
Mesh Refinement (TMR) feature was used to setup a more refined model within a subregion of the 
larger-scale model. The northern boundary of the Superposition Model was selected as shown on 
Figure B-2. 

Using the TMR process, the model grid spacing was changed from 5,280 feet to 1,320 feet, reducing  
each model cell to 40 acres in size.  This grid spacing increases the resolution for assessing drawdown 
and mounding during the Superposition Model simulations. 

B.2.3 Model Layering 

The CVHM characterizes the Central Valley aquifers with ten model layers (Figure B-1). Given the 
prevailing hydrostratigraphy within the Project Area and the objectives of the impact analysis, these ten 
layers were grouped together within the Superposition Model to form four model layers as follows to 
simplify the analysis and presentation of model results:  

• Superposition Model Layer 1 groups together CVHM model layers 1, 2 and 3 to simulate the 
Shallow Aquifer above the local regional confining layers in Kern County.   

• Superposition Model Layer 2 groups together CVHM model layers 4 and 5 to simulate an interval 
with increased clay layers, including the E-clay member of the Tulare Formation, the 300-foot 
clay, or the local equivalent, that locally can form an aquitard limiting vertical flow.  

• Superposition Model Layer 3 groups together CVHM model layers 6 and 7 to simulate the main 
production zone for the Deep Aquifer in Kern County.  

• Superposition Model Layer 4 groups together CVHM model layers 8, 9 and 10 to simulate the 
lower portions of the Deep Aquifer in Kern County that is generally below the primary 
production zone.  

Following the process outlined by Reilly et al. (1987), Model Layer 1 was defined as the top of the 
groundwater surface: its initial value was set to zero so that calculations made with the model would 
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directly represent the change from the initial condition, consistent with the use of superposition 
methods. The thickness of the model layers represents the saturated thickness below the top of the 
groundwater surface.  

The upper surface of the Superposition Model was defined as the water table prior to January 1997.  
The CVHM simulation results for December 1996 groundwater elevations were used to define the top of 
Model Layer 1.  Areas along the margin of the groundwater basin where the 1997 water table was below 
the bottom of a Superposition Model layer were considered to be unsaturated and were converted to 
No Flow cells in the Superposition Model.   

Also, following the process outlined by Reilly et al. (1987), the top surface of the Superposition Model 
was set to have a zero groundwater elevation.  Therefore, the bottom elevations of the Superposition 
Model layers represent the saturated aquifer thicknesses as of December 1996.  A spreadsheet process 
was used to calculate the depth of the appropriate CVHM model layer elevation below the upper 
surface of the Superposition Model.   

B.2.4 Aquifer Properties 

A key criterion of selecting CVHM as the Base Model was to take advantage of the comprehensive USGS 
Sediment Texture Analysis (Faunt et al., 2009) to develop the spatial distribution of aquifer properties. 
Accordingly, final aquifer properties were extracted from the CVHM and applied to the Superposition 
Model in a manner to preserve the hydraulic characteristics.   

This step required that the aquifer properties from the 10-layer CVHM model be composited and 
mapped to the 4-layer Superposition Model  using standard procedures for calculating the equivalent 
property values in a layered aquifer system (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze and 
Cherry, 1979; Bouwer, 1978). The key aquifer properties extracted from CVHM include: 

• Horizontal Hydraulic Conductivity (KH) assumes groundwater flow is generally parallel to the 
geologic layering; therefore, the equivalent KH was calculated using a thickness-weighted 
average following the above referenced standard procedures. As a result, the equivalent KH was 
determined mainly by the layers with the highest KH values. 

• Vertical Hydraulic Conductivity (KZ) assumes groundwater flow is generally perpendicular to the 
geologic layering; therefore, the equivalent KZ was calculated using a harmonic mean following 
the above referenced standard procedures. As a result, the hydraulic resistances of the layers 
are additive, so that the equivalent KZ was mainly determined by the layers with the lowest KZ 
values. 

• Specific Storage (SS) assumes that the porosity remains nearly constant, therefore, the 
equivalent specific storage was calculated using a thickness-weighted average following the 
above referenced standard procedures. 

For the Superposition Model, the aquifer properties of hydraulic conductivity and aquifer storage are 
derived directly from the CVHM. A key part of using CVHM is to take advantage of the USGS Sediment 
Texture Analysis (Faunt et al., 2009) used to develop the spatial distribution of aquifer properties from a 
comprehensive analysis of geologic data from well logs.  The final aquifer properties used for the CVHM 
were extracted and applied to the Superposition Model in a manner to preserve the hydraulic 
characteristics.  These aquifer properties include: 

• Horizontal Hydraulic Conductivity (Kh)  
• Vertical Hydraulic Conductivity (Kz) 
• Specific Storage (Ss) 
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To correlate the aquifer properties from multiple CVHM model layers to the Superposition Model model 
layers, standard techniques were applied for calculating aquifer properties in layered aquifer systems.  
For determining the equivalent Kh for a layered aquifer, a weighted average based on layer thickness 
was applied (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze and Cherry, 1979; Bouwer, 1978) 
using the following equation:   

Kh = �
𝐾𝐾i  𝑑𝑑i

𝑑𝑑
                                                                                                    (𝐵𝐵1) 

where Kh = horizontal hydraulic conductivity of the multilayer system 
 Ki = horizontal hydraulic conductivity of an individual layer within the multilayer system 
 di = thickness of an individual layer within the multilayer system 
 d = thickness of the entire multilayer system. 
 

Equation B1 states that the Kh of the multilayer system is equal to the sum of the product of the Kh times 
the percentage thickness of the layer to the total thickness of the multilayer system.  In other words, the 
contribution of each layer to the composite Kh is the proportional to its thickness relative to the total 
thickness.  This same process can also be used for calculating the composite values for the storage 
properties of Sy and Ss.   

Kz requires use of a different equation.  For determining the equivalent Kz for a layered aquifer, a 
harmonic mean is applied (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze and Cherry, 1979; 
Bouwer, 1978) using the following equation: 

𝐾𝐾z =
𝑑𝑑

∑𝑑𝑑i 𝐾𝐾i
�

                                                                                                    (𝐵𝐵2) 

where Kz = vertical hydraulic conductivity of the multilayer system 
 Ki = vertical hydraulic conductivity of an individual layer within the multilayer system 
 di = thickness of an individual layer within the multilayer system 
 d = thickness of the entire multilayer system. 
 

For the vertical groundwater flow, Equation B2 calculates Kz as the total thickness of the multilayer 
system divided by the summation of the layer thickness divided by the Ki of the individual layer.  In this 
manner, the Kz calculated by Equation B2 is controlled by the most resistive layer to groundwater flow.  
In physical terms, a single continuous clay layer can strongly limit vertical groundwater flow and form a 
confining layer.  Therefore, a single clay layer has a strong influence on determining the Kz.  A high Kz 
would require a continuous vertical sequence of permeable sediments without intervening clay layers.   

The equivalent aquifer properties were calculated for each model layer following the referenced 
standard procedures (Todd and Mays, 2004; Bear and Verruijt, 1987; Freeze and Cherry, 1979; Bouwer, 
1978). The calculation was performed for the center point of each CVHM grid. A natural neighbor 
interpolation method was applied to distribute the aquifer properties from CVHM to the refined 
Superposition Model grid to preserve the CVHM aquifer properties. In CVHM, the aquifer properties 
from the USGS Sediment Texture Analysis were input into the MODFLOW Layer Property Flow Package 
and then modified using the MODFLOW Multiplier File, which applies multiplier arrays to modify aquifer 
properties during calibration.  Therefore, the final aquifer properties were derived from the output files 
rather than the input files.   
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The aquifer properties and thicknesses from the appropriate CVHM model layers were tabulated, and 
the calculation for each aquifer property was done on a cell-by-cell basis. The thicknesses were 
calculated relative to the December 1996 groundwater surface to represent the saturated thickness. 
Only those portions of the aquifer below the December 1996 groundwater surface were included in the 
calculation.  The average value for each of the primary aquifer properties by model layer used in the 
original Superposition Model based on the original CVHM values is listed in Table B-1.   

 

Table B-1 Spatial Average of Aquifer Properties Derived from Original CVHM 

Aquifer Property Model 
Layer 1 

Model 
Layer 2 

Model 
Layer 3 

Model 
Layer 4 

Saturated Thickness (ft) 267 31 334 1,050 
Horizontal Hydraulic Conductivity (ft/d) 180 0.8 56 33 
Vertical Hydraulic Conductivity (ft/d) 0.20 0.0006 0.046 0.01 
Specific Storage (1/ft) 3.4 x 10-04 2.8 x 10-07 3.7 x 10-07 3.6 x 10-07 

 

B.2.5 Boundary Conditions 

For the conversion of CVHM to the Superposition Model, “background” boundary conditions (i.e., 
inflows and outflows not associated with the Proposed Project) were removed (as per Reilly et al., 
1987). This step is consistent with the principle of superposition in that the result of multiple stresses on 
an aquifer system is equal to the sum of the results of the individual stresses.  Therefore, the boundary 
conditions for recharge, evapotranspiration, pumping wells, and farm processes present in the CVHM 
were not included in the Superposition Model since these parameters do not change as a result of the 
Proposed Project. 

The superposition methodology requires that most of the existing CVHM boundary conditions be either 
removed from the simulation, set to an initial value of zero (representing no change at the beginning of 
the calculations) or otherwise modified such that the Proposed Project changes that are to be 
superimposed on the system are the only deterministic stresses that are placed upon the model. The 
exceptions are natural boundaries that may influence Project conditions. The boundary conditions used 
in the Superposition Model include the following: 

• The constant head boundary placed along the northern model boundary represents the 
interaction with the Central Valley Aquifer to the north (Figure B-2). The constant head 
boundary was set to an elevation of zero, consistent with the superposition methodology.   

• Streams, including the Kern, White and Tule rivers were converted from the Streamflow Routing 
Package to the Drain Package. The Drain Package allows groundwater to exit to the surface if 
groundwater levels rise to the level of the streambed but does not allow for induced recharge 
from the streams to the aquifer. Since changes to stream recharge from the Proposed Project 
are simulated using the MODFLOW Recharge Package, the use of a passive drain provides a 
means to allow groundwater discharge to the simulated rivers. The streambed elevations were 
modified to represent the relative height of the streambed above the top of the initial 
groundwater surface following the superposition methodology (Reilly et al., 1987).  

• Geologic faults in the CVHM were remapped onto the finer grid of the Superposition Model, and 
the same aquifer properties were applied to the faults as in the original model.  
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• Initial conditions were taken directly from the CVHM simulation results for December 1996 to 
accommodate the initial month of the Study Period (January 1997).  

Boundary conditions for remaining boundaries included in the CVHM (e.g., recharge, 
evapotranspiration, pumping wells, and farm processes) were removed from the Superposition Model. 
The assumption is that these conditions will remain the same during the Proposed Project; therefore, 
following the Principle of Superposition (Reilly et al., 1987), the Superposition Model does not include 
them in the simulation. Boundary conditions representing faults in the CVHM were remapped onto the 
finer grid of the Superposition Model.  The same aquifer properties were used to define the fault flow 
properties.  As noted above, a constant head boundary was placed at the northern boundary of the 
Superposition Model to simulate interactions of subsurface groundwater flow in the Central Valley 
outside of the Superposition Model.   

Streams were simulated using the Streamflow Routing (SFR) Package in CVHM.  In the Superposition 
Model domain, the CVHM simulated the Kern, White and Tule rivers.  These rivers are generally situated 
above the top of the groundwater surface except at their westernmost extent; however, these rivers 
typically are not flowing across the valley.  Therefore, the rivers were converted to the MODFLOW drain 
package.  The drain package allows groundwater to exit from the aquifer to the streambed but does not 
allow for induced recharge from the streams to the aquifer.  This is considered a realistic representation 
of actual river conditions across the valley and provides a conservative assessment of impacts to 
groundwater elevations.  Following the process outlined by Reilly et al. (1987), the elevations of the 
drain package were modified to represent the vertical distance between the bottom of the riverbed and 
the top of the Superposition Model.     

B.3 MODIFICATIONS FOR BVWSD PALMS MODEL 
The Superposition Model was further modified to accommodate the requirements for simulating the 
Recovery Project (Figure B-3).  The following describes the changes that were made. 

For the Recovery Project the model grid in the vicinity of the Recovery Project was reduced 6-fold 
relative to the previous Superposition Model used for the KDWD SEIR (Todd Groundwater, 2017).  The 
purpose of this change was to provide sufficient grid density, or calculation points, to define the 
drawdown from the combined Recovery Project wellfield.  The grid size over the Palms Site was reduced 
from 1,320 feet to 220 feet (Figure B-4).  As shown on Figure B-4, the model grid was reduced in three 
stages from the areas with a 1,320-foot grid spacing to areas with 220-foot grid spacing.  This represents 
a 24-fold increase in grid density compared to the original 5,280-foot grid spacing in the original CVHM 
(Faunt et al., 2009) version of the model.  The purpose of this was to make the transition more gradual 
so as not to introduce model instability or unnecessarily long run times.   

The Elk Hills are an area where older sedimentary rocks crop out at the surface.  These older 
sedimentary rocks correlate to strata that occur significantly deeper below the Recovery Project site.  
Because of the original coarse grid size in the CVHM, the delineation of the Elk Hills was not highly 
accurate. However, for simulating the Recovery Project, this boundary needed a higher degree of 
accuracy.  The area of inactive model cells in Model Layer 1 was remapped to match the change in 
topographic slope noted on satellite images of the Recovery Project area.  The current boundary with 
the Elk Hills is shown in Figure B-4.   

Based on the validation to the WKWD data set (see Attachment C), the horizontal and vertical hydraulic 
conductivity in Model Layer 1 was reduced by 80 percent over the western portion of Kern County 
essentially to the west of Interstate 5 (Figure B-5).  The specific storage was increased by 34 percent 
over the same area.  The basis for this change to the aquifer parameters is twofold.  First, a similar type 



Groundwater Model Report   
BVWSD Palms GW Bank B-10 TODD GROUNDWATER 

of modification was made in the development of CVHM specific areas and layers to improve the model 
calibration (Faunt et al., 2009).  This provided a mechanism to correct the texture model (Faunt, 2009) 
calculations which were limited due to a lack of data in the western areas of the Central Valley.  Several 
similar examples of this type of approach was used in areas north of Kern County (Faunt et al., 2009).  
Second, it is assumed that a lack of calibration data in western Kern County was due to poor water 
quality limiting the number of wells.  Therefore, the change in the Model Layer 1 horizontal hydraulic 
conductivity to better match drawdowns at the WKWD facility is warranted.  Additional discussion of the 
validation scenarios used as the basis for making these modifications to the aquifer properties is 
provided in Attachment C. 
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C. RECOVERY PROJECT MODEL VALIDATION 

A validation analysis was performed for the Superposition Model by comparing simulations results to 
field measured groundwater level data and comparing those to a similar set of residuals from the 
Superposition Model.  The validation analysis assesses of the relative uncertainty of the Superposition 
Model results for simulating observed changes in groundwater levels. The section documents the results 
of model validation analyses performed on the superposition model used for the Recovery Project.  

C.1 MODEL VALIDATION APPROACH 
Although the underlying CVHM Base Model was calibrated by the USGS to data obtained throughout the 
Central Valley – presumably using reasonable care in developing the geologic framework and 
determining aquifer properties – it is appropriate to demonstrate that the use of the Superposition 
Model built from the CVHM for the specific objectives of this impact analysis reasonably reproduces 
historical groundwater level changes. To achieve this, a series of validation scenarios were developed to 
test the ability of the Superposition Model to simulate changes in groundwater levels resulting from 
local groundwater pumping and recharge in the vicinity of the Recovery Project based on a comparison 
to field-measured groundwater level data. 

The objective of the validation scenarios was to assess whether the CVHM was appropriately simulating 
changes in groundwater levels as a result of groundwater recharge or pumping in the vicinity of the 
Recovery Project.  A validation analysis was performed for the Superposition Model by comparing field 
measured groundwater level data to simulated change in groundwater levels from the Superposition 
Model.  The approach was to evaluate cases where a reasonably clear cause-and-effect relationship 
could be established of a change in groundwater levels in response to pumping or recharge without 
being overly influenced by other aquifer stresses.  For this, three validation scenarios were developed 
and are discussed in more detail in the following sections: 

1. WKWD Validation Scenario #1 
2. WKWD Validation Scenario #2 
3. Kern Water Bank (KWB) Validation Scenario. 

The following section summarizes the validation scenario setup and results. 

C.2 WEST KERN WATER DISTRICT (WKWD) VALIDATION SCENARIO  

To validate the model to groundwater pumping in the area, a validation scenario was developed based 
on aquifer test data from the West Kern Water District (WKWD) North Wellfield that is located adjacent 
to the Recovery Project (Figure C-1).  The overall approach was to assess the ability of the model to 
simulate these condition consistent with the application of a screening-level model assessment.   

C.2.1 2011 WKWD Aquifer Tests Analysis 

For the WKWD validation scenarios, aquifer testing data from five groundwater extraction wells in 
WKWD North Wellfield was used (Figure C-1).  These include: 

• NW-1 – screened at depth of 270 to 570 feet in upper aquifer (RCS, 2011a) 
• NW-2 – screened at depth of 650 to 980 feet in lower aquifer (RCS, 2011b) 
• NW-3 – screened at depth of 245 to 545 feet in upper aquifer (RCS, 2011c) 
• NW-4 – screened at depth of 220 to 540 feet in upper aquifer (RCS, 2012), and 
• NW-5 – screened at depth of 220 to 540 feet in upper aquifer (RCS, 2011d). 
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The four wells completed in the upper aquifer are screened in an equivalent zone to the proposed 
Recovery Project wells. The fifth well, NW-2, is completed in a deeper zone that is considered to be 
below a regional confining layer that separates the upper and lower aquifers in this area. 

Following well installation, 24-hour aquifer tests were run on each well and the change in groundwater 
levels were monitored in the pumping well during the test.  However, measurements from the pumping 
well are affected by well efficiency.  Aquifer test data can be used to determine the specific capacity of 
the well for operational matters; however, the well efficiency makes for a higher uncertainty for defining 
aquifer properties.  Response of the aquifer and definition of aquifer properties are best defined by 
monitoring the change in groundwater levels at a nearby monitoring well.  For three of the aquifer tests, 
the change in groundwater level data was collected from other wells.  The aquifer test results from the 
WKWD North Wellfield wells from non-pumping well is summarized in Table C-1.   

The drawdown from a pumping well can be estimated using standard analytical equations.  For this 
analysis, drawdown was calculated using the Theis equation for non-steady radial flow into a well from 
an aquifer of uniform thickness and infinite areal extent (Todd and Mays, 2004; Kruseman and de 
Ridder, 1994; Freeze and Cherry, 1979; Lohman, 1972).  For this application, it is considered appropriate 
to use the confined solution of the Theis equation (Lohman, 1972).  The Theis equation is stated as 
Equation C1 below:   

𝛥𝛥ℎ =
𝑄𝑄

4𝜋𝜋𝜋𝜋 
 𝑊𝑊(𝑢𝑢)                                                                 (𝐶𝐶1) 

where 𝛥𝛥ℎ is the change in groundwater levels or drawdown after a period of pumping from the 
pumping well, Q is the discharge rate from the aquifer into the well, T is the aquifer transmissivity, and 
W(u) is the well function.   

The well function W(u) represents an integral that cannot be solved directly, but its value is given by the 
infinite series (Lohman, 1972; Kruseman and de Ridder, 1994) as shown in Equation C2: 

 𝑊𝑊(𝑢𝑢) = −0.577216 − 𝑙𝑙𝑙𝑙(𝑢𝑢) + 𝑢𝑢 −
𝑢𝑢2

2 ∗ 2!
+

𝑢𝑢3

3 ∗ 3!
−

𝑢𝑢4

4 ∗ 4!
+ ⋯                                    (𝐶𝐶2) 

The variable u in Equation C2 is defined by Equation C3 stated below (Lohman, 1972; Kruseman and de 
Ridder, 1994): 

 𝑢𝑢 =
𝑟𝑟2 ∗ 𝑆𝑆

4𝑇𝑇𝑇𝑇
                                                                             (𝐶𝐶3) 

where r is the distance to an observation well, S is the storage coefficient, T is transmissivity and t is time 
since the start of pumping.   

Table C-1 -WKWID Aquifer Test Smmn a1ry and Analytical Alna lys 's ... _ ... _.._ __ 
\.i:ll~u,au:,u \.i:ll~Uli:ll"U 

Pumping Monitor Trans- Storage Pumping Drawdown - Drawdown - Drawdown -
Well Well Distance missivity Coefficient Rate 24 hours 24 hours 6 months 

(feet], (gpcl/ft) dimensionless (gpm), (feet) (feet ], (feet) 

INW -1 NW-5 2,348 264,400 1. lOE--03 2,995 3.0 3.4 10.1 

INW -3 W-1 2,705 189,400 6.00E-04 2,500 5.3 3.9 11.7 

INW -3 NW-5 2,3Sl 189,400 6.00E-04 2,500 4.6 4.3 12.2 

INW -4 NW-1 4,035 150,200 1.00E--03 2,536 1.8 2.3 12.0 

INW -4 NW-3 1,582 150,200 1.00E--03 2,536 5.7 5.7 15.6 

INW -4 NW-5 2,699 150,200 1.00E--03 2,536 2.5 3.7 13.6 
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The calculation of the well function (W(u)) in Equation C2 is needed to solve Equation C1.  Determination 
of the variable u in the well function requires several input data parameters as shown in Equation C3. 
Most of these parameters can be taken directly from the provided data sets.  For the change in 
groundwater levels, the change was calculated individually for each pair of pumping well to observation 
locations by applying Equation C1.   

The aquifer tests were for 24 hours, so the calculated drawdown for 6 months is calculated (Table C-1) 
using the method described above.  The calculated drawdown for 24 hours is provided to verify that the 
calculation is performing correctly (Table C-1).  Differences between the measured and calculated 
drawdowns are related to variability associated with the curve-fitting aspects of applying the Theis 
equation.  The 6-month drawdown was calculated to provide some guidance in understanding the 
expected drawdown from operating large groundwater recovery wells at the WKWD North Wellfield, 
due to its close proximity to the Recovery Project.   

C.2.2 WKWD Validation Scenario #1 

One method to validate a model is to compare an analytical calculation to the numerical model results.  
These represent different solutions to the same basic groundwater flow equation; however, the 
analytical method applies a uniform set of aquifer properties over an aquifer of infinite areal extent 
whereas the numerical model allows for the spatial variation of the aquifer properties and applied 
boundary conditions.  As a result, the analytical method cannot fully represent the entire numerical 
model.  Therefore, the comparison is performed where there is a clear cause-and-effect relationship.  In 
this case, the analytical method was used to evaluate drawdown from pumping for a period of six 
months.  

To validate the model to groundwater pumping in the area, the approach was to use the results of 
another model developed based on local aquifer tests for the WKWD Groundwater Banking Project (GEI, 
2009) located just north of the Recovery Project.  The overall approach was to be consistent with a 
nearby analysis as an initial screening-level assessment.   

The GEI (2009) groundwater model simulation was conducted using the analytical computer model 
WinFlow (by Environmental Simulations, Inc.) to simulate recharge mounding and groundwater level 
drawdown effects caused by Project recharge and pumping, respectively. The model is based on local 
aquifer characteristics developed for the WKWD site.  A hydraulic conductivity of 61 ft/day and a storage 
coefficient of 0.008 were used for the simulation. The scenario consisted of nine production water wells, 
each well pumping at a rate of 2,000 gallons per minute (gpm). For the proposed maximum annual 
recovery of 24,000 AFY this would require pumping for approximately 300 days (GEI, 2009). The 
resulting drawdown for this simulation is provided as the left panel on Figure C-2. 

A comparable scenario was set up in the Superposition Model.  The initial scenario produced 
significantly lower drawdowns for the simulated pumping as compared to the WKWD simulations.  The 
horizontal hydraulic conductivity was modified over the Recovery Project area by a percentage applied 
to hydraulic conductivity from the original CVHM model.  This approach is consistent with the aquifer 
parameter modifications made in the calibration of CVHM. The aquifer parameters were modified by a 
set percentage factor to improve the model calibration (Faunt, Hanson, and Belitz, 2009).  These 
percentage factors were developed for several specific areas and layers.  This was to provide a 
mechanism to correct the texture model calculations (Page, 1986; Burow et al., 2004) which were 
limited due to a lack of data in the western areas of the Central Valley.  Several similar examples of this 
type of approach were used in areas north of Kern County (Faunt, Hanson, and Belitz, 2009).   
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The process was repeated until a reasonable match to the WKWD simulation results was produced.  The 
right panel of Figure C-2 shows the resulting comparison of WKWD simulations to the Superposition 
Model.  There is a generally good agreement for the area of maximum drawdown of greater than 
20 feet in the vicinity of the WKWD pumping wells.  Likewise, there is relatively good agreement with 
the 15-foot drawdown contour.  This indicates that the Superposition Model provides a reasonable 
simulation of drawdowns near the pumping wells.  The Superposition Model 5- and 10-ft drawdown 
contours lie outside of the WKWD simulation results for those same contours.  This indicates that the 
Superposition Model will provide a relatively conservative assessment of drawdowns in areas away from 
the pumping wells.   

C.2.3 WKWD Validation Scenario #2 

A second validation scenario was developed based on data provided by WKWD in June 2020. Based on 
these data, a validation scenario was developed from October 2012 through December 2014.  The 
scenario consisted of the following: 

• Monthly groundwater pumping volumes for the five WKWD North Wellfield wells from 
November 2012 through December 2014. 

• Groundwater levels for the five WKWD North Wellfield wells and six monitoring wells from July 
2012 through January 2020.   

Developing an appropriate validation scenario is challenging in a heavily operated groundwater basin 
because validation requires simulating a set of historical groundwater stresses that show a clear cause 
and effect relationship. In reviewing the groundwater level data, it became clear that the groundwater 
level declines were greater than might be predicted based on the WKWD North Wellfield aquifer test 
data (Table C-1).  The period from November 2012 through December 2014 was the beginning of a 
regional drought and groundwater banking operations to the east of the Recovery Project conducted 
extensive groundwater recovery operations.  Therefore, as part of the validation scenario, groundwater 
banking recovery pumping from the following Kern County Subbasin banks from this period was added 
to the validation scenario:  

• Kern Water Bank 
• Rosedale-Rio Bravo  
• Buena Vista Water Storage District  
• West Kern Water District 
• Semitropic Water Storage District 
• Pioneer Project, and 
• Berrenda Mesa project. 

During the period from October 2012 through December 2014, a total of approximately 1.8 million AF of 
groundwater was pumped by the various Kern County Subbasin groundwater banking recovery 
operations.  During that same period, groundwater pumping from the five WKWD North Wellfield wells 
was 18,728 AF, which is approximately 0.1 percent of the total groundwater pumping for that period.   

The actual measured change in groundwater levels that occurred within the aquifer is observed from 
454 groundwater level measurements collected from 5 pumping wells and six monitoring wells located 
in and around the WKWD North Wellfield. The measured change in groundwater levels is calculated as 
the difference of the measured groundwater elevation during the simulation period minus the 
groundwater elevation from October 2012, prior to pumping by the WKWD North Wellfield wells. For 
wells with data that did not extend back that far, an October 2012 groundwater level was interpolated 
based on the changes observed in other wells in WKWD and adjacent areas.   
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For each of these 11 locations, the simulated groundwater level change was compared to the calculated 
groundwater level change based on the measured data for that well. Figures C-3 and C-4 provide a 
representative set of hydrographs from four pumping wells and four monitoring wells screened in the 
upper aquifer. A comparison of simulated and measured groundwater level changes shows a reasonable 
agreement with the overall timing and magnitude of the groundwater level changes associated with the 
groundwater pumping at the WKWD North Wellfield wells and from the other groundwater bank 
recovery pumping occurring in the Kern County Subbasin.  

In addition to visual comparisons such as presented in Figure C-3 and C-4, the difference between the 
measured and simulated change in groundwater levels at the monitoring locations (referred to as the 
residual) was evaluated using summary statistics similar to those commonly used to evaluate model 
calibration, as follows: 

• The residual mean is computed by dividing the sum of the residuals by the number of residual 
data values. The residual mean tests whether the model results are biased towards over- or 
underestimating groundwater levels.  The residual mean for this validation scenario is -19 feet.  
The closer this value is to zero, the better the validation. 

• The absolute residual mean is a measure of the overall error in the model. The absolute residual 
mean is computed by taking the square root of the square of the residuals and dividing that by 
the number of measurements. The absolute residual mean for this validation scenario is 27 feet.   

• The ratio of the absolute residual mean divided by the range of observed groundwater 
elevations provides a means to assess the absolute residual mean in context with the scale of 
the simulation. The ratio for the validation scenario is 0.14 feet. Typically, a validation is 
considered good when this ratio is below 0.15 (ESI, 2011). 

The statistical results provide an assessment of the relative uncertainty of the Superposition Model 
results for simulating observed changes in groundwater levels.  Considering these results in context with 
the overall range of measurements of 198 feet, the residual mean of -19 feet represents a relative 
percentage difference of 9.5 percent. For the absolute residual mean of 27 feet, the average percentage 
difference is 14 percent. Much of the uncertainty is the highly variable groundwater levels from the 
pumping wells.  By using monthly pumping volumes, the model does not have sufficient data to simulate 
the short-term drawdowns.  In addition, the model does not simulate additional drawdown due to well 
efficiency.  In spite of these limitations, the WKWD Validation Scenario #2 demonstrates that the 
Superposition Model, using the modified CVHM aquifer properties, is able to reasonably simulate the 
relative change in groundwater levels when the reported recharge volumes for the groundwater 
banking projects are used. 

C.2.4 Model Modifications Resulting from WKWD Validation Scenarios 

Validation scenarios #1 and #2 resulted in a change in aquifer hydraulic conductivity and specific storage 
in select areas of the model. Theis approach to modifying the model corresponds to the methodology 
used to make a similar modification in CVHM where specific areas and layers were modified by a set 
percentage factor to improve the model calibration (Faunt, Hanson and Belitz, 2009). This was used to 
provide a mechanism to correct the texture model (Faunt, 2009) calculations which were limited due to 
a lack of data in the western areas of the Central Valley. Several similar examples of this type of 
approach in areas north of Kern County (Faunt, Hanson and Belitz, 2009). 

The modification of aquifer properties was applied over the western portion of Kern County essentially 
to the west of Interstate 5 (Figure B-5).  It is assumed that a lack of calibration data in CVHM were 
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available from the western Kern County due to poor water quality limiting the number of wells that no 
similar correction was applied in Kern County as to areas to the north.  Because of these factors, the 
change in the Model Layer 1 horizontal hydraulic conductivity to better match drawdowns at the WKWD 
facility is considered to be warranted.   

As a result of the two validation scenarios using the WKWD data sets, Model Layer 1 hydraulic 
conductivity and specific storage were changed to better match drawdowns at the WKWD facility. Both 
the horizontal and vertical hydraulic conductivities in Model Layer 1 were reduced to 20 percent of the 
original value used in CVHM. The specific storage was increased by 33 percent% of the original value 
used in CVHM.  The modified aquifer properties resulting from the validation analysis are generally 
consistent with the aquifer test results presented in Table C-1.   

C.3 KERN WATER BANK (KWB) VALIDATION SCENARIO  

To test the ability of the Superposition Model to evaluate regional groundwater impacts, a validation 
scenario was constructed to evaluate groundwater level changes resulting from recharge operations at 
the Kern Water Bank (KWB) from 1993 to 1998.  The KWB validation scenario was initially used in the 
Supplemental EIR for the Kern Delta Water District Water Allocation Plan (Todd Groundwater, 2017).  It 
was constructed to evaluate groundwater level changes resulting from recharge operations at the Kern 
Water Bank from 1993 to 1998. This period represents the initial recharge operations at the Kern Water 
Bank and other nearby recharge facilities prior to significant recovery activities. This validation scenario 
was setup to evaluate the ability of the Superposition Model to simulate the effects of major changes in 
groundwater levels as a result of managed aquifer recharge.   

C.3.1 KWB Validation Setup 

The KWB validation scenario evaluated the capability of the Superposition Model to simulate the effects 
of major changes in groundwater levels as a result of managed aquifer recharge.  The KWB Validation 
Scenario was rerun using the modified hydraulic conductivities from the WKWD validation scenarios.   

Detailed records of the volume of groundwater recharged is available for the various groundwater 
banking operations in and around the Kern Water Bank (Figure C-5). Unpublished groundwater banking 
data used for the validation scenario was provided directly by Kern County Water Agency, Kern Water 
Bank Authority and neighboring agencies for the following facilities: 

• Kern Water Bank 
• Pioneer Project 
• COB 2800 project 
• Rosedale-Rio Bravo recharge facilities 
• Buena Vista Water Storage District recharge facilities 
• Berrenda Mesa project, and 
• Kern River channel recharge. 

During the period from 1993 to 1998, nearly 3.1 million AF of water was recharged in the Kern Water 
Bank and other nearby recharge facilities.  In response to these large recharge events groundwater 
levels increased from 50 to 200 feet across the banking areas as documented by numerous local 
monitoring wells. Therefore, a clear quantification of the volume of recharge over this period is 
available. These volumes were applied monthly in the Superposition Model at the appropriate facility 
using the MODFLOW Recharge Package to Model Layer 1 in a manner analogous to that which is also 
being used to simulate the Palms Project.   
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By comparison, the maximum 6-year change in recharge water for the Palms Project is 0.1 million AF, 
which is about 6 percent of the Kern Water Bank recharge volume of 3.1 million AF. Therefore, the 
validation scenario incorporates larger changes than would be imposed by the Palms Project indicating 
that the validation scenario simulates larger scale change than those being considered for the Palms 
Project, which is an appropriate and standard procedure for validation in scientific and engineering 
investigations (Reilly et al., 1987) because if the Superposition Model is shown to perform well under 
the more extreme Kern Water Bank recharge scenario, it can be confidently concluded that the model 
will perform well simulating the more moderate conditions for the Palms Project. 

C.3.2 KWB Validation Scenario Results 

The actual measured change in groundwater levels is observed from 1,495 groundwater level 
measurements collected from 26 monitoring wells located in and around the Kern Water Bank between 
1993 and 1998. The measured change in groundwater levels is calculated as the difference of the 
measured groundwater elevation during the simulation period minus the groundwater elevation from 
late 1992, prior to large recharge events. Monitoring wells with insufficient data (i.e., the last four 
months of 1992) were excluded from the data set.   

For each of these 26 monitoring wells, the simulated groundwater level change was compared to the 
calculated groundwater level change based on the measured data for that well. Figure C-6 provides a 
representative set of hydrographs from four monitoring wells located in different areas of the Kern 
Water Bank. A comparison of simulated and measured groundwater level changes indicates a strong 
agreement with the overall timing and magnitude of the groundwater level changes associated with 
these recharge events.    

In addition to visual comparisons such as presented in Figure C-6, the difference between the measured 
and simulated change in groundwater levels (referred to as the residual) at the monitoring locations was 
evaluated.  Table C-2 provides a well-by-well summary of the calibration statistics for the 26 monitoring 
wells used to assess the results of the validation scenario.   

The KWB Validation Scenario demonstrates that the level of accuracy of the Superposition Model is 
suitable to simulate future groundwater level changes on the scale of the Palms Project. A summary of 
summary statistics commonly used to evaluate model calibration are as follows: 

• The correlation coefficient ranges from 0 to 1 and is a measure of the closeness of fit of the data 
to a 1 to 1 correlation. A correlation of 1 is a perfect correlation. The correlation coefficient of 
0.84 for the validation scenario indicates a strong correlation between simulated and observed 
groundwater level change.   

• The residual mean is computed by dividing the sum of the residuals by the number of residual 
data values. The residual mean tests whether the model results are biased towards over- or 
underestimating groundwater levels.  The closer this value is to zero, the better the validation. 
The residual mean for this validation scenario of -3.8 feet is considered minor.  A negative value 
indicates this minor bias is towards overestimating the change in groundwater levels in the 
Superposition Model.   

• The residual standard deviation evaluates the scatter of the data. A lower standard deviation 
indicates a closer fit between the simulated and observed data. The standard deviation for the 
validation scenario is 25.3 feet.   

• The absolute residual mean is a measure of the overall error in the model. The absolute residual 
mean is computed by taking the square root of the square of the residuals and dividing that by 
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the number of measurements. The absolute residual mean for this validation scenario is 
19.8 feet.   

• The ratio of the absolute residual mean divided by the range of observed groundwater 
elevations provides a means to assess the absolute residual mean in context with the scale of 
the simulation. The ratio for the validation scenario is 0.097 feet. Typically, a validation is 
considered good when this ratio is below 0.15 (ESI, 2011). 

Considering these results in context with the overall range of measurements of 204 feet, the residual 
mean of -3.8 feet represents a relative percentage difference of about 2 percent. For the absolute 
residual mean of 19.8 feet, the average percentage difference is 9.7 percent and the median percentage 
difference is 15 percent (Table C-2). Based on these results, this validation scenario demonstrates that 
the Superposition Model, using the modified CVHM aquifer properties determined by the WKWD 

Table C.-2 - KWB Validation Scenario Statistical Resu lts by Monitoring Well 
Residual Absolute Groundwater 

Residual Standard Residual Elevation Percentage 

Well Mean Deviation Mean Raoge Variation 
(feet) (feet) (feet) (feet) (%) 

29S/26E-31H0 1 -5.42 17.30 15.11 119 .7 13% 

29S/26E-31H0 2 -22.99 16.90 24.46 116.9 21% 

29S/26E-35H0 1 -24 .48 11.68 24.48 86.0 28% 

29S/ 26E-3 5H0 3 -14.88 10.34 15.00 80.3 19% 

29S/ 26E-3 5H04 -11.78 9.03 12.36 83.5 15% 

30S/24E-13D0 1 -17 .27 13.03 17.27 110.5 16% 

30S/24E-13D0 2 -18.85 12.48 18.85 105.4 18% 

30S/ 24E-13D0 3 -18 .44 13.45 18.46 99.9 18% 

30S/ 25E-04J0 2 2.37 2 6.97 22.72 153.1 15% 

30S/25E-04J03 -0 .03 22.85 18.61 150.1 12% 

30S/25E-04J04 17 .12 29.23 24 .01 148.5 16% 

30S/ 25E-07A02 -15.95 13.68 16.87 123.9 14% 

30S/ 25E-07A03 -14 .9 8 11.62 15.45 118.8 13% 

30S/ 25E-07A04 -5.98 10.04 8.86 116.0 8% 

30S/25E-14C02 6.75 35.89 32.09 154.4 2 1% 

30S/25E-16 L01 6.39 28.93 21.94 165.7 13% 

30S/ 25E-16 L02 -3 .52 18.88 15.55 149.3 10% 

30S/ 25E-16L03 4 .26 26.64 21.24 150.4 14% 

30S/25E-21G02 12.80 33 .42 25.07 146.7 17% 

30S/25E-21G0 3 10 .46 26.74 20.07 147.2 14% 

30S/ 25E-22R0 2 1.26 9.71 7.57 90.6 8% 

30S/ 25E-22R03 -3.86 10.03 8.37 89.7 9% 

30S/26E-04J0 2 26.63 25.69 33.11 178.3 19% 

30S/26E-04J0 3 34 .14 2 6.66 3 6.6 2 155.8 24% 

30S/26E-25A02 -22.50 8.77 22.55 64.8 3 5% 

30S/ 26E-25A03 -21.14 9.20 21.26 57.5 37% 

Composite -3 .83 25.29 19.86 204.4 10% 
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validation scenarios, is able to simulate the relative change in groundwater levels when the reported 
recharge volumes for the groundwater banking projects are used.  

C.3.3 Superposition Model Uncertainty Assessment 

Because the recharge rates and groundwater pumping volumes in the WKWD and KWB validation 
scenarios are comparable or exceed on a local scale to those produced by the either the Palms or 
Recovery Project, the simulation results of the Recovery Project Scenarios should have a similar relative 
percentage difference as that determined for the KWB validation scenario.  Based on the validation 
scenario results, the uncertainty is in the range of +/- 15 percent.  Therefore, for example, if simulation 
results for the Recovery Project scenarios produce a change in groundwater levels of 10 feet, then 
relative accuracy of the simulation would be approximately +/- 1.5 feet based on the median percentage 
difference. Therefore, using the example of a simulated 10-foot change in groundwater levels, the range 
of groundwater level changes that would likely occur would be 8.5 to 11.5 feet, which is a reasonable 
accuracy range for Project-related impacts.  This validation scenario demonstrates that the level of 
accuracy of the Superposition Model is suitable to simulate potential-future groundwater level changes 
on the scale of the Recovery Project.   
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WKWD Validation Scenario
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November 2020 Figure C-3
Simulated vs. Measured Change 

in Groundwater Levels 
for WKWD Validation Scenario
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November 2020 Figure C-4
Simulated vs. Measured Change 

in Groundwater Levels 
for WKWD Validation Scenario
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November 2020 Figure C-6
Simulated vs. Measured Change 

in Groundwater Levels 
for KWB Validation Scenario
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D. RECOVERY PROJECTS CUMULATIVE SCENARIO PROJECT LISTS  

The Kern County Subbasin Coordination Agreement refers to the local groundwater-surface water 
model (C2VSimFG-Kern) as the agreed upon method for generating coordinated water budgets for the 
Kern County Subbasin. Appendices 2 and 4 of the Kern County Subbasin Coordination Agreement 
include a technical report (Maley and Brush, 2020) on the development and application of C2VSimFG-
Kern for these purposes including the setup and results of the Projected-Future Baseline with SGMA 
Projects Scenario.   

The projects descriptions included in this Appendix D are excerpts taken from their respective GSPs and 
describe the projects included in the Projected-Future Baseline with SGMA Projects Scenario that was 
included in the 2020 Kern County Subbasin GSPs as listed below:   

• Kern Groundwater Authority Groundwater Sustainability Plan, January 2020 

• Final Groundwater Sustainability Plan (GSP), Kern River Groundwater Sustainability Agency 
(KRGSA), January 2020 

• Henry Miller Water District Groundwater Sustainability Plan, Kern County Subbasin, January 
2019 
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4 Projects and Management Actions 

4.1 Proposed Projects and Management Actions 
Projects and management actions for the KGA have been developed at the management area 
level. Table 4-1 (provided at the end of this section) provides a summary list of all projects and 
management actions being considered for implementation by each member agency, including the 
project title, implementation status, a brief description of the project, and benefits associated with 
the project. The details of each proposed project and management action can be found in each 
member agency’s management area plan.  

In addition to the projects and management actions that are proposed by the KGA members, the 
KGA has identified projects and management actions that it will implemented to further the 
coordination of groundwater management in the Subbasin. Table 4-2 list these proposed projects 
and management actions. These efforts will be managed by the KGA and will be cost-share 
through agreements with KGA members and other GSAs in the Subbasin, as appropriate.  

Table 4-2: Kern Groundwater Authority Projects and Management Actions 

Project Name Project Description 

Subsidence 
Monitoring (basin-
wide) 

Improve the understanding of the causes and impacts of subsidence in the Subbasin. 

Implementation Period: 2020 to 2025 

Groundwater 
Modeling (basin-
wide)  

Improve the understanding of groundwater reactions to the implementation of projects and 
management actions, relationship to minimum thresholds and measurable objectives, determination 
of the native yield of the Subbasin, and subsurface flow within and out of the Subbasin.  

Implementation Period: 2020 to 2025 

Study of Native 
Yield of the 
Subbasin 

Studies to refine the understanding and allocation of the available native groundwater yield within the 
Subbasin.  

Implementation Period: 2020 to 2025 

Basin-wide 
Coordination 

Continuation of the Kern Subbasin Managers Group to coordinate water management activities in the 
Subbasin, including technical analysis, project management and coordination, identification of joint 
management opportunities and coordination of SGMA reporting requirements to DWR. 

Implementation Period:  2020 to ongoing 

Annual Reporting Coordination and facilitation of annual SGMA reporting requirements. 

Implementation Period:  2020 to ongoing 

The Subbasin includes a complex environment of various local and imported surface water 
supplies; variable access to groundwater supplies based on quantity and quality; water 
management authorities; extent and capacity of water management infrastructure; and fiscal 
relationship with local landowners for participation in water management programs. Each of the 
member agencies within the KGA has identified projects and management actions best suited to 
meet the conditions of sustainability within their respective management areas within the water 
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management and authorities of its entity. Collectively these projects and management actions are 
designed to maintain or achieve sustainability and the avoidance of undesirable results, first 
within the management area and then collaboratively throughout the Subbasin. The KGA, the 
KGA/GSA Managers Group and the Kern SGMA Coordination Committee will monitor the 
progress of project and management action implementation against reported groundwater 
conditions and performance to measurable objectives and interim milestones. Through this 
coordination effort opportunities will be explored for collaboration in implementing projects and 
management actions, as has been historically accomplished in the Subbasin, for joint conveyance 
as well as recharge and banking projects, as an example.  

Table 4-1 list more than 150 projects and management actions. This includes management 
projects ranging from expansion of local and regional conveyance and recharge facilities to take 
advantage of surplus supplies; new conveyance and recharge projects; and participation in the 
California Water Fix or other thru-Delta improvement projects. Management actions range from 
implementing district level fee structures to incentive reduced groundwater pumping; 
participation in local, regional, and state-wide water markets; and setting allocation for 
groundwater use by landowner, based on the sustainable yield of the management area.  

Table 4-1 also demonstrates the tremendous capacity of the entities in the Subbasin to implement 
projects and management actions to manage the Subbasin sustainably. As the KGA and the other 
Subbasin GSAs progress to 2040, the implementation of projects and management actions will 
be adaptively managed to ensure that the proper mix of projects or management actions are 
developed to avoid undesirable results. Each management area plan as developed its own 
adaptive management strategy, which often entails some level of groundwater pumping 
reductions if proposed project or management action are not realized or are not as effective as 
anticipated.  

4.2 Projected Future Water Budgets with SGMA Implementation 
Projected water budgets with implementation of the projects and management actions described 
in the previous section were developed using the C2VSimFG-Kern to evaluate the performance 
with respect to achieving groundwater sustainability. Proposed projects and management actions 
were simulated under Baseline conditions, 2030 Climate Conditions and 2070 Climate 
Conditions using the C2VSimFG-Kern. Detailed description of proposed SGMA projects, and 
management actions are provided in Attachment H: Historical and Projected Future Water 
Budget Development with C2VSimFG-Kern. 

4.2.1 Future Baseline Water Budget with SGMA Implementation 
The Baseline Scenario with Projects simulates the implementation of proposed projects and 
management actions applied to the Baseline Scenario.  No other changes were made except for 
the addition of the projects to provide a direct comparison of the relative benefits of the over 
400,000 AFY of proposed SGMA projects and management actions.  The change in groundwater 
storage for projected future baseline with SGMA Projects improves by about 409,904 AFY.  
This change results in a net gain in groundwater in aquifer storage over the WY2041 to WY2070 
sustainability period of about 85,578 AFY.   
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Figure 4-1 shows the comparison of the average annual water budget components for the two 
different Baseline Scenarios.  Over this period, the average groundwater pumping of 1,354,000 
AFY for the Baseline Scenario with SGMA Projects (which includes agricultural pumping, 
urban pumping and exported water) is over 270,000 AFY less than the Baseline Scenario.   

4.2.2 2030 Climate Change Water Budget with SGMA Implementation 
The 2030 Climate Scenario with SGMA Projects simulates the implementation of proposed 
projects and management actions applied to the 2030 climate change conditions.  No other 
changes were made to this scenario.  A comparison of the average annual water budget 
components for the two 2030 Climate Scenarios is presented in Figure 4-2. The change in 
groundwater storage for projected 2030 Climate Scenarios condition with SGMA Projects 
improves by about 418,949 AFY.  This change results in a net deficit in groundwater in aquifer 
storage over the WY2041 to WY2070 sustainability period of about 46,829 AFY. Over this 
period, the average groundwater pumping of 1,444,300 AFY for the 2030 Climate Scenario with 
SGMA Projects, which includes agricultural pumping, urban pumping and exported water, is 
over 290,000 AFY less than the 2030 Climate Scenario without SGMA Projects.   

4.2.3 2070 Climate Change Water Budget with SGMA Implementation 
The 2070 Climate Scenario with SGMA Projects simulates the implementation of proposed 
projects and management actions applied to the 2070 climate change conditions.  No other 
changes were made to this scenario. A comparison of the average annual water budget 
components for the two different 2070 Climate Scenarios is presented in Figure 4-3.  The change 
in groundwater storage for projected 2070 Climate Scenarios condition with SGMA Projects 
improves by about 426,367 AFY.  This change results in a net deficit in groundwater in aquifer 
storage over the WY2041 to WY2070 sustainability period of about 45,969 AFY. Over this 
period, the average groundwater pumping of 1,559,000 AFY for the 2070 Climate Scenario with 
SGMA Projects, which includes agricultural pumping, urban pumping and exported water, is 
over 307,000 AFY less than the 2070 Climate Scenario without SGMA Projects.    

A comparison of the annual change in groundwater storage over the 50-year hydrologic period 
for the baseline conditions, 2030 and 2070 climate condition for with and without projects is 
presented in Figure 4-4.  The time series shows that change in groundwater storage has stabilized 
to slightly increasing over the period from WY2041 to WY2070 for with Projects condition.  
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Figure 4-1. Baseline Projected Future Average Annual Groundwater Budget for WY2041-2070 
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Figure 4-2. 2030 Climate Projected Future Average Annual Groundwater Budget for WY2041-2070 
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Figure 4-3. 2070 Climate Projected Future Average Annual Groundwater Budget for WY2041-2070 
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Figure 4-4. Projected Future Change in Groundwater Storage for all Conditions. 
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Entity Project Title Implementation Status Description Benefits

AEWSD AEWSD Sunset Spreading Works
Land acquisitions has been completed. To be implemented 
upon adoptions of AEWSD GSP Chapter and grant funding 
acquisition.

The Sunset Spreading Works, approximately 150 acres, is located on the boundary between AEWSDand KDWD, 
adjacent to KDWD's Eastside Canal. The Project will take surface water (Federal CVP,State Water Project, or local 
supplies) diverted through KDWD's Eastside Canal and recharge thesurface supplies as part of AEWSD's and 
KDWD's joint water management programs. The Project will include the construction of exterior and interior dikes 
for a direct recharge facility, a new turnout and pump station from the KDWD Eastside Canal, and interbasin 
structures.

Project enhances recharge relevant to groundwater levels, storage, and quality. 
Primary benefits include water supply augmentation of 2,000-3,000 AFY of recharge 
and a water demand reduction of 410 AFY.  

AEWSD Private and Caltrans Basin Connections Not yet initiated. Implementation upon receipt of grant 
funding.

This project involves the construction of pipelines to connect several on-farm private basins and Caltrans sumps 
near AEWSD to utilize for groundwater recharge.

Project enhances recharge relevant to groundwater levels and storage.  Primary 
benefits include water supply augmentation of 50-500 AFY of recharge.

AEWSD Sycamore Creek Detention &
Sedimentation Basin

Not yet initiated. Implementation upon receipt of grant 
funding.

The proposed basin would serve to intercept sediment from Sycamore creek flows to prevent constriction where 
sediment deposits downstream, reduce the peak outflow, and prevent the likelihood of a canal and spreading basing 
breach. Detained water could be recirculated for irrigation demands or recharged for groundwater supply 
augmentation.

Project enhances recharge relevant to groundwater levels, storage, and quality.  
Primary benefits include water supply augmentation of 200-300 AFY of stormwater 
capture.

AEWSD AEWSD South Canal Flood
Study / Improvements

Study to be initiated upon GSP adoption and grant funding 
acquisition.

The South Canal Flood Study would review and possibly revise the FEMA floodplain in this area in order to increase 
the height of the canal bank to provide additional operational freeboard and accordingly reduce the potential for 
canal spills and subsequent flooding.The additional canal storage could allow for the caputure and use of additional 
floodwater in-lieu of groundwater pumping.

Project enhances recharge relevant to groundwater levels and storage. Primary 
benefits include water supply augmentation of 100-200 AF of increased storage 
capacity and stormwater capture.

AEWSD Stormwater Management and
Flood Control Improvements

To be decided upon available funding. Excessive flooding or 
further damages may expedite intiation. 

Potential construction of new sedimentation/detention basins, flood ditch erosion protection, Spillway Basin 
expansion, lengthening the South Canal’s siphon under David Road or extension of the South Canal liner through 
designated floodplain reaches.

Project enhances recharge relevant to groundwater levels, storage, and quality.  

AEWSD On-Farm Recharge Underway
The program will encourage individual growers to perform on-farm recharge for individual and aggregated benefits. 
Water may be recharged on-farm in private basins and/or distributed through irrigation systems across irrigated 
acreage in excess of current crop ET.

Project enhances recharge relevant to groundwater levels and storage. 

AEWSD Caliente Creek Habitat Mitigation and 
Gorundwater Recharge

Not yet initiated. Implementation upon receipt of grant 
funding.

Restoration of agricultural lands to native vegetation to provide flood mitigation. Two alternatives are being 
considered, of which Alternative 1 is partial agricultural and 2 is non-agricultural. Project provides immediate flood control benefits of local stormwwater.

AEWSD AEWSD Intake Canal / KDWD
Buena Vista Canal Intertie Not yet initiated. Implementation to be decided.

Improvement of existing and/or construction of new interties between AEWSD Intake Canal and KDWD's Buena 
Vista Canal to facilitate water exchanges between the two districts and Kern County partners.

Project to increase surface storage capacity and delivery flexibility in relation to 
groundwater levels and storage. Primary benefits include water supply augmentation 
of 8,000 AFY increased transfer and exchange potential. 

AEWSD AEWSD Intake Canal / KDWD
Farmer's Canal Intertie Not yet initiated. Implementation to be decided. Improvement of existing and/or construction of new interties between AEWSD Intake Canal and KDWD's Farmer's 

Canal to facilitate water exchanges between the two districts and Kern County partners.

Project to increase surface storage capacity and delivery flexibility. Primary benefits 
include water supply augmentation of 4,000 AFY increased transfer and exchange 
potential.

AEWSD AEWSD Wasteway Basin
Improvements Project to be implemented upon FEMA grant approval.

The primary use of the existing AEWSD Wasteway Basin is to provide emergency water storage in the event of 
power failure. Additionally, it works as a detention facility for the City of Bakersfield stormwater. This project would 
include construction of a HDPE liner along the levees, installation of recirculation pumps, and basin grading. These 
improvements would allow the basin to serve as a location to divert and clarify sediment.

Project to increase surface storage capacity and delivery flexibility in relation to 
groundwater levels and storage. Primary benefits include water supply augmentation 
of 1,550 AFY of stormwater capture. 

Table 4-1.  Kern Groundwater Authority List of Projects and Management Actions

Arvin-Edison Water Storage District



Entity Project Title Implementation Status Description Benefits
Table 4-1.  Kern Groundwater Authority List of Projects and Management Actions

AEWSD Forrest Frick Pipeline / KDWD Eastside 
Canal Intertie

Not yet initiated. Implementation upon receipt of grant 
funding.

This project would connect the Forrest Frick Pipeline to the KDWD Eastside Canal to send AEWSD SW supplies 
through KDWD to serve portions of the AEWSD GWSA with temporary water contracts, utilizing existing 
infrastructure (turnouts, pipelines that are both District and landowner owned). With the District’s new 9(d) contract, 
certain provisions of Reclamation law are no longer applicable and all lands within the service area can now be 
served with federal water supplies.

Primary benefits include water supply augmentation of 10 AFY of recharge, 3 AFY/ac 
of land served. 

AEWSD AEWSD North Canal Balancing Reservoir 
Expansion & Discharge Pipelines To be initiated upon completion of feasibilty 

The proposed project will consist of the installation of a pipeline system that will convey flows from the four (4) wells 
within the AEWSD Balancing Reservoir directly to the basin discharge structure and no longer through the basin low 
flow channels. Infiltration and evaporation losses on well discharge flows will be eliminated and power efficiency for 
the wells (kwh/af) will be significantly enhanced since all water pumped will be discharged into the North Canal.

Primary benefits include water supply augmentation of 16 AF of increased storage 
capacity and 100 AFY of recharge. In addition, water demand is expected to be 
reduced by 50 AFY in evaporative losses. 

AEWSD AEWSD Lateral Capacity
Improvement Projects Not yet initiated. 

Increase delivery capacity of the AEWSD N-55 lateral system. Some examples of the actions considered for this 
project are: replacement of lateral system and landowner pipelines, renovation of storage tanks, construction of 
pump stations, etc.

Primary benefits include water supply augmentation of 2,000 AFY of of increased 
delivery capacity. 

AEWSD Conversion of Granite Quarry
to Sycamore Reservoir

Study to be initiated upon GSP adoption and grant funding 
acquisition.

The Granite Co. quarry, located upstream of the Sycamore Spreading Basins, is approaching the end of its 
operational life and could be converted into a balancing / detention / spreading reservoir. Excess flows in the North 
Canal could be pumped into the quarry reservoir, so the detained water could be recirculated for irrigation demands 
in-lieu of groundwater pumping and/or recharged. 

Primary benefits include water supply augmentation of 3,000-6,000 AFY of recharge 
and an additional 2,500 AF  increased storage capacity.  

AEWSD AEWSD South Canal Balancing Reservoir Not yet intiated. Creation of a reservoir to allow water storage for flow mismatches in the AEWSD canal system during operation or 
emergencies. Depending on the location, this reservoir would increase storage capacity by ~500 AF.

Primary benefits include water supply augmentation of 500 AF increased storage 
capacity.  

AEWSD Frick Unit In-Lieu Project Not yet intiated. To be implemented upon grant funding.  

This project would increase the ability of the District to provide surface water supplies to the Groundwater Service 
Area (GWSA) to help meet crop irrigation requirements. With the Project, the District will supply surface water when 
available through new facilities to the GWSA to meet crop irrigation requirements with the intent of reducing District 
wide groundwater use.

Primary benefits include water supply augmentation of 3,500 AFY of increased 
surface water deliveries. 

AEWSD DiGiorgio Unit In-Lieu Project Completed Phase I. Future phases intiated upon grant 
funding. 

The District will supply SW when available through new facilities to the GWSA to meet its water requirements with 
the intent of reducing District-wide GW use. However, when SW is in short supply and under agreement, the 
landowners could recover and return GW from their own wells to the District canal system through new pipelines 
once they have satisfied their own water needs.

Primary benefits include water supply augmentation of 4,250 AFY in increased 
surface water deliveries.

AEWSD General In-Lieu Banking
Program Not yet initiated. To be implemented upon grant funding. The In-Lieu Banking Program consists of suppling surface water to landowners that previously relied only on 

groundwater (GWSA). New infrastructure would have to be built to facilitate the implementation of this program.
Primary benefits include water supply augmentation of 2.75 AFY/ac increased 
surface water deliveries every 2.5 years. 

AEWSD Reclamation of Oilfield
Produced Water

 To be implemented upon adoptions of AEWSD GSP 
Chapter and agreement with partnering oil field. 

Reclaiming water from oil production facilities for irrigation purposes is currently an untapped water source in 
AEWSD. After treatment and cooling, produced water could be pumped into AEWSD facilities to serve irrigation 
demands in-lieu of groundwater pumping.

The primary expected benefit is water supply augmentation. 

AEWSD Wastewater Reclamation with City of Arvin & 
Bakersfield

 To be implemented upon adoptions of AEWSD GSP 
Chapter and agreement with City of Arvin and City of 
Bakersfield. 

Reclaiming water from Cities of Arvin and Bakersfield wastewater treatment facilities for irrigation purposes is 
currently an untapped water source in AEWSD. After wastewater treatment, the effluent could be pumped into 
AEWSD facilities to serve irrigation demands in-lieu of groundwater pumping.

The primary expected benefit is water supply augmentation of 10,000 AFY. 

AEWSD Incentives for Land Conversion  To be implemented upon adoptions of AEWSD GSP 
Chapter.

The District would provide subsidies to incentivize groundwater users to convert land to alternative land uses (e.g. 
solar farms) and reduce groundwater extractions. The District may consider a subsidy structure study to determine 
which subsidies would result in the greatest expected annual benefit in acre-feet per year.

The primary expected benefit is water demand reduction of 2.75 AFY/ac of land 
converted. 



Entity Project Title Implementation Status Description Benefits
Table 4-1.  Kern Groundwater Authority List of Projects and Management Actions

AEWSD On-farm Water Conservation To be implemented upon stakeholder interest and acuisition 
of grant funding. 

The NRCS is offering landowner incentive programs to assist in implementing various conservation activities, 
including but not limited to: irrigation system improvements, water/nutrient/pest management, and pump engine 
replacement. Interested landowners can call (661) 336-0967 or visit the website (www.ca.nrcs.usda.gov) for more 
information.

The primary expected benefit is water demand reduction of 50 - 500 AFY. 

AEWSD Groundwater Fee Increase Contingent on the Frick Unit In-Lieu Project, Digorgio Unit In-
Lieu Project, and General In-Lieu Banking Program. 

Increase GWSA costs to incentivize groundwater users to reduce groundwater extractions and take surface water 
when available. The District may consider modifying its fee structure study to determine the best strategy for curbing 
groundwater overdraft without causing inequitable economic impact.

The primary expected benefit is water demand reduction. 

AEWSD Groundwater Extraction
Quantification Method

 To be implemented upon adoptions of AEWSD GSP 
Chapter.

Application of a new policy to specify an approved method to quantify the individual and aggregated groundwater 
extractions for the required SGMA annual reporting. Some methods to consider (or a combination of them) are the 
following: (1) Irrigated Acreage determined by aerial imagery; (2) Irrigated area hybrid determined by annual crop 
survey alongside aerial imagery; (3) Calibrated energy records; (4) Volumetric flow measurement; (5) Remote 
sensing of vapotranspiration; (6) Other.

This Project is expected to improve water management flexibility and efficiency as 
well as data gap filling and monitoring. 

AEWSD Groundwater Allocation per Acre
 To be implemented upon adoptions of AEWSD GSP 
Chapter and initiated as needed to meet milestones if other 
new supplies are not developed as anticipated. 

This program would provide a finite groundwater allocation on a per acre basis. The policy would identify and 
forecast the demands associated with existing water rights, domestic and environmental uses. The sustainable yield 
and ultimate groundwater allocation would take into consideration the applicable beneficial uses and users of 
groundwater. Once an individual groundwater allocation is determined, the District may adopt a policy which 
provides a gradual “ramp-down” wherein an allocation would decrease over time to arrive at the actual roundwater 
allocation to allow growers time to adjust to the concept of an allocation and, for some growers, a reduction in 
groundwater use. The policy would detail the number of years and amount of reduction each year.

The primary expected benefit is water demand reduction. 

AEWSD Groundwater Marketing &
Trading

Contingent on Management Actions; Groundwater  
Extraction Quanitification Method and Groundwater 
Allocation per Acre. 

Contingent on the GW extraction quantification and allocation programs, the District would pursue a groundwater 
market and trading program to provide uses and beneficial users more flexibility in utilizing a groundwater allocation. 
The District may adopt a policy to define a groundwater trading program, acknowledging that many complexities and 
considerations required to successfully initiate and manage a trading program may arise. Therefore the District 
should discuss any other water bank/credit systems in existence. The District may adopt a groundwater trading 
structure and consider a variety of structures including: (1) Bilateral contracts or "coffee shop" markets; (2) 
Brokerage; (3) Bulletin boards; (4) Auctions and reverse auctions; (5) Electronic clearing-houses or "smart markets" 
; (6) Other trade structures.

This Project is expected to improve water management flexibility and efficiency.

AEWSD Education of Groundwater Use
per Acre

 To be implemented upon adoptions of AEWSD GSP 
Chapter.

This program would provide groundwater users an expected groundwater volume, as an education tool, prior to 
enforcement actions on groundwater allocations, with the goal of providing awarness of overdraft conditions. This 
information would be provided in an annual letter, along with average crop demand, GSA average extraction, GW 
overdraft, and reminders of GSA powers and authorities.

The primary expected benefit is water demand reduction  of 100 AFY. 

AEWSD ACSD Emergency 1,2,3-TCP
Treatment at Well No. 13 Implementation is underway. 

The project involves the installation of emergency 1,2,3-TCP treatment at the well head. The work will include 
installation of a skid mounted treatment system with two granular activated carbon media vessels for removal of 
1,2,3-TCP, connection to the existing well discharge piping, installation of below ground and above ground influent 
and effluent piping and appurtenances, electrical and controls, and modifications to the existing well site PLC 
programming.

This Project is expected to imrpove water quality. 

AEWSD ACSD Arsenic Mitigation
Project - Phase II Implementation is underway. 

The purpose of the project is to bring the ACSD water system into compliance for Arsenic. All five of the ACSD 
active wells exceed the maximum contaminant level (MCL) of 10 ppb for Arsenic. The project was separated into 
two phases. Phase II involves drilling three new wells, constructing a 1.0 MG storage tank and booster pumping 
plant, and connecting the facilities to the existing distribution system. The original five (5) water wells will then be 
abandoned and destroyed in accordance with Kern County Standards.

This Project is expected to imrpove water quality. 

CWD Voluntary Land Conversion 2020 to 2040 Implementation 

The Cawelo GSA will develop a program to incentivize landowners to reduce their total crop demand by converting 
farmed land to groundwater recharge areas. This would reduce demands and the increased recharge capability 
could increase supplies. It could also reduce the potential of currently fallow land being used for future crops. This 
Management Action could be implemented conjunctively with Project #2: Increase GW Recharge and Banking 
Capacity

Range of annual benefit is 2,000 AFY with an average annual benefit at 2040 of 2,000 
AFY.

Cawelo Water Storage District
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CWD Crop Conversion and Irrigation Efficiency 2020 to 2040 Implementation 

The Cawelo GSA will evaluate potential programs to incentivize growers to convert from relatively high water 
demands   crops to crops that require less water and to improve the efficiency of irrigation practices. The Cawelo 
GSA will partner with Federal, State and local organizations such as the California Department of Food and 
Agriculture, U.S. Department of Agriculture, and Natural Resources Conservation Service to provide landowners 
information and access to conservation programs. The programs would educate the landowners on the potential 
economic savings from conversion to lower water demand crops and increased irrigation efficiencies and incentivize 
them to seek improved economically viable agricultural operations.

Range of annual benefit is less than 2,000 AFY with an average annual benefit at 
2040 of 3,8000 AFY.

CWD Land Acquisition 2020 to 2040 Implementation 

The Cawelo GSA will evaluate and potentially implement a program to acquire land that is actively farmed to reduce 
irrigated acreages within the Cawelo GSA. This would directly eliminate demands   and free up the associated water 
supplies to meet other demands.    This could be a very long-term program seeking to acquire appropriate land 
when available or to reduce the financial burden.  Another method for pot  ential conservation programs will be 
developed that could place certain easements on land that would minimize potential future increased water 
demands.  These programs could also be implemented by contracts or other types of agreements. 

Range of annual benefi is 2,500 AFY with an average annual benefit at 2040 of 2,400 
AFY.

CWD New Water Supply Purchases Begin program in 2020.

The Cawelo GSA would implement programs that will acquire long term new water purchase contracts and/or 
establish a water purchase fund if contracts are difficult to secure because of high demand and competition and 
resulting high costs. The main goal would be to secure long

-
term new water contracts but  compliance with SGMA 

will impact future water management practices and could  make the availability of new long

-
term contracts scarce. If 

long

-
term contracts can’t be secured then a new water fund would be established to build funding reserves for water 

purchases. These purchases could occur during favorable times such as hydrologically wet years when water will be 
more readily available at lower costs. While the Cawelo GSA would likely not need this water in wet years, these 
types of purchases could be in the form of banked water that the Cawelo GSA could request at a future date. 
Alternatively, the funds could be used to make annual water purchases and the revenue for the fund would be 
consistent from year to year regardless of the hydrological conditions. Therefore, during wet or average hydrologic 
years the water would cost less and reserves would be built up for more costly water purchases during the drier 
years. It is estimated that an additional 5,000 AFY to 23,000 AFY of water could be imported into the Cawelo GSA 
area through new long

-
term contracts or establishing a new water purchase fund or both.

Securing new long

-
term contracts or establishing a water purchase fund or both could 

result in an
additional 5,000 AFY to 23,000 AFY of water that could be imported into the Cawelo 
GSA area. This
additional water would increase the amount of water in the basin and decrease 
overdraft.

CWD Increase Groundwater Recharge and 
Banking Capacity Target 2030 Implementation

The Cawelo GSA will implement projects or programs to increase recharge capacity to capture and recharge 
additional wet year high flow waters to store for future use. The Cawelo GSA has limited groundwater recharge 
facilities and has not been able to capture and recharge all available water under wet hydrological conditions. This 
project would entail building additional Cawelo GSA

-
owned  recharge facilities and/or improve the distribution 

system to increase the capacity to capture more water, especially during wet hydrologic events. Some facilities 
could be strategically located to capture storm runoff that may otherwise leave the Cawelo GSA area. It is estimated 
that approximately 200 to 570 acres of new recharge and banking facilities could be developed.
Additionally, the Cawelo GSA will consider implementing a program to incentivize landowners to use their land for 
recharge. This could provide an opportunity for landowners to bank their privately

-
owned water for future recovery 

and possibly allow the Cawelo GSA access to their lands for additional recharge. This program would not only 
increase recharge capacities during wet years but could also reduce water demand by replacing crops with recharge 
facilities. The privately

-
owned water could be purchased under Project #1, New Water Supply Purchases, described 

above.

There are significant regions within the Cawelo GSA with soil properties that could 
achieve percolation rates of up to 0.5 AF per day. Assuming an average percolation 
rate of 0.35 AF/day and approximately 200 to 570 acres of potential new recharge 
and banking land, about an average of 500 AFY to 1,500 AFY of new water could be 
recharged for future recovery. It is not clear what magnitude landowner

-
owned 

recharge facilities would have on importing additional waters into the Cawelo GSA 
area. It could be anywhere between an average of 50 AFY to 500 AFY.

CWD New Cawelo GSA Banking Partners Begin program in 2020.

The Cawelo Water District benefits from a banking program partnership with the Zone 7 Water Agency. Located in 
the Livermore

-
Amador Valley, which is outside of the Kern County Subbasin. The District stores water for Zone 7 

and keeps half of the water that it stores. For example, for every 2 AF feet of water delivered to District recharge 
facilities, the District is obligated to only return 1 AF. The currently banking program with Zone 7 could be modified 
to increase the amount of water stored for Zone 7 and/or a new banking programs and partners could be considered 
to fund the construction of new facilities and/or to improve existing facilities. It is estimated this could increase the 
annual average water supply up to 500 AFY.

The expansion of the existing banking contract with Zone 7 and/or the development of 
additional banking partners would be a beneficial way the Cawelo GSA could 
increase its groundwater supply by the portion of water each partner agrees to 
essentially leave in the Cawelo GSA area. Zone 7 has agreed to leave 50 percent of 
all that is spread. It is estimated that this program would generate about 500 AFY.
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CWD Water Treatment Facilities Begin program in 2020.

The Cawelo GSA is currently evaluating projects to install water treatment facilities that will allow the Cawelo GSA 
to acquire wastewater and treat it to a level that is safe for crop irrigation. Wastewater is exempt from SGMA 
regulation and the treated wastewater would be considered new water. There is a substantial volume of oilfield 
produced water (OPW), a byproduct of oil production, available in the vicinity of the Cawelo GSA. The salinity of 
OPW can range from moderate to high, although even the best quality still requires some level of blending with 
fresh water before it can be used on crops. Reverse osmosis or distillation would generally be needed to remove 
enough salts to make the OPW usable for irrigation. Near the Cawelo GSA, approximately 20,000 AFY of 
wastewater is injected into exempt groundwater aquifers well below the base of fresh water. The Cawelo GSA is 
evaluating potential projects to treat anywhere from 7,500 AFY to 20,000 AFY of OPW.

The treated OPW would be a new source of about 7,500 AFY to 20,000 AFY of water 
for irrigation.

CWD Friant Pipeline Project Construction in 2019.

The Cawelo GSA is currently developing the Friant Pipeline Project that would increase water
importation capacity into the Cawelo GSA area. Currently, the amount of imported water that the
Cawelo GSA can import into the area is limited by conveyance capacity, not by irrigation demand or
recharge basin capacities.
The Friant Pipeline Project would increase the total capacity by 100 cubic feet per second (cfs) and
connect Cawelo’s Famoso Recharge Basins directly to the Friant

-
Kern Canal. The increased capacity would allow 

greater access to high flow water and support banking programs with Friant Contractors.
The Friant Pipeline Project would result in an additional 1,500 AFY to 2,500 AFY of water brought into
the Cawelo GSA area on an average annual basis.

The Friant Pipeline Project would increase the total capacity into the Cawelo GSA by 
100 cfs and increase access to CVP high flow waters and allow for banking programs 
with Friant Contractors. It would result in an additional 1,500 AFY to 2,500 AFY of 
water brought into the Cawelo GSA area on an average annual basis.

CWD Poso Creek Flood Water Capture Target 2030 Implementation

The CWD has appropriative rights to divert water from Poso Creek, an ephemeral stream, when there are flows into 
the Cawelo GSA area. Additionally, there are downstream districts that also have subsequent appropriative rights 
and certain adjacent landowners that exercise their riparian rights. CWD also has additional diversion rights to divert 
supplementary water when high flows occur. The Poso Creek Flood Water Capture Project would consist of the 
construction of additional facilities to take advantage of those additional rights and divert supplementary water from 
the creek during times of high flow. In addition to making more water available to the Cawelo GSA, this capture of 
additional high flows could reduce potential downstream flooding impacts. Participation from downstream right 
holders would be needed due to potential water right impacts. The estimated net water gain is up to 150 AFY on 
average.

The Poso Creek Flood Water Capture Project would provide up to 150 AFY on 
average of additional water and could reduce potential downstream flooding impacts.

CWD Surface Water Storage Target 2030 Implementation

The Cawelo GSA has several existing reservoirs with a combined storage capacity of 800 AF. This project would 
consist of constructing a new 5,000 AF reservoir within the Cawelo GSA boundary. This would provide additional 
storage capacity to bring more water into the Cawelo GSA area during wet years. It is estimated that this new 
reservoir would provide approximately 500 AFY on average. This program would likely only be implemented 
conjunctively with other water management programs.

A new reservoir would provide approximately 500 AFY on average.

CWD Out of Cawelo GSA Banking Begin program in 2020.

The Cawelo GSA will evaluate groundwater banking projects that are outside the Cawelo GSA but within the Kern 
County Subbasin and also groundwater banking projects outside of the Kern County Subbasin. Potential banking 
projects outside of the Cawelo GSA are likely to have multiple participants and therefore offer a limited share of 
project benefits.

This Project could yield an average annual benefit of 500 AFY to 4,000 AFY through 
out of Cawelo GSA banking programs.

EWMA Project-1 Not yet initiated; Timetable TBD. Development of oilfield produced-water supplies to potentially reduce groundwater demand. Potential additional external source of water for the basin (annual volume TBD).

EWMA Project-2 Not yet initiated; Timetable TBD. Investigation of groundwater quality by compilation and analysis of (a) available water quality data, and (b) borehole 
geophysical data.

Improved HCM and understanding of 3-D distribution of TDS in specific aquifers or 
regions.

EWMA Project-3 Not yet initiated; Timetable TBD. Improved estimation of local (EWMA) native yield by use of additional field-collected data and analysis. Improved HCM and understanding of groundwater recharge in specific aquifers or 
regions.

EWMA Project-4 Not yet initiated; Timetable TBD. Construction of aquifer-specific monitoring wells in locations with data gaps, to better understand hydraulic heads 
and gradients. Improved ability to monitor groundwater conditions in specific aquifers or areas.

EWMA Project-5 Not yet initiated; Timetable TBD. Installation of pressure transducers in selected wells of the monitoring network, to collect high-resolution cost-
effective data. Improved ability to monitor groundwater conditions in EWMA.

EWMA Project-6 Not yet initiated; Timetable TBD. Surface runoff capture and enhanced infiltration in impoundments. Reduced groundwater pumping (annual volume TBD) to meet sustainability goals, as 
needed.

EWMA Management Action-7 Not yet initiated; Timetable TBD. Reduction of irrigated acreage, or modification of irrigation techniques or crop types to reduce water usage. Reduced groundwater pumping (annual volume TBD) to meet sustainability goals, as 
needed.

EWMA Management Action-8 Not yet initiated; Timetable TBD. Assess fees for groundwater use to encourage reduced pumping or curtailment. Reduced groundwater pumping (annual volume TBD) to meet sustainability goals, as 
needed.

EWMA Management Action-9 Not yet initiated; Timetable TBD. Establish a system of transferrable water credits. Reduced groundwater pumping (annual volume TBD) to meet sustainability goals, as 
needed.

Eastside Water Management Area
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EWMA Management Action-10 Not yet initiated; Timetable TBD. Legal and administrative review: effects of CEQA and water law on joint management of native yield. Clarification of constraints on sustainable groundwater management in EWMA.

KWB Temporary Lowering of Groundwater Levels Ongoing

KWB operations can cause a temporary lowering of groundwater levels in adjacent areas toward the end of 
extended droughts.  In order to mitigate the potential impacts that might arise from those temporary changes, DWR 
has developed mitigation measures for the project, which have now been coordinated with other adjacent water 
banking projects and incorporated into a Joint Operations Plan. The Joint Operations Plan designates measures to 
prevent, eliminate or mitigate significant adverse impacts resulting from project recovery operations. 

KWB Reduction of Groundwater Storage Ongoing
KWBA cannot recover water beyond those volumes previously stored less appropriate losses.  When storage 
accounts reach zero, recovery pumping will stop. Given due consideration to this mitigation measure, no other 
management actions are necessary

KWB Degraded Water Quality Ongoing
Groundwater monitoring from 1994 through 2018 indicates groundwater quality is not being degraded by KWB water 
banking activities, and in fact the removal of salts is benefitting the aquifer.  DWR developed mitigation measures to 
ensure that continued KWB operations do not degrade groundwater quality.

KWB Subsidence Ongoing
Subsidence has not occurred in over twenty years of KWB operations.  DWR has also concluded that subsidence is 
not likely to occur as the result of future operations.  Monitoring will continue, and if subsidence begins to develop 
appropriate mitigation measures will be developed.

KWB Project Not yet initiated. KWBA intends to construct an additional 1,025 acres of recharge basins. Project will allow KWBA capture more water in the future, furthering the conservation 
goals of SGMA.

KTWD Action 1: Modify District Pricing Structure ction 1 could be executed during the first 5 years of 
implementing the Plan (2020-2025).

The most affordable way to reduce groundwater pumping is to provide a pricing mechanism that causes 
groundwater to cost more than surface water. This could be accomplished by implementing a “groundwater charge” 
for every acre-foot pumped. Water Code §35533 provides the District the authority to collect groundwater charges. 
Revenue from the groundwater charge could be used to implement management actions or to reduce the cost to 
deliver surface water from the District.

5,580 AF/yr reduction in groundwater pumping.

KTWD Action 2: CRC Pipeline Project - Produced 
Water Project

The District and CRC are in the process of acquiring permits, 
preparing an anti-degradation analysis and acquiring a WDR 
from the Regional Board. Project pipelines have been 
designed and plan and profile drawings have been prepared. 
The District is negotiating an agreement with CRC and 
obtaining rights-of-way. The pipeline construction is 
expected to be completed prior to 2025.

The District has historically accepted produced water to provide surface water to the District and is in the process of 
obtaining an additional source of produced water from California Resources Corporation (CRC). Produced water 
from CRC will be transported through 12 miles of 15-inch pipeline to the Guzman Reservoir. From the Guzman 
Reservoir, water will be transported through 1.8 miles of 30-inch pipeline to the District’s existing Big 4 Reservoir, 
from which it will be blended with water from the Friant-Kern Canal and distributed in existing facilities to existing 
irrigated agriculture located within the District.

3,000 AF/yr of additional surface supplies (results in a reduction of 1,440 AF/yr in 
groundwater pumping).

KTWD Action 3: In-District Surface Storage

The project is still in the preliminary design phase and will 
require additional steps before construction. The District has 
selected two potential reservoir sites, completed exploratory 
borings, and conducted a geotechnical evaluation of the two 
potential sites. The District has yet to acquire land and rights 
of way, permits, environmental documentation, or project 
financing. It is estimated that these facilities will be 
constructed between 2025 and 2030 if they are determined 
to be feasible and found to be necessary.

There are times when affordable water supplies are available, but the District has little to no irrigation demand and 
no available spreading capacity in its existing out-of-district banking programs. Construction of off-stream surface 
storage will allow the District to acquire water when it is available and store it to meet future irrigation demands. The 
District has selected two potential reservoir sites with a total capacity of 8,000 AF to capture wet year water. The 
sites are located to the east of the District in both the north and south portions. A location map of facilities and 
detailed description is not provided due to the confidential nature of the property and rights of way acquisition.

Based upon annual water supply modeling herein, the project yields only 530 AF/yr. 
However, a monthly analysis will need to be conducted to provide a better estimate of 
project yield, which could be as much as 2,000 AF/yr (assumes the reservoirs are 
used once every 4 years).

NKWSD Calloway Canal Improvements: Lining Snow 
Rd. to 7th Standard Rd.

Calloway Canal Lining is an ongoing project. NKWSD is in 
the process of acquiring adequate funding to complete the 
next one-mile lining of the project. The proposed project 
schedule includes a start date of October 2019 and 
completion within 36-months.

Calloway Canal Improvements is part of NKWSD’s continued effort of the recently completed 1.1-mile long canal 
lining. The first phase of this project consists of concrete lining approximately 2,200 LF of currently unlined portion 
of the Calloway Canal to increase surface water reliability and prevent seepage.. Phase two of this project includes 
water delivery improvements (WDI) that consist of  installing magnetic flowmeters (or magmeters) at a total of 50 of 
the District owned production wells. Each magmeter will include a totalizer capable of measuring the volume of 
groundwater pumped through the wells. Further, water level sensors will also be installed in each of the 50 
production wells and four additional monitoring wells to quantify the depth-to-water data. Additionally, the District 
proposes to implement telemetry upgrades at each of the production well sites, each of the monitoring well sites, 
and 14 remote Terminal Unity (RTUs-used to measure canal levels) sites. The final part of the water delivery 
improvements integrating these sites with NKWSD’s Supervisory Control and Data Acquisition (SCADA) setup.

Lining the canal will reduce the irrecoverable losses that result when high quality 
surface water seeps to poor quality groundwater, which cannot be recovered for later 
use without substantial treatment. Reducing these losses enhances NKWSD’s 
capability to deliver increased volumes of water from the Kern River to irrigators for 
existing demand. The integration of the telemetry system with the SCADA setup will 
enable the District to control well operation and access their groundwater pumping 
data remotely. Water conserved by lining the canal and implementing WDI is 
estimated at 1,576 AFY.

North Kern Water District & Shafter-Wasco Irrigation District

Kern Water Bank Authority

Kern Tulare Water District
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NKWSD Expanded Water Banking Program

This program is an expansion of the District’s ongoing 
groundwater banking program.
Environmental documents are being prepared to carry out 
the program in a timely manner.

Due to historically low groundwater levels, requirements under SGMA, and potential reductions in its historical water 
supplies, NKWSD is proposing a new program to increase its existing conjunctive use (or water banking) facilities 
and subsequently expand these facilities. Phase I of this program would primarily rely on unused capacity in existing 
facilities which is available from time to time (with some additional conveyance) and would seek to increase the 
utilization of the District’s proven recharge and recovery assets. Phase II would involve the construction of additional 
direct recharge and recovery facilities to further expand water banking in the District. Both the District and District 
landowners will receive water supply benefits from this program.

Implementation of this program would bring additional water supplies that would help 
offset potential losses of the District’s historical supplies, support the District’s 
mission of maintaining economic pumping lifts for its landowners, and maintain 
supplies to be used for municipal and industrial purposes by the city of Shafter. 
Quantitative benefits include 50,000 AFY (Phase I) and 72,000 AFY (Phase II) for a 
total of 122,000 AFY of water for the District.

NKWSD
Groundwater Banking Conveyance 

Improvements to NKWSD Recharge and 
Recovery

NKWSD is in the process of acquiring adequate funding to 
complete this project. The proposed project schedule 
includes a start date of October 2019 and completion by the 
end of 2021.

The proposed project involves the drilling and equipping of three replacement wells and connecting two other deeps 
wells (five total) to NKWSD’s existing network to improve return capacity of recharged water for the District’s 
neighbors. Proposed project is to construct the necessary pipelines to connect five deep wells to the District’s 
recovery network system that improves the capacity to return water supplies multiple districts in the region during 
dry years.

Implementation of this project is anticipated to return previously stored water into the 
FKC and NKWSD’s conveyance system at a rate of approximately 27 cfs. This 
equates to a total estimated average of 1,660 acre-feet per month, or an annual 
capacity of 9,961 acre-feet per year for the
seasonal use of the wells (six months in a year) to improve the return capacity for the 
Poso Creek IRWM CVP Contractors to meet irrigation demands during a critically dry 
year. Two of the five wells will discharge into the District’s canals and the remaining 
three will connect to the District’s manifold pipeline, which ultimately discharges to the 
FKC.

NKWSD Beneficial Reuse of Oilfield Produced Water

This is an ongoing project. NKWSD is interested in 
expanding the amount of oilfield produced water being 
brought into the district; however, no decision has been 
made at this time.

Since 2015, NKWSD has made beneficial reuse of oilfield produced water by blending produced water with other 
surface supplies for irrigation use. The California Resources Corporation (CRC) discharges 58 acre-feet per day of 
produced water from CRC’s Kern Front Oil Field to NKWSD. The blended water is used directly for irrigation or is 
discharged to spreading basins in NKWSD for groundwater recharge.

Currently, this project has an important beneficial impact on water resources in the 
local area. One impact of the project is the annual recycling of up to 11,000 AF of 
oilfield produced water to the District. This flow is blended with other water sources 
and used for irrigation and groundwater recharge. Produced water increases the 
District’s water supply and partially replaces groundwater that would otherwise be 
pumped. During the winter season, produced water is discharged to the Rosedale 
Spreading Basins along with any available Kern River water to recharge groundwater 
supplies. This has the added benefit of decreasing the rate of groundwater decline 
and lowering pumping costs.

NKWSD SCADA Automation and Evapotranspiration 
Measurement Improvements

This is an ongoing project. The District is in the process of 
switching from SCADA to
Wonderware Software and plans to implement upon 
approval from Reclamation.

The proposed project includes the installation of Supervisory Control and Data Acquisition (SCADA) Automation 
software along with Evapo-transpiration (ET) measurement stations. This project is divided into two components, 
the purpose of the first component is to remotely monitor and control the District owned and operated groundwater 
wells and Canal level transmitters. The second component of this project is to install evapo-transpiration (ET) 
stations in strategic locations within the District. The District anticipates that the crop specific ET measurements will 
help the District and its growers to correlate the ET and the applied water with the crop yield.

With these modernization efforts, the District can automatically record the 
instantaneous groundwater pumping rate, depth to groundwater, canal level, water 
quality parameters, and ET
data.

NKWSD Poso Creek Weir

Currently, this project is in preliminary stages. This project is 
part of the projects planned to meet the sustainability goal of 
the District by 2040. NKWSD may implement this at any 
time over the planning horizon to reach its sustainability 
goal.

NKWSD plans to construct a weir on the Poso Creek Flood channel to divert water into their facilities. The District 
currently has an earthen plug that works to divert water; however, the plug is not reliable and has proven to be 
inefficient for the District. Implementation of this project will provide a more reliable management of flows, allow 
water to be measured as it is diverted, and reduce the velocity and sediment loading prior to diversion. Diverted 
water will be used to increase groundwater banking activities in NKWSD to help prevent further lowering of 
groundwater levels.

Construction of a weir will provide the ability to drop out sediment prior to flood water 
entering the District’s distribution system or direct spreading facility. By slowing the 
velocity and
allowing sediment to drop out, higher water quality is diverted into the district.

NKWSD Spreading Pond Facility No Data No Data No Data

RRID Expanded Recharge
Project is in the conceptual phase; however, the pre-existing 
conveyance pipeline allows for swift project implementation if 
needed. 

RRID will expand their recharge to include on-farm spreading to maximize recharge capability. To ensure adequate 
delivery of supplies, water delivery infrastructure improvements will be included in this project. Improvements to the 
CRC pipeline will be made before on-farm recharge occurs.

An estimated 6,000 AFY would be added to the already 5,000 AFY provided by CRC 
for the purposes of beneficial reuse.

RRID Allocation of Available NKWSD Supplies
This project is ongoing as NKWSD already allocates 
produced water to their facility; however, water spread in the 
Rosedale facility will now exclusively benefit RRID.

Oilfield produced water will be allocated to North Kern’s Rosedale spreading facility for RRID’s exclusive benefit.

SWID Diltz Intertie Lateral Piping and WMI

Design plan specifications have been completed for the 
proposed later improvements coinciding with the Diltz Intertie 
mainline design. Project is in its pre-construction phase and 
will be fully implemented in 2020.

The proposed project includes installing pressurized pipe laterals to connect the Diltz Intertie mainline to serve 380 
acres of irrigated land. Project will consist of a 1.5-mile long, 30 cfs, 36- inch diameter, bi-directional, intertie 
pipeline, which will allow for the efficient conveyance of surface water supplies to spreading ground facilities located 
in SWID.

Component 1 is expected to decrease groundwater pumping in the SWID by 
providing growers with pressurized surface water deliveries at a greater capacity and 
frequency. Decreased groundwater pumping in SWID will all for the recovery of 
groundwater elevations. This project will save 1,927 AFY of water following project 
completion.

SWID Bell Recharge Project

Project is currently in planning phase and still requires final 
pipeline alignment selection to begin other project 
components such as easement acquisition, final design, and 
bidding.

Implementation of this project includes the construction of a 12 cfs conveyance improvement along SWID’s existing 
distribution system that will allow CVP-Friant supply to be delivered from the FKC to the Bell Recharge site. Bell 
project will allow for delivery of surface water to the new Bell Recharge facilities form the CVP, for increased water 
storage.

Proposed Bell Project pipeline connection is anticipated to convey CVP wet period 
water into
SWSD at a rate of 12 CFS with estimated annual benefits of 1,728 AFY.
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SWID Kimberlina Recharge Project Already being implemented. To be completed by 2022. Construction of a 285-acre recharge site for CVP surface water. Water suuply augmentation of approximately 19,000 AFY

SWID Leonard Avenue Conveyance Improvement 
Project

Project is currently in planning phase and still requires final 
pipeline alignment selection to begin other project 
components such as easement acquisition, final design, and 
bidding.

This project involves the construction of 1.5 miles of pipeline to connect SWID with Semitropic Water Storage 
District (SWSD). Implementation of a new pipeline will provide SWID with the operational flexibility to absorb surface 
water when it is available for delivery to SWSD’s distribution system, connecting the supply to in-lieu and direct 
recharge facilities in SWSD, generally during wet periods, so that water delivered can later be recovered for 
irrigation in peak demand months, or dry periods.

When implemented, this project will provide added capacity to absorb surplus water 
from the CVP during wet periods. It is estimated that this project will capture 2,880 
AFY of surface
supply, predominately from the CVP surface floodwater conveyed via the FKC, 
through SWID
and into SWSD. Additional water absorbed into the groundwater basin will be split 
50/50 between SWID and SWSD. The total average annual water saving to SWID is 
1,440 AFY. Captured water will directly offset SWID’s reliance on San Joaquin River 
supplies to the Bay-Delta and help conserve local groundwater supplies.

SWID Improved Water Level Measurement of 
District Recharge Facility

This project is in the planning phase. Implementation of this 
project may begin as soon as 2020.

Proposed project includes the construction of a 400 to 500-feet deep, 8-inch diameter PVC monitoring well and the 
conversion of an existing older well to an 800-feet deep, 6-inch diameter monitoring well both equipped with both 
water-level sensors and located within the District’s recharge facility. Both monitoring wells will help manage and 
collection information on groundwater levels which can be used to document site performance as well as monitor 
the effects on the groundwater aquifer levels.

Implementation of this project will contribute to improving the district’s drought 
resiliency and preserving groundwater levels by monitoring groundwater levels in the 
facility and improving efficiency of recharge operations.

NKWSD Refinement of Water Budget Components Ongoing Improvement of monitoring and measurements to refine the accuracy of measurement or calculation of inflow and 
outflow components of district level water budget. Will also refine Subbasin Model and water budget.

This management action is conceptual; a volume of water associated with this 
management action has not been calculated.

NKWSD/SWID “Surface Water First” Incentive Program
This Management Action is in the preliminary stages of 
consideration by the districts. It has not been formally 
adopted but is under consideration.

Both NKWSD and SWID have access to imported surface water to supply their respective jurisdictional areas. 
However, there instances in which growers have historically opted to pump groundwater, rather than receiving 
deliveries of surface water from the district which services their properties. When this occurs, the district must either 
use that water for groundwater recharge or enter into exchanges with other districts (either in the KCS or in another 
basin). While this may be an economic decision for the grower, it has the potential to cause local impacts to 
groundwater in the district over the long-term. To prevent local impacts to groundwater due to the use of 
groundwater over available surface water, the districts may explore a fee structure in which growers with access to 
surface water may be assessed for the use of groundwater when surface water is available for use. The fees 
collected for such activities would be applied to the expansion of existing recharge projects or the development of 
new recharge projects to accommodate the additional surface water that would be brought into the district to replace 
the additional groundwater pumped.

A reduction of groundwater extraction would result from the implementation of this 
incentive program. The fees collected in this incentive program have not been 
quantified but would also provide a source of funding for the expansion of existing 
recharge or the development of new recharge projects within the districts.

NKWSD/SWID On-Farm Efficiency/Deficit Irrigation 
Practices Incentive Program

The provisions of the conservation laws are being complied 
with by both NKWSD and SWID. Ag water management 
plans, as required by SB 7, are being regularly updated by 
these districts for submittal to DWR. Plans will be updated to 
include the applicable requirements of AB 1668 and SB 606.

As agricultural water service providers, both NKWSD and SWID comply with all provisions of SB 7 (amending 
Division 6, Part 2.55 of the Water Code) passed into law in November 2009 regarding agricultural water 
conservation and management. Efficient management practices in the law, related to SGMA objectives, include 
volumetric water pricing, incentives for conjunctive use and increased groundwater recharge, and development of 
an overall water budget. AB 1668 and SB 606 passed in 2018 did not materially add to these objectives, save for 
those districts serving between 10,000 and 25,000 acres who must now prepare water management plans under the 
newer laws.

There are no direct benefits to be derived and quantified from compliance with the 
aforementioned agricultural conservation laws at the present time. The districts will 
continue to divert for beneficial use all local and imported water supplies to which it is 
entitled. Should agricultural demands for irrigation water diminish as a result of some 
of the conservation provisions, a larger portion of diverted supplies will be devoted to  
groundwater recharge in the future.

NKWSD/SWID On-Farm Recharge Activities Incentive 
Program

This Management Action is in the preliminary stages of 
consideration by the districts. It has not been formally 
adopted but is under consideration. 

In wet years, when the districts have utilized the full capacity of their respective recharge basins and spreading 
grounds, it may be necessary for the districts to seek other locations for the application of available surface water 
for groundwater recharge. The districts will develop an incentive program to encourage landowners to take delivery 
of available water that is in excess of customer demand and the districts’ capacity for recharge projects for 
application to fallow land and/or over-irrigation of crops to facilitate further groundwater recharge. Landowners will 
receive a groundwater credit in exchange for participation in this program, for their use within the district which has 
provided the water for on-farm recharge activities.

A increase of groundwater recharge would result from theimplementation of this 
incentive program.

NKWSD/SWID Subsurface Recharge Feasibility Study
This Management Action is in the preliminary stages of 
consideration by the districts. It has not been formally 
adopted but is under consideration.

Both NKWSD and SWID have been approached by landowners within their respective districts about the efficacy 
and use of subsurface recharge methods. While subsurface recharge is being tested in neighboring districts, neither 
NKWSD nor SWID have taken an official position on the use of such methods. Before the implementation of any 
program which would supply water to landowners for use in subsurface recharge practices, the districts will conduct 
a feasibility study to evaluate whether or not these practices are appropriate for the hydrogeologic conditions and/or 
land uses within their respective jurisdictions. The scope of the feasibility study is yet to be determined, but it will 
include an evaluation of subsurface recharge methods, the soil types located within each district, the effectiveness 
of subsurface recharge compared to other recharge methods, and its compatibility with existing land uses.

No benefits have been quantified for this Management Action at this time. Potential 
benefits gained through the use of subsurface recharge will be determined as a result 
of this Management Action.
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NKWSD/SWID Land Conversion from Agricultural Use to 
Urban Use

The conversion of land use from agricultural to urban is an 
ongoing process, the pace of which is determined by 
external factors such as the demand for land based on each 
city’s growth and need for additional housing and/or property 
to support business, industrial, or municipal use. The 
projected growth for each city is based upon the current 
General Plans and may be subject to change when the cities 
update their respective plans.

As described in the General Plans for the cities of Shafter and Wasco, anticipated population growth is expected to 
lead to changes in land use within the limits of each city and in the Sphere of Influence for each city. The conversion 
of land use from agricultural to urban use generally leads to an overall reduction in groundwater use due to the 
decreased demand, in terms of volume per unit area.

For NKWSD’s jurisdiction, there is an anticipated reduction of water by 2030, based 
on the conversion of land use as the city of Shafter expands. In SWID’s jurisdiction, 
the anticipated reduction of water by 2030 reflects the anticipated growth of both 
Shafter and Wasco.

NKWSD/SWID Urban Water Conservation Program

The cities of Shafter and Wasco are currently evaluating 
their respective compliance measures for indoor use and are 
awaiting additional information and guidelines concerning 
regional outdoor and landscape compliance measures. The 
cities presently are complying with the 2020 mandates 
contained in SB 7X-7 and as embodied in their respective 
UWMPs. As the SWRCB establishes its compliance 
deadlines for both indoor and outdoor usage, anticipated to 
occur by 2025, the municipal KGA Members will have a 
clearer picture of an implementation schedule.

As referenced in the Umbrella Basin Setting (Chapter 2), urban water usage in the future is
expected to comply with the conservation mandates contained in SB 606 and AB 1668, both bills signed into law in 
May 2018. Based on that legislation, indoor residential use is to be capped at 55 gpcd in 2019 and ramp down to 50 
gpcd by 2030, and outdoor residential use is to be capped in the future based on local climate and size of 
landscaped areas. Standards for outdoor usage are to be defined in a SWRCB rule-making process to be 
completed by June 2022.

Given the early implementation stages of AB 1668 and SB 606, its benefits in terms 
of reduced groundwater pumping by Shafter and Wasco can only be roughly 
approximated. The Pacific Institute, in its 2014 report “Urban Water Conservation and 
Efficiency Potential in Calif.” estimated that indoor usage could be reduced by 33-40 
gpcd, and that outdoor/landscape usage could be reduced by 20-50 gpcd. These 
values are on a statewide basis and likely unrealistic in some regions; however, the 
report postulates that total urban water usage could be reduced by as much as 30-
60%. Savings of this magnitude would represent a significant reduction in 
groundwater pumping by both cities. The Measurable Objectives to be partially met 
with additional urban conservation include groundwater level stabilization and, by 
proxy, groundwater storage stabilization.

SWID Mitigation Program for Potential Impacts to 
Domestic Wells Upon implementation of the law.

In coordination with other KGA members, develop a mitigation program to offer financial assistance for the 
replacement of domestic wells which are impacted by groundwater management to the proposed SMCs. Coordinate 
development of eligibility criteria for participation in mitigation program.

Since this management action is conceptual, a volume of water associated with this 
management action has not been calculated.

NKWSD/SWID In-District Allocation Structure

This Management Action is in the conceptual stages, having 
been discussed with various
stakeholder groups. However, an actual structures and fee 
schedules have yet to be devised for either district.

At the time of this draft of the GSP, neither NKWSD nor SWID have an established allocation structure and fee 
schedule for groundwater extraction. As SGMA is implemented throughout the KCS, the districts are required to 
manage to the Sustainable Management Criteria (SMCs). One of the ways to manage for the SMCs is to allocate 
the Sustainable Yield for their respective districts to the landowners within their districts. While the specifics of such 
an allocation structure may vary between the districts, a baseline groundwater extraction volume would be allocated 
to each parcel based on its size and the Sustainable Yield for the district. If a landowner were to extract more water 
than the baseline volume for that parcel or for the aggregate of all of their parcels within the district, they would be 
required to pay an extraction fee which would be applied toward projects and programs implemented by the district 
to reach and/or maintain sustainability.

The benefits to sustainable groundwater management have not been quantified at 
this time. However, the development and implementation of an allocation structure for 
each district would allow for the districts to utilize their Sustainable Yield as a 
management tool for reaching and maintaining their SMCs.

NKWSD/SWID Voluntary Land Fallowing
At this time, this Management Action is conceptual. The 
districts will develop their respective fallowing programs 
during the SGMA implementation period.

In the event of a drought, the districts may not be able to entirely meet in-district demand by
increasing the volume of imported water. The combination of decreased availability in surface water to supply to the 
district and decreased recharge from other sources in the subbasin has the potential to lead to violations of SMCs at 
the Representative Monitoring Sites, in the absence of decreased demand. To facilitate the districts’ ability to 
maintain sustainability at their respective monitoring sites, the districts will develop and implement their own 
voluntary land fallowing programs for their jurisdictions.

The decrease in water demand will be dependent upon the land being fallowed and 
its existing land use at the time of fallowing. Agricultural demand for water is generally 
estimated to be 3 AF/acre. Fallowing or land retirement would reduce the demand to 
zero for the lands participating in the program.

NKWSD/SWID Pumping Restrictions
At this time, this Management Action is conceptual. The 
districts will develop their respective processes to implement 
pumping restrictions within their jurisdictions.

In the event that the districts or the entire subbasin are nearing a condition where they are at risk of triggering an 
Undesirable Result, even with the implementation of the projects and
management actions described in this Plan, it may be necessary for the districts to limit
groundwater pumping. The volume of groundwater extraction permitted under this Management Action would be 
determined by the districts based on the Sustainable Yield for the district and the SMCs at the Representative 
Monitoring Sites.

Pumping restrictions based on the Sustainable Yield of the district, could decrease 
groundwater demand  if applied to NKWSD. If applied to SWID, pumping restrictions 
could decrease groundwater demand.

Pioneer Project 1: Participation in California 
WaterFix

Participation in California WaterFix is within the authority of 
KCWA as an SWP contractor and its decision to fully, 
partially or not participate would require coordination with its 
Member Units. 

California WaterFix may be implemented by DWR in partnership with the Delta Conveyance Design and 
Construction Joint Powers Authority (JPA) to increase the amount of water that can safely be diverted from the 
Delta by constructing a diversion in the upper Delta and conveying it through a tunnel(s) to the existing SWP and 
CVP pump stations. Under current operations, the SWP and CVP are unable to consistently deliver full contract 
amounts of water because of environmental and water quality concerns. Diverting a portion of Delta supplies at a 
point further upstream and further from the ocean would reduce water quality issues because the source water is 
high quality, and is less likely to cause seawater  intrusion in the lower Delta. It will also help reduce diversion-
specific impacts on the environment by reducing direct impacts of pumping on aquatic species, such as reversal of 
Delta flow and entrapment in screens on the diversion pumps (CNRA, 2018).

The new monitoring well cluster will address an identified data gap in the Pioneer 
GSA Area. The monitoring well cluster will also help Pioneer GSA evaluate 
maintenance of its sustainability goals and monitor groundwater conditions in that 
portion of the Pioneer GSA Area.

Pioneer Groundwater Sustainability Agency
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Pioneer Project 2: Install Monitoring Well in North 
Pioneer

Implementation of this project entails planning, permitting, 
design and currently, construction of the monitoring well 
cluster. KCWA and/or its consultants will secure necessary 
permits and plan, design and
construct the wells. KCWA will monitor the wells as part of 
normal Pioneer Project operations.

A data gap for groundwater monitoring north of the Kern River was identified during development of this Chapter 
GSP, and a monitoring well cluster is being constructed in the northwest triangle-shaped parcel of the Pioneer 
Project (i.e., the area of the GSA north of Kern River). The triangle shaped parcel is in the northwest portion of the 
North Pioneer Area, and does not include a recharge pond. This area is in the southeast quarter of section 6, T 
30S/R26E. The monitoring well cluster will allow groundwater monitoring at multiple depths using three separate 
boreholes.

The new monitoring well cluster will address an identified data gap in the Pioneer 
GSA Area. The monitoring well cluster will also help Pioneer GSA evaluate 
maintenance of its sustainability goals and monitor groundwater conditions in that 
portion of the Pioneer GSA Area.

Pioneer Management Action 1: Continued Balanced 
Pumping and Recharge

This management action would be accomplished through 
continuation of existing groundwater recharge and recovery 
operations. Surplus water would be banked either for 
overdraft recovery or future use. Banked groundwater would 
be used to supplement water supplies in dry years or during 
years of shortages

Continued balanced pumping and recharge is the standard operating procedure for the Pioneer GSA. Under this 
management action, long-term pumping would be balanced by long-term recharge activities in the Pioneer GSA 
Area. Pioneer GSA would continue to closely monitor water that is pumped from the Subbasin and water that 
recharges the Subbasin with the goal of a balanced groundwater budget over the long term.

The Pioneer Project is operated in a manner that results in more water being 
recharged than recovered from the Subbasin in the Pioneer GSA Area. Therefore, 
continuing operation of the Pioneer Project in the same manner would provide a net 
positive increase of groundwater volume in the Pioneer GSA Area. Full benefits of 
this management action would be evaluated through accounting of water recharge 
volumes
compared to groundwater pumping.

Pioneer

Management Action 2: Continued 
Participation in Basin-Wide Coordination 

with
other GSAs

This management action would be accomplished through 
continued attendance at KGA coordination meetings and by 
arranging periodic coordination meetings with the Kern River 
GSA, the Henry Miller GSA, the WKWD GSA and the Buena 
Vista GSA.  Meetings would be attended by one or more 
representatives of Pioneer GSA and may include the GSA 
manager or their designated staff. Decisions made in 
coordination meetings would not be binding until approved 
by the appropriate authority, such as the Pioneer GSA 
manager or by KCWA’s Board of Directors.

Pioneer GSA is one of 11 GSAs in the Subbasin. Sustainable management of the Subbasin as a whole requires 
coordination among GSAs and their respective GSPs. During development of the GSPs in the Subbasin, GSAs 
have been discussing sustainability thresholds, potential projects and management actions and specific issues and 
concerns. The KGA is a JPA composed of member agencies that was established in 2014 to develop and 
implement a groundwater management plan in the Subbasin and the neighboring Tulare Lake Groundwater Basin 
(KGA, 2017). This management action would involve attending monthly KGA manager and coordination meetings, 
as well as KGA stakeholder meetings, which are held as needed. Quarterly coordination meetings would be held 
with the Kern River GSA, and annual coordination meetings would be held with the Henry Miller GSA, the WKWD 
GSA and the Buena Vista GSA.

This management action would continue existing coordination activities between GSA 
managers, and help to build and maintain  relationships with neighboring GSAs. 
Through coordination activities and ongoing communication, potential conflicts among 
GSAs regarding groundwater management would be mitigated because GSAs would 
better understand the challenges facing each other and how these challenges are 
being addressed. It will also provide an opportunity for GSAs to inform each other of 
potential issues that may require intra-Subbasin coordination, and to inform 
neighboring GSAs of management actions and projects under way that may affect 
decisions of other GSAs.

Pioneer
Adaptive Management Strategy: Increase 
Surface Spreading Losses from 6 to 10 

Percent

Coordination would be initiated by KCWA with the Pioneer 
Project Participants.

Under the Pioneer Project Participation Agreement , all surface water diverted to the Pioneer Project for spreading is 
assessed a 6 percent loss factor. All losses assessed are non-recoverable. This provision was set up to "prevent, 
eliminate or mitigate significant adverse impacts" resulting from project recovery operations. The intent of losses 
assessed is to assist in mitigating impacts to adjoining entities. This adaptive management strategy would explore 
feasibility of increasing the fixed loss rate from 6 percent to a fixed loss rate of 10 percent.

This adaptive management strategy would provide KCWA and the Pioneer Project 
Participants an understanding of the feasibility of increasing lossess assessed to 
diverted surface water. If increasing losses is deemed feasible, it would provide the 
Pioneer Project and the opportunity to mitigate and avoid undersirable results and 
support the for sustainability indicators relevant to the Pioneer GSA as follows: 
chronic lowering of groundwater levels (direct), reduction of groundwater storage 
(proxy), degraded water quality (proxy), and subsidence (proxy).

RRBMA West Basin Improvements
RRBWSD purchased the properties in 2009 2015. Project 
construction was
completed in 2016

The improvement of existing recharge ponds and development of an additional 50 acre project west of Bakersfield 
designed to recharge, store and recover water to provide a cost

-
effective and reliable water supply for landowners 

within the RRBWSD.

This project has the potential to recharge up to 5,000 AF of water in wet years. This 
could provide the RRBWSD with up to 1,000 AFY.

RRBMA Stockdale East Groundwater Storage and 
Recovery Project

RRBWSD purchased the property in 2010. Project is 90% 
complete, it will be operational by 2020.

Project is a developed 200 acre project west of Bakersfield designed to recharge, store and recover water to provide 
a cost

-
effective and reliable water supply for landowners within the RRBWSD.

This project has the potential to recharge up to 25,000 AF of water in wet years. This 
could provide the RRBWSD with up to 4,000 AF per year on average. 

RRBMA Pilot Projects These continued GRAT projects could be on-line as early as 
2025. 

In 2017 the RRBWSD developed four pilot recharge projects under which it leased properties for temporary 
recharge activities.  Since that time the District has invested in a Groundwater Recharge Assessment Tool (GRAT) 
in order to identify similar projet sites in the future. 

Approximately 10,000 AF was recharged during that year of implementation in these 
four projects. The GRAT implementation could provide RRBWSD up to 2,000 AF per 
year. 

Rosedale Rio Bravo Management Area
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RRBMA Onyx Ranch
The project is currently undergoing a feasibility and 
environmental analysis. The project could be on

-
line as early 

as 2025.

The RRBWSD owns several parcels of land and the associated water rights for the Onyx Ranch and the Smith 
Ranch. These parcels are located along the South Fork of the Kern River in the Kern River Valley, in and around the 
communities of Weldon and Onyx, in an unincorporated area of northeastern Kern County. These parcels together 
comprise the 4,109.18

-
acre project site. The RRBWSD is currently conducting an analysis of a proposed change in 

the point of diversion and place of use of the water rights associated with these parcels so that the water can be 
delivered in the RRBWSD service area on the San Joaquin Valley floor and used for irrigation and groundwater 
recharge. The project would reduce the diversion of water on the project site and convert the irrigated fields to lower 
water use crops, or allow the fields to return to their native vegetative state. With the proposed project, RRBWSD 
would allow the water that would have been diverted on the project site to remain in the South Fork of the Kern 
River and flow downstream. This could result in a net increase in flows within the South Fork of the Kern River, and 
the Isabella Reservoir where the water would be released through the Isabella Dam and flow downstream in the 
lower Kern River until the water is diverted at the RRBWSD diversion point. From there, the RRBWSD would deliver 
the water to recharge basins and channels within and near its service area west of the City of Bakersfield (City) in 
unincorporated Kern County within the San Joaquin Valley.

The net increase in water supplies to the RRBWSD’s service area as a result of the 
proposed project would help mitigate the shortages in RRBWSD’s contracted State 
Water Project (SWP) water supply from the State of California, which has steadily 
reduced due to  environmental constraints in the Sacramento/San Joaquin Delta. The 
proposed project would provide the  RRBWSD with approximately 6,500 AF per year.

RRBMA James Groundwater Storage and Recovery 
Project

Rosedale and Buena Vista Water Storage District jointly 
purchase the property in 2011. Current project status is 
feasibility and environmental analysis. This project could be 
online as early as 2025.

The James Groundwater Storage and Recovery Project is a proposed 2,070 acre project in southwest Bakersfield 
designed to recharge, store and recover water to provide a cost

-
effective and reliable water supply for landowners 

within the RRBWSD (and elsewhere).

This project has the potential to recharge up to 150,000 AF of water in wet years. This 
could provide the RRBWSD with up to 3,000 AF per year.

RRBMA Kern Fan Groundwater Storage Project. Project status is feasibility analysis. This project could be 
on

-
line as early as 2030.

The District has evaluated a conceptual Kern Fan Groundwater Storage Project (Kern Fan Project). This project 
would serve to develop a regional water bank in the Kern Fan to capture and store Article 21 water via the State 
Water Project (SWP) during conditions when surface water is abundant. A twophased approach would be taken to 
the development of the Kern Fan Project. The first phase would be to develop a project site, including the purchase 
of approximately 640 acres of land in the Kern Fan area. The first phase would also include constructing 
conveyance facilities, recharge facilities, and recovery facilities as necessary to develop a fully functioning water 
banking project. The second phase of the Kern Fan project would involve acquiring an additional 640 acres of land 
for expansion of the water banking facilities and developing the associated recharge and recovery facilities.

This could provide the RRBWSD with up to 10,000 AFY.

RRBMA Western Rosedale In

-
Lieu Service Area

Project status is shovel ready; feasibility and environmental 
analysis is complete. This project could be on

-
line as early 

as 2035.

The Western Rosedale Lands In Lieu Service Area Project (the Project) includes construction and operation of up to 
ten miles of water conveyance pipelines, including appurtenant facilities (such as pumps and valves), and a joint 
service area agreement between RRBWSD and BVWSD in order to provide surface water to agricultural water 
users within the portion of RRBWSDs service area located
westerly of Interstate 5 in close proximity to Buena Vista Water Storage Districts East Side Canal.

This could provide the RRBWSD with up to 1,000 AFY.

RRBMA Ten Section Water Recharge Project No implementation date is known at this time. The owners of Ten Section located within the South of the River Monitoring Zone are currently studying the 
feasibility of a 200+ acre groundwater recharge, storage and recovery project.

It is estimated that approximately 2,200 AF/month could be recharged into the 
aquifer.

RRBMA Water Charge Demand Reduction This management action could be on line as early as 2025.
The Water Charge would be expected to result in demand reduction in the RRBWSD. For market reasons it is 
probable that landowners will opt to fallow ground in order to trade water supplies to other District landowners, as 
well as fallow lands (or limit double cropping) to avoid the Water Charge all together.

With an agricultural water consumptive use demand of about 84,000 AF per year we 
conservatively expect a 5% demand reduction as a result of the water charge which 
results in about 4,000 AFY of reduced demand

RRBMA RRBWL (White Land) Water Supplies and 
Demand Imbalance Reduction

This management action could be on

-
line

as early as 2020.

White Lands (non RRBWSD lands) within the RRBMA that are not used for groundwater banking will correct the 
water supply imbalance on a linear basis over the planning period of 2020

-
2040. Like RRBWSD lands, the white 

lands will start with the native yield of 0.15 AF/acre. The total annual demand for white lands in the RRBMA is about 
10,307 AFY with a water supply imbalance (or deficit) of 3,618 AFY. The average agricultural demand is 2.6 
AF/acre according to METRIC studies. While agricultural demands in the White Lands range from 1.4

-
4.9 AF/acre 

the initial allowable demand will be the average demand of 2.6 AF/acre. It is expected that white lands would seek 
to acquire water supplies for in

-
lieu and direct groundwater recharge via banking agreements with RRBWSD or 

others to offset demands.

Demand reduction will occur as follows over the 2020

-
2040 period; the imbalance will 

be reduced by 1/20 of the current imbalance each year (5%). This approach will result 
in about 217 AF of imbalance reduction each year and 2,170 AFY by 2030 and a total 
of 4,335 AFY by the 2040 sustainability planning period.

RRBMA RRBWD 3rd Party Recharge and Storage 
Program This management action could be on

-
line as early as 2020.

The RRBWSD will assist 3rd parties (white lands, districts, and private parties) in recharging water supplies for use 
in the RRBMA or other down gradient areas in the Kern Sub

-
basin. RRBWSD would offer existing conveyance and 

recharge facilities in exchange for a portion of the imported water supply and payments of yet

-
to

-
be developed costs 

and/or fees.

It is expected that the RRBWSD would provide this service in exchange for 20 33% of 
the imported water supply and that an average amount of 5000 AFY would be 
imported. This management action could bring an additional supply of 1,250 AFY to 
RRBDL lands.

Southern San Joaquin Municipal Utility District
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SSJMUD In-District Spreading and Recovery Facility
SSJMUD is in the process of purchasing land and applying 
for construction funding. Once these steps are complete, the 
District will implement this project immediately.

This project will include construction of 80-acres of spreading ponds and the installation of two recovery wells within 
district boundaries. The proposed recharge ponds have an anticipated annual capacity of 3,240 AFY. Prior to this 
project, the district has not had any in-district direct recharge facilities. Implementation of this project will allow 
SSJMUD the opportunity to capitalize on wet period storage of CVP supplies and allow them to bypass less 
favorable out-of-district banking agreements to store water that would increase the District’s and the subbasin’s 
water reliability and drought resiliency.

The proposed recharge ponds have an anticipated annual capacity of 3,240 AFY. 
Estimated amount of water to deliver to recharge is at least 4,200 AFY. If the 
available surplus is delivered to an out-of-district facility, it is expected that North Kern 
will keep one-third of the water as part of banking agreements and SSJMUD will 
realize an average water benefit of 2,800 AFY. Captured water will directly offset the 
District’s reliance on the San Joaquin River supplies to the Bay-Delta and help 
conserve local groundwater.

SSJMUD SSJMUD and Semitropic Schuster Intertie This project is in the conceptual stage of development and is 
included in the 2019 Poso Creek IRWM Plan Update.

The proposed project is to construct an intertie in coordination with SWSD. This pipeline will allow for SSJMUD to 
bank or return water to Semitropic previously delivered to Semitropic’s groundwater banking program. SSJMUD 
could deliver wet period water from the FKC for groundwater banking to Semitropic or return water for irrigation 
purposes during dry years. This Project removes the need to involve a third-party in an agreement with Semitropic 
for banking since it establishes a direct connection to return water to SSJMUD from Semitropic, thereby increasing 
operational flexibility and reliability to deliver previously stored water from groundwater storage at times of drought.

Considering the frequency of surplus 'Other Water' in the Central Valley Project and 
the existing design limit of 50 cfs, the Project will allow for an expected average 
annual amount of 3,622 AF to be put into storage with 1,811 AF credited to SSJMUD 
for return. Given that recently the
District became a member of the Poso Creek Integrated Regional Water 
Management Group (IRWM) in spring 2016, interties such as this pipeline were 
identified as the first step in the District’s efforts towards banking water with their 
neighboring districts to add drought resiliency.

SSJMUD SSJMUD and CWD Intertie Pipeline This project is in the conceptual stage of development and is 
included in the 2019 Poso Creek IRWM Plan Update.

SSJMUD and CWD propose to construct a bidirectional intertie connecting their respective water conveyance 
systems. This pipeline is a regional opportunity to improve flexibility, reliability, and conjunctive use of water 
supplies.

The estimated annual yield of this project is approximately 50 to 500 AF, depending 
on the selected project size. Project size will be determined by greatest benefit 
yielded that is economically feasible and sustainable.

SSJMUD SSJMUD and North Kern WSD 9-28 Intertie 
Pipeline

This project is in the planning stage of development, in 
conjunction with NKWSD, and is defined in the Poso Creek 
IRWM Plan.

Project proposal includes the construction of the 9-28 Intertie pipeline with NKWSD. This pipeline will allow for the 
return of CVP Class I, Class II, and surplus floodwater that was previously delivered to the District’s groundwater 
banking partner (NKWSD) from the FKC for groundwater banking or irrigation purposes during wet years. The 
pipeline is the conveyance mechanism for return of previously stored water to the District during dry years. This 
project removes the need to involve a third-party in an agreement with North Kern for banking since it established a 
direct connection to return water to SSJMUD from NKWSD, thereby increasing operational flexibility and reliability to 
deliver previously stored water from groundwater storage during times of drought.

This project would allow for SSJMUD to better capture and utilize wet period supplies 
by increasing the District’s capacity to return banked wet period water during dry 
periods. Considering the frequency of surplus Other Water in the Central Valley 
Project, the Project will allow for an expected annual amount of 10,000 AF to be put 
into storage with 6,667 AF credited to SSJMUD for return. The pipeline capacity to 
return water from North Kern to SSJMUD is 4,284 AFY, which will require roughly 1.5 
years to return the water for each 10,000 AF of water banked and 6,667 AF credited.

SSJMUD Southeast Delano Spreading Grounds

This project is in the planning stage of development. 
SSJMUD has already begun the process of developing a 
CEQA document to assess the potential impacts of the 
construction and operation of spreading grounds in the areas 
identified by the district.

SSJMUD proposes the purchasing of land holdings, with possible partnering agencies (to be identified later), in and 
around the eastern most portion of the District. The District is currently exploring the potential for capturing excess 
surface water deliveries in the FKC. Excess surface supply, or those flows beyond the quantity of water that 
satisfies immediate water demand, typically occur in wet years where precipitation in applicable watersheds is large 
enough to induce surface water available above Class I contract supplies. Potential captured flows consist of water 
which is currently discharged during wet year and flood conditions.

Implementation of this project has the potential for contributing water supplies to 
SSJMUD, the City of Delano (which qualifies as a DAC), and Poso Creek IRWM 
water users. Specifically, SSJMUD will use a portion of these captured flows to offset 
their groundwater use in dry years
by moving the surplus water to this banking facility using either the Friant Kern Canal 
or other existing  infrastructure. Wet year water supplies captured in the spreading 
grounds and storage locations will be utilized by SSJMUD, City of Delano, and 
potentially other Poso Creek
stakeholders, during years where other water supplies are limited.

SSJMUD City of Delano Spreading Grounds

This project is in the planning stage of development. 
SSJMUD has already begun the process of developing a 
CEQA document to assess the potential impacts of the 
construction and operation of spreading grounds in the areas 
identified by the district.

SSJMUD proposes identifying and evaluating potential land suitable for developing recharge basins, with possible 
purchase with private and/or public partnering agencies within the City of Delano. The purpose of this project is to 
capture surface water deliveries that are delivered through the FKC. Excess available surface supply, or those flows 
beyond the quantity of water that satisfies immediate water demand within a service area, typically occurs in wet 
years when precipitation in contributing watersheds is large enough to induce surface water available above
Friant Class 1 contract supplies. Potential flows to capture consists of water which is currently discharged during 
wet years, during flood conditions and for water that needs to be delivered due to changes in timing to meet 
environmental water management goals for the San Joaquin River Restoration.

Implementation of this project has the potential for contributing water supplies to 
SSJMUD, the City of Delano (which is classified as DAC), and Poso Creek IRWM 
water users. Specifically, SSJMUD will use a portion of these captured flows to offset 
their groundwater use in dry years
by moving the surplus surface water to this banking facility from the FKC or other 
existing infrastructure. Wet year water supplies captured in the spreading grounds 
and storage locations will be utilized by SSJMUD, City of Delano, and potentially 
other Poso Creek stakeholders,
during years where other water supplies are limited.

SSJMUD Pond Road Spreading Grounds

This project is in the planning stage of development. 
SSJMUD has already begun the process of developing a 
CEQA document to assess the potential impacts of the 
construction and operation of spreading grounds in the areas 
identified by the district.

SSJMUD proposes identifying and evaluating potential land holdings to be purchased, with possible private and/or 
public partnering agencies. The District is currently exploring the potential for capturing excess surface water 
deliveries in the Friant-Kern Canal. Excess surface supply, or those flows beyond the quantity of water that satisfies 
immediate water demand, typically occur in wet years where precipitation in applicable watersheds is large enough 
to induce surface water available above Class 1 contract supplies. Potential captured flows consist of water which is 
currently discharged during wet year and flood conditions.

Implementation of this project has the potential for contributing water supplies to 
SSJMUD, the City of Delano, and Poso Creek IRWM water users. Specifically, 
SSJMUD will use a portion of these captured flows to offset their groundwater use in 
dry years by moving the surplus water to this banking facility using either the 
California Aqueduct or other existing infrastructure. Wet year water supplies captured 
in the spreading grounds and storage locations will be utilized by SSJMUD, City of 
Delano, and potentially other Poso Creek stakeholders, during years where other 
water supplies are limited.
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SSJMUD In District Spreading Grounds

This project is in the planning stage of development. 
SSJMUD has already begun the process of developing a 
CEQA document to assess the potential impacts of the 
construction and operation of spreading grounds in the areas 
identified by the district.

SSJMUD proposes identifying and evaluating potential land holdings to be purchased, with possible private and/or 
public partnering agencies. The District is currently exploring the potential for capturing excess surface water 
deliveries in the FKC. Excess surface supply, or those flows beyond the quantity of water that satisfies immediate 
water demand, typically occur in wet years where precipitation in applicable watersheds is large enough to induce 
surface water available above Class 1 contract supplies. Potential captured flows consist of water which is currently 
discharged during wet year and flood conditions.

Implementation of this project has the potential for contributing water supplies to 
SSJMUD, the City of Delano, and Poso Creek IRWM water users. Specifically, 
SSJMUD will use a portion of these captured flows to offset their groundwater use in 
dry years by moving the surplus water to this banking facility using either the 
California Aqueduct or other existing infrastructure. Wet year water supplies captured 
in the spreading grounds and storage locations will be utilized by SSJMUD, City of 
Delano, and potentially other Poso Creek stakeholders, during years where other 
water supplies are limited.

SSJMUD Conversion of Dairy to Recharge Facility

This project is in the conceptual stage of development, with 
potential sites being evaluated based on data available 
through the RWQCB’s GAMA Geotracker program, the 
district’s recharge feasibility study, and other state and local 
agencies.

SSJMUD proposes identifying and evaluating potential purchase of a dairy, with possible private and/or public 
partnering agencies. The District is currently exploring the potential for capturing excess surface water deliveries in 
the FKC. Excess surface supply, or those flows beyond the quantity of water that satisfies immediate water 
demand, typically occur in wet years where precipitation in applicable watersheds is large enough to induce surface 
water available above Class 1 contract supplies. Potential captured flows consist of water which is currently 
discharged during wet year and flood conditions.

Implementation of this project has the potential for contributing water supplies to 
SSJMUD, the City of Delano, and Poso Creek IRWM water users. Specifically, 
SSJMUD will use a portion of these captured flows to offset their groundwater use in 
dry years by moving the surplus water to this banking facility using either the 
California Aqueduct or other existing infrastructure. Wet year water supplies captured 
in the spreading grounds and storage locations will be utilized by SSJMUD, City of 
Delano, and potentially other Poso Creek stakeholders, during years where other 
water supplies are limited.

SSJMUD “Surface Water First” Incentive Program
This Management Action is in the  preliminary stages of 
consideration by the districts. It has not been formally 
adopted but is under consideration.

SSJMUD has access to imported surface water to supply its jurisdictional area. However, there instances in which 
growers have historically opted to pump groundwater, rather than receiving deliveries of surface water from the 
district which services their properties. When this occurs, the district must either use that water for groundwater 
recharge or enter into exchanges with other districts (either in the KCS or in another basin).

An estimated reduction of 1,800 AFY of groundwater extraction would result from the 
implementation of this incentive program. The fees collected in this incentive program 
have not been quantified but would also provide a source of funding for the expansion 
of existing recharge or the development of new recharge projects within the districts.

SSJMUD On-Farm Efficiency/Deficit Irrigation 
Practices Incentive Program

The provisions of the conservation laws are being complied 
with by both NKWSD and SWID. Ag water management 
plans, as required by SB 7, are being regularly  updated by 
these districts for submittal to DWR. Plans will be updated to 
include the applicable requirements of AB 1668
and SB 606.

As an agricultural water service provider, SSJMUD complies with all provisions of SB 7 (amending Division 6, Part 
2.55 of the Water Code) passed into law in November 2009 regarding agricultural water conservation and 
management. Efficient management practices in the law, related to SGMA objectives, include volumetric water 
pricing, incentives for conjunctive use and increased groundwater recharge, and development of an overall water 
budget. AB 1668 and SB 606 passed in 2018 did not materially add to these objectives, save for those districts 
serving between 10,000 and 25,000 acres who must now prepare water management plans under the newer laws.

There are no direct benefits to be derived and quantified from compliance with the 
aforementioned agricultural conservation laws at the present time. The districts will 
continue to divert for beneficial use all local and imported water supplies to which it is 
entitled. Should agricultural demands for irrigation water diminish as a result of some 
of the conservation provisions, a larger portion of diverted supplies will be devoted to 
groundwater recharge in the
future.

SSJMUD On-Farm Recharge Activities Incentive 
Program

This Management Action is in the preliminary stages of 
consideration by the districts. It has not been formally 
adopted but is under consideration.

In wet years, when the district has utilized the full capacity of their respective recharge basins and spreading 
grounds, it may be necessary for the districts to seek other locations for the application of available surface water 
for groundwater recharge. The district will develop an incentive program to encourage landowners to take delivery of 
available water that is in excess of customer demand and the district’s capacity for recharge projects for application 
to fallow land and/or over-irrigation of crops to facilitate further groundwater recharge. Landowners will receive a 
groundwater credit in exchange for participation in this program, for their use within the district which has provided 
the water for on-farm recharge activities.

An estimated increase of 1,200 AFY of groundwater recharge would result from the 
implementation of this incentive program.

SSJMUD Conversion of Agricultural Land to Urban 
Use

The conversion of land use from agricultural to urban is an 
ongoing process, the pace of which is determined by 
external factors such as the demand for land based on each 
city’s growth and need for additional housing and/or property 
to support business, industrial, or municipal use. The 
projected growth for each city is based upon the current 
General Plans and may be subject to change when the cities 
update their respective plans.

As described in the General Plans for the cities of Delano and McFarland, anticipated population growth is expected 
to lead to changes in land use within the limits of each city and in the Sphere of Influence for each city. The 
conversion of land use from agricultural to urban use generally leads to an overall reduction in groundwater use due 
to the decreased demand, in terms of volume per unit area. The City of Delano and the surrounding areas have a 
projected increase of 2,100 acres in urban use; the City of McFarland and its surrounding areas have a projected 
increase of 1,100 acres.

For SSJMUD’s jurisdiction, there is an anticipated reduction of 900 AF of water by 
2030, based on the conversion of land use as the cities of Delano and McFarland 
expand. By 2040, the projected reduction is 1750 AF.

SSJMUD Urban Water Conservation Program

The cities of Delano and McFarland are currently evaluating 
their respective compliance measures for indoor use and are 
awaiting additional information and guidelines concerning 
regional outdoor and landscape compliance measures. The 
cities presently are complying with the 2020 mandates 
contained in SB 7X-7 and as embodied in their respective 
UWMPs. As the SWRCB establishes its compliance 
deadlines for both indoor and outdoor usage, anticipated to 
occur by 2025, the municipal KGA Members will have a 
clearer picture of an implementation
schedule.

As referenced in the Umbrella Basin Setting (Chapter 2), urban water usage in the future is expected to comply with 
the conservation mandates contained in SB 606 and AB 1668, both bills signed into law in May 2018. Based on that 
legislation, indoor residential use is to be capped at 55 gpcd in 2019 and ramp down to 50 gpcd by 2030, and 
outdoor residential use is to be capped in the future based on local climate and size of landscaped areas. Standards 
for outdoor usage are to be defined in a SWRCB rule-making process to be completed by June 2022.

Given the early implementation stages of AB 1668 and SB 606, its benefits in terms 
of reduced groundwater pumping by Delano and McFarland can only be roughly 
approximated. The Pacific Institute, in its 2014 report “Urban Water Conservation and 
Efficiency Potential in Calif.” estimated that indoor usage could be reduced by 33-40 
gpcd, and that outdoor/landscape usage could be reduced by 20-50 gpcd. These 
values are on a statewide basis and likely unrealistic in some regions; however, the 
report postulates that total urban water usage could be reduced by as much as 30-
60%. Savings of this magnitude would represent a significant reduction in 
groundwater pumping by both cities. The Measurable Objectives to be partially met 
with additional urban conservation include groundwater level stabilization and, by 
proxy, groundwater storage stabilization.
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SSJMUD In-District Allocation Structure

This Management Action is in the conceptual stages, having 
been discussed with various stakeholder groups. However, 
an actual structures and fee schedules have yet to be 
devised for either district.

At the time of this draft of the GSP, SSJMUD does not have an established allocation structure and fee schedule for 
groundwater extraction. As SGMA is implemented throughout the KCS, the districts are required to manage to the 
Sustainable Management Criteria (SMCs) established in Section 5 of this Chapter GSP. One of the ways to manage 
for the SMCs is to allocate the Sustainable Yield for their respective districts to the landowners within their districts. 
The allocation structure would allow for the transfer of groundwater pumping credits within each district’s jurisdiction, 
provided that it does not lead to localized impacts to at the Representative Monitoring Sites defined in Sections 4 
and 5 of this Chapter GSP.

The benefits to sustainable groundwater management have not been quantified at 
this time. However, the development and implementation of an allocation structure for 
each district would allow for the districts to utilize their Sustainable Yield as a 
management tool for reaching and maintaining their SMCs.

SSJMUD Voluntary Land Fallowing
At this time, this Management Action is conceptual. The 
district will develop its fallowing program during the SGMA 
implementation period.

In the event of a drought, the district may not be able to entirely meet in-district demand by increasing the volume of 
imported water. The combination of decreased availability in surface water to supply to the district and decreased 
recharge from other sources in the subbasin has the potential to lead to violations of SMCs at the Representative 
Monitoring Sites, in the absence of decreased demand. To facilitate the district’s ability to maintain sustainability at 
its monitoring sites, the district will develop and implement a voluntary land fallowing program.

The decrease in water demand will be dependent upon the land being fallowed and 
its existing land use at the time of fallowing. Agricultural demand for water is generally 
estimated to be 3 AF/acre. Fallowing or land retirement would reduce the demand to 
zero for the lands participating in the program.

SSJMUD Pumping Restrictions
At this time, this Management Action is conceptual. The 
district will develop its process to implement pumping 
restrictions within the plan area.

In the event that the districts or the entire subbasin are nearing a condition where they are at risk of triggering an 
Undesirable Result, even with the implementation of the projects and management actions described in this Plan, it 
may be necessary for the district to limit groundwater pumping. The volume of groundwater extraction permitted 
under this Management Action would be determined by the district based on the Sustainable Yield for the district 
and the SMCs at the Representative Monitoring Sites.

The benefits of mandatory pumping restrictions have not yet been quantified, as the 
guidelines for such a management action have not been established.

SWID - 7th 
Standard

Evaluation of Potential to
Utilize SWID Kimberlina
Ponds for Recharge or other
Facilities

Status: Conceptual, have begun initial discussions;
Initiation: 2020-2024
Completion: Ongoing
Accrual of Benefits: Annual-basis

SWID operates the Kimberlina Ponds groundwater recharge facility. The Annex Area will evaluate opportunities with 
SWID to utilize Kimberlina Pond storage capacity for recharge. The Annex Area will evaluate opportunities to 
purchase non-SWID water for recharge in the Kimberlina Ponds facilities, when the Ponds have unused capacity 
(i.e., likely in nonwet and non-drought years).

Up to 4,500 AFY of imported supply, in combination with other recharge projects. 
Increased groundwater levels.

SWID - 7th 
Standard

Evaluation of Potential to Partner in Kern 
Fan Groundwater Storage Project

Status: Conceptual, have begun initial discussions with 
RRBWSD;
Initiation: 2030
Completion: 2035
Accrual of Benefits: 50 years after construction

The Kern Fan Groundwater Storage Project is under development by RRBWSD and would serve to develop a 
regional water bank in the Kern Fan to capture and store Article 21 water via the State Water Project (SWP) during 
conditions when surface water is abundant. The Annex Area could potentially become a funding partner in this 
project and have access to recharge and storage capacity in the Project.

Up to 4,500 AFY of imported supply, in combination with other recharge projects. 
Increased groundwater levels.

SWID - 7th 
Standard

7th Standard Annex Management Area 
Storage Pond Project

Status: Conceptual, have begun initial discussions with 
RRBWSD;
Initiation: 2030
Completion: 2035
Accrual of Benefits: 50 years after construction

This project would improve water supply reliability and groundwater conditions in the Management Area. Benefits of 
developing a groundwater recharge facility within the Mangement Area include effective conveyance of surface 
water supplies when they are available, facilitation of water banking and exchange arrangements, and avoidance of 
direct water quality impacts. A conveyance mechanism, such as the Flat Rocks Canal would be necessary to bring 
such water to the Mangement Area.

Up to 1,463 AFY of recharge capacity for purchased surface water within the 
Management Area (assumes 320-acre basin). Increased groundwater levels.

SWID - 7th 
Standard

Identify Opportunities to
Utilize Existing Infrastructure

Status: Conceptual, have begun initial discussions; 
Initiation: 2020-2024       
Completion: ongoing      
Accrual of Benefits: annual

Several entities in the vicinity of the Annex Area have existing groundwater recharge infrastructure, which have 
unused capacity, particularly in nonwet years. The Annex Area will evaluate potential opportunities with these 
entities to utilize the unused capacity for recharge of purchased water.

Up to 4,500 AFY of imported supply, in combination with other recharge projects. 
Increased groundwater levels.

SWID - 7th 
Standard

On-Farm Groundwater
Recharge

Status: Conceptual, have begun initial discussions; 
Initiation: 2020-2024       
Completion: ongoing      
Accrual of Benefits: annual

In May 2019, the SWID Board adopted a new Buried Recharge policy that will allow for on-farm water banking, 
which will allow Annex Area landowners to purchase and recharge non-SWID water on their own properties, as well 
as those within the original SWID boundary.

Up to 4,500 AFY of imported supply, in combination with other recharge projects. 
Increased groundwater levels.

SWID - 7th 
Standard Flat Rock Canal Extension

Status: Conceptual, have begun initial discussions;
Initiation: 2030
Completion: 2035
Accrual of Benefits: 50 year period following construction

The Management Area will assess the feasibility of this project and seek partnership with other interest entities. This 
project would provide connection from the Annex Area to the Kern Water Bank Canal, Cross Valley Canal, and 
Goose Lake Slough. Phase 1 of this project is to distribute Kern River water to the north using gravity from Goose 
Lake Slough.

Improve ability to delivery surface water supplies to the District for irrigation or 
recharge. Benefits to neighboring entities, who would be key partners in this regional 
project.

SWID - 7th 
Standard

Develop New Interconnections Within 
SWID's Conveyance System (and Improve 
"Bottleneck" Issues)

Status: Conceptual, will require evaluation of options and 
benefits;
Initiation: TBD
Completion: TBD
Accrual of Benefits: TBD

The Annex Area can work with SWID to increase the capacity and flexibility
of SWID's current conveyance system, to allow access to additional supplies.

Improve operational flexibility within the SWID conveyance system to allow for 
increased capacity to accept surface water supplies when available.

SWID - 7th 
Standard

Increased Recycled Water
Deliveries and Recharge

Status: In discussions for increased purchases;
Initiation: In progress
Completion: Anticipated 2019-2020
Accrual of Benefits: Annual

Secondary-treated municipal wastewater is from the North of the River Sanitary District is currently used for 
irrigation and infiltrated into groundwater within the Annex Area. The Annex Area is discussion options to increase 
recycled water deliveries and recharge of groundwater with secondary-treated wastewater within the Annex Area. 
Growth rate is projected at 2% and output expected to increase to 14,000 AFY.

Up to 8,180 AFY of treated effluent (based on project increased WWTP flows), to be 
used for irrigation to offset groundwater demand.

Shafter-Wasco Irrigation District - 7th Standard
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SWID - 7th 
Standard On-farm Water Conservation

Status: not yet initiated;
Initiation: Upon stakeholder interest
Completion: TBD
Accrual of Benefits: 1-3 years after initiation

The NRCS is offering landowner incentive programs to assist in implementing various conservation activities, 
including but not limited to: irrigation system improvements, water/nutrient/pest management, and pump engine 
replacement. Interested landowners can call (661) 336-0967 or visit the website (www.ca.nrcs.usda.gov) for more 
information.

Reduce on-farm water demands.

SWID - 7th 
Standard

Voluntary Rotational Land
Fallowing Program

Status: not yet initiated;
Initiation: Upon approval of funding mechanism
Completion: Anticipated 2020-2024
Accrual of Benefits: 1 years after initiation

In order to reduce demand within the Management Area, this project would incentivize landowners to fallow their 
previously farmed lands voluntarily on a rotational basis. This potential project would be implemented on a voluntary 
rotational basis. Incentives have not yet been established, but would be anticipated to be funded by the Annex Area 
landowners through the same funding mechanism used for other SGMA related activities.

Up to 1,443 AFY of reduced water demand (assumed 430 acres fallowed per year).

SWID - 7th 
Standard

Education of Groundwater
Use per Acre

Status: not yet initiated;
Initiation: Upon GSP implementation
Completion: Until overdraft ends/other
programs initiated
Accrual of Benefits: 1 year after initiation

This program would provide groundwater users an expected groundwater volume, as an education tool, prior to 
enforcement actions on groundwater allocations, with the goal of providing awareness of overdraft conditions. This 
information would be provided in an annual letter, along with average crop demand, GSA average extraction, GW 
overdraft, and reminders of GSA powers and authorities.

Reduce on-farm water demands.

SWSD Landowner Water Budgets Under Development; Initiation expected 2020. Establish individual water budget for landowners by landowner classes Water demand reduction of an estimated 60,000 af total (3,000 af/yr to 2040)

SWSD Tiered Pricing for Groundwater Pumping Not yet started; to be implemented in 2020 after 
implementation of MA 1

Develop pricing structure to incentize groundwater users to manage
groundwater extractions to MA1 water Budgets Water demand reduction consistent with MA1 (Landowner Water Budgets)

SWSD District Fallowing Program Not yet started; to be implemented in 2020 after 
implementation of MA 1

Support land fallowing as a District action and by individual landowners or
groups of landowners. Water demand reduction consistent with MA1 (Landowner Water Budgets)

SWSD Enhanced Groundwater Recharge Status is ongoing and expected to be initiated in 2020 upon 
adoption of Semitropic GSP. 

Development of surface and subsurface recharge projects underlying
developed agricultural lands to increase groundwater recharge capacity Water supply augmentation up to 20,000 af average annual

SWSD Evaluation and Assessment of GDEs within 
the Semitropic Area

Not yet started; Expected to be initiated in 2020 upon 
adoption of Semitropic GSP. 

Conduct additional analysis to verify the prescence and extent of GDE's in the Semitropic and, if present, develop 
appropriate monitoring protocols.

SWSD Brackish Water Desalination Initiated planning; expected to be initiated in 2022 upon 
completion of environmental and regualtory requirements. 

Development of a braackish water treatment facility to treat locally sourced
brackish water for District use. Expected water supply augmentation of 1,800 af/year

SWSD In-District Water Markets and Transfers Not yet started; Expected to be initiated in 2022 upon 
adoption of Semitropic GSP. District will allow for the development of market for in-district transfers Water supply augmentation TBD. 

SWSD Poso Creek MAR Upon completion of feasibility and
permitting requirements; Expected initiation in 2020 Development of floodwater capture and recharge program ffrom Poso Creek flood flows Water supply augmentation of 1,200 af average annual

SWSD Tulare Lake Project Under Development since 2018; Initiated upon completion of 
water rights determination Development of conveyance facilities to divert Kings River flood flows for direct use and recharge in the SWSD Water supply augmentation of 70,000 af average annual

SWSD Water Market Acquititions Status is ongoing and expected to be initiated in 2020 upon 
adoption of Semitropic GSP. Increased participation in state-wide water markets for spot market and long-term water transfers Water supply augmentation of 4,000 af average annual

SWSD Stored Water Recovery Unit Initiated; 2025 Upon approve by SWSD BOD and 
identification of funding Development of water storage to expand in-lieu service areas Increases capacity & flexibility of conveyance for recharge

SWSD Pond-Poso Spreading Grounds, Phase II Inititated; Upon adotion of Semitropic SWSD; 2020. Development of spreading facililiteis to increase groundwater recharge capacity Increases groundwater recharge capacity

SWSD Pond-Poso Entrance Ponds Initiated; 2025 upon approval by SWSD BOD and 
identification of funding. Development of spreading facililiteis to increase groundwater recharge capacity Increases capacity & flexibility of conveyance for recharge

SWSD Multi-District Conveyance (CA to Friant-Kern 
Canal)

Ongoing; Implementation upon approval by SWSD BOD and 
identification of funding. Development of a conveyance system to deliver surface water for groundwater recharge and irrigation Increases capacity & flexibility of conveyance for recharge

SWSD Schuster Spreading Grounds Not yet started; Expected initiation 2030 upon approval by 
SWSD BOD and identification of funding Development of spreading facililiteis to increase groundwater recharge capacity Increases groundwater recharge capacity

SWSD Leonard Avenue System Inititated 2019; Upon adotion of Semitropic SWSD. Development of an intertie system to provide east to west surface water conveyance to for supply in groundwater 
dependent areas Increases capacity & flexibility of conveyance for recharge

SWSD Diltz Intertie Ongoing 2018; Upon adoption of Semitropic SWSD. Connection of an intertie to provide surface water converyance for agricultural irrigation Increases capacity & flexibility of conveyance for recharge

SWSD Cox Canal Ongoing 2018; Upon adoption of Semitropic SWSD. Developed canal for the conveyance of surface water for groundwater recharge Increases capacity & flexibility of conveyance for recharge

SWSD Stored Water Recovery Unit- XYZ Ongoing 2019; Upon adoption of Semitropic SWSD. Increases capacity & flexibility of conveyance for recharge

Semitropic Water Storage District

Tejon-Castac Water District Management Area
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TCWDMA Conversion of Granite Quarry
to Sycamore Reservoir

The timeframe for initiation and completion of this P/MA are 
not certain, but presumably would begin once the Granite 
Quarry facility ceases operations, which is anticipated in one 
to four years. Construction duration is to-be-determined.

This P/MA entails repurposing of the Granite Quarry excavation into a storage reservoir upon cessation of mining 
operations at the facility which is expected in the next one to four years. The P/MA is being considered and 
developed in conjunction with Arvin-Edison Water Storage District (AEWSD), and the source of water to fill the new 
reservoir would likely be surplus imported surface water, brought to the reservoir by AEWSD during wet years, with 
possible additional contribution from local stormflow runoff. In addition, TCWD may choose to store some of its 
State Water Project water supplies in the facility at times, supplies which would be wheeled through the AEWSD 
canal system. The facility is anticipated to serve as a storage basin for water added to it, as well as a location for 
recharge.

AEWSD has estimated the net benefit of this P/MA to be approximately 2,500 acre-
feet (AF) of increased storage capacity (which aids in delivery flexibility for AEWSD), 
and between 3,000 and 6,000 acre-feet per year (AFY) of increased recharge. As a 
secondary benefit, recharge of imported surface water would likely have a positive 
effect on local groundwater quality.

TCWDMA Recharge of Carrot Wash Water
The status of this P/MA currently underway, and the 
timeframe to accrual of benefits is likely on the order of one 
year.

Tejon Ranchcorp (TRC) recharges carrot wash water generated at a nearby carrot processing facility to a 75.5-acre 
parcel located just outside of the TCWD MA (Township 32S Range 30E Section 6). The site, which has been in 
operation since 2016, receives carrot wash water from a nearby carrot processing facility which is discharged to a 
set of recharge ponds. A total of over 1,000 AF has been recharged at these ponds between 2016 and early 2019. 
This project is anticipated to continue in the future, and results in a local recharge benefit. A production well may be 
installed in the future at the site to allow for recovery of recharged groundwater.

Based on the amount of water recharged since operations began in 2016, the annual 
benefit from this P/MA is estimated at approximately 300 AFY.

WKWD Project 1: Automatic Meter Reading Project

The circumstance of implementation for this project would be 
current conditions, once funding is secured or committed 
and the project approved by WKWD’s Board of Directors, it 
could be implemented.

In 2015, WKWD began installing AMR systems for all industrial and outlying customers. To further achieve 
sustainability goals, WKWD would install AMR systems on the remainder of its primarily residential customer 
meters. The AMR system selected by WKWD for its industrial and outlying customers uploads data every 24 hours 
to a website where customers can access their accounts and view
water use data, compare their current water use to their historical water use, and receive leak alerts.

AMR provides potential water savings through early leak detection and increased 
awareness of water use among customers. Upgrading meters also reduces 
unaccounted-for losses related to accuracy degradation
in older meters. WKWD estimates that AMR will save an average 8 percent of water 
for each metered connection, based on savings experienced by nearby agencies. The 
City of Sacramento had an average 4 percent water savings based on a pilot AMR 
project, while the Golden Hills Community Services District realized 12 percent in 
average savings (WKWD, 2014). WKWD’s 2015 UWMP shows residential water use 
ranges between 2,169 AF in 2015 to a projected high of 2,597 AF in 2040, and 
applying the projected 8 percent conservation, anticipated water savings from this 
project is estimated to be 173 to 208 AFY (WKWD, 2016). Conservation achieved by 
the AMR project would be measured by the reduction in water deliveries to customers 
with AMR meters.

WKWD Project 2: Participation in California 
WaterFix Long-term

California WaterFix is intended to address the challenges of pumping water from the Delta by diverting water 
upstream of the current diversion points and conveying it to existing pump stations for the SWP and the Central 
Valley Project (CVP). Under current operation, the SWP and CVP are unable to consistently deliver state and 
federal water contractors their full contract supplies. California WaterFix is intended to address some of the 
conditions that impact the ability to export water from the Delta.

The primary benefit of this project would be the increased reliability of imported water 
supplies and to expand groundwater banking opportunities to meet customer 
demands. Additional supplies could be 1) banked in WKWD’s recharge facilities, 2) 
used for GWE protection if monitoring shows unexpected declines in elevation, or 3) 
transferred to neighboring agencies to help offset groundwater pumping in the 
Subbasin.

WKWD Project 3: Buena Vista Recreation Area 
Water Supply Management Coordination

Implementation of this project is already underway and is 
likely to remain an ongoing project until such time as the 
BVARA no longer requires water from the GSA area.

BVARA is in and adjacent to the WKWD GSA area. The 1,585-acre BVARA is home to two manmade lakes, Lake 
Webb and Lake Evans, boating facilities, playgrounds and volleyball courts, camp sites, and picnic areas. The lakes 
lie outside of the GSA area but the park facilities such as picnic areas, restrooms, and parking areas are within the 
GSA area. When constructed, the lakes had a combined storage capacity of over 6,800 AF. Shoreline camping and 
picnic areas are landscaped with grass and are irrigated during the dry season (County of Kern Parks and 
Recreation Department, 2019). With no outlet, water from the lakes either evaporates or percolates into the 
groundwater basin. Kern County pumps groundwater from wells located within the GSA area to supplement losses 
at the lake. Supplemental water delivered to the lakes is not metered and is not included in WKWD GSA’s water 
balance.

Managing water supply for the BVARA would include a focused effort on monitoring 
pumping in that portion of the GSA area, and identifying which projects or 
management actions are needed to eliminate undesirable results in the Subbasin. 
Securing additional supplemental supplies would reduce the potential impacts to 
groundwater levels, storage, and water quality for this portion of the GSA area. 
Improved management of the BVARA water supply would also support ongoing use 
of the BVARA, a popular recreation area. The project does not have a directly 
measurable benefit unless implementation actions arise from these meetings.

WKWD Management Action 1: Continued Balanced 
Pumping and Recharge

The circumstance of project implementation would be 
current conditions and would remain unless
conditions indicated a different management approach was 
needed to achieve sustainability indicators.

Continued balanced pumping of groundwater and recharge of imported supplies has and will continue to be the 
operational norm for WKWD. Under this management action, recharge and recovery activity will continue to be 
monitored closely by WKWD to maintain balanced conditions.

This management action would allow WKWD to continue operating groundwater 
recharge and recovery in balance, resulting in a long-term net-zero balance in the 
Subbasin for the areas under WKWD’s control.

WKWD Management Action 2: Implement Water 
Shortage Response Plan

The circumstance of implementation for this project would be 
times of water shortage, supply interruption, or drought, as 
declared by WKWD’s Board of Directors. Implementation 
would cease when shortages are no longer being 
experienced, and as approved by the WKWD’s Board of 
Directors.

WKWD’s Water Shortage Response Plan (WSRP) is incorporated into the 2015 UWMP and includes triggers for 
when the WSRP would be implemented. The WSRP describes management actions and use restrictions that would 
be implemented if water shortages were declared. Because current operation of groundwater recharge and recovery 
in the GSA area has shown a long-term increase in banked groundwater, and normal water years are projected to 
have a surplus of supply that can be banked, it is not expected that the WSRP would go into effect during normal or 
wet years. During extended dry periods, groundwater pumping would increase, and WKWD would use banked 
supplies to meet demands in excess of available imported and surface water supplies.

The WSRP is designed to reduce customers’ overall water use by implementing 
restrictions on when and how water may be used. As a result, implementation of this  
management action would reduce overall demand, which offsets demand for imported 
water and groundwater. Each Response Level is designed to help achieve a specific 
conservation target, and would reduce overall demands between 0 and 6,900 AF (i.e., 
0- to 50 percent conservation) (Table 8-3). Conservation achieved by this 
management action would be measured by the reduction in metered water deliveries
after this management action is implemented.

West Kern Water District
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WKWD Management Action 3: Continued 
Participation in Basin-Wide Coordination

The circumstance of implementation for this project is 
ongoing.

The WKWD GSA is one of 11 GSAs in the Subbasin. Coordination among these GSAs is necessary for sustainable 
management of the Subbasin as a whole and has been ongoing during development of their respective GSPs. 
Coordination during GSP development has included regular in-person meetings and calls to discuss sustainability 
thresholds, potential projects and management actions, and to discuss
specific issues and concerns. As described in this Chapter GSP, the KGA is developing an Umbrella GSP for the 
Subbasin, while the other GSAs in Kern County are developing Chapter GSPs.

This management action would continue existing coordination activities among GSA 
managers, helping to build and maintain relationships with neighboring GSAs. 
Potential conflicts between GSAs regarding groundwater management would be 
reduced because GSAs would better understand the challenges experienced in each 
GSA area, and how these challenges are being addressed. Coordination meetings 
will also provide an opportunity for GSAs to inform each other of potential issues that 
may require intra-Subbasin coordination to address, and to notify neighboring GSAs 
of management actions or projects that might affect a decision made by another 
GSA.

WKWD Adaptive Management Strategy 1: Taft 
Recycled Water Program

This project would be implemented through an agreement 
between WKWD, the City of Taft, and FCTHSD.

The Taft Recycled Water Program would create up to 423 AFY of tertiary recycled water suitable for Title 22-
approved applications for recycled water. This project would be implemented in partnership between WKWD, the 
City of Taft, and the Ford City-Taft Heights Sanitation District (FCTHSD). WKWD provides water within the WKWD 
GSA area, but sanitation services are provided by the City of Taft and FCTHSD, which jointly own the Taft 
Wastewater Treatment Facility (WWTF). The Taft WWTF currently produces undisinfected secondary effluent that 
is suitable for and applied to feed crops, specifically alfalfa. This effluent is not suitable for wider recycled water use, 
but through upgrade to tertiary treatment, it could be used more widely for non-potable applications, such as 
landscape irrigation, which currently use potable water to meet demands (WKWD, 2018).

The project would create up to 423 AFY of tertiary recycled water, offsetting an equal 
volume of potable water (WKWD, 2018). Available and unused potable water is 
currently banked for future use during imported and surface water supply shortages. 
This project would both reduce demand for groundwater pumping during dry years 
and allow for additional water to be banked during wet years. Tertiary recycled water 
would be a local supply with high supply reliability, even during drought years. The 
volume of water offset by this project would be measured by quantifying the amount 
of tertiary recycled water both
produced and delivered.

WKWD
Adaptive Management Strategy 2: Shift 
Balance of Pumping between North and 

South Wellfields

Implementation would require easy-to-implement operational 
changes and could be implemented quickly once triggered.

In 2010, WKWD’s North Wellfield (wells within the North Project Management Area) was constructed in response to 
falling groundwater levels at the South Wellfield (wells within the South Project Management Area). Despite a 
surplus of banked groundwater, local levels at the South Wellfield showed a trending decline associated with 
groundwater recovery activities. A single wellfield for recovery activities also limited WKWD’s operational flexibility. 
To combat these two management challenges, the North Wellfield was constructed along with additional recharge 
basins. Under current operation of the two wellfields, 11,300 AFY are pumped from the South Wellfield and 12,700 
AFY are pumped from the North Wellfield. The North Wellfield has an annual pumping capacity of 24,000 AFY 
(WKWD, 2010).

This adaptive management strategy would reduce groundwater pumping in a 
localized area, allowing water levels in that area to recover or to decline less sharply 
during times of drought. Minimizing groundwater level declines reduces the potential 
for localized subsidence and long-term decrease in groundwater storage capacity. It 
also helps to maintain well efficiency, allowing for improved wellfield longevity. Local 
recovery of GWEs would be determined by standard monitoring activities that are part 
of regular wellfield management. Local groundwater level recovery from this strategy 
would be measured
by monitoring of groundwater levels in the vicinity of the two wellfields.

WKWD
Adaptive Management Strategy 3: 

Implement Permanent Demand 
Management Measures

As needed

According to the 2016 WSRP, Response Level 1 is ongoing, and all water use restrictions are strictly voluntary. 
These actions only become mandatory if a Response Level 2 is declared, which requires a declaration by the 
WKWD’s Board of Directors. This adaptive management strategy would convert the Response Level 1 actions in 
the WSRP from voluntary to mandatory. These water restrictions would
require a 25 percent reduction in large landscape watering from 2007 levels, prohibit water waste, and reduce non-
contracted industrial water use by 15 percent from 2007 levels. WKWD may choose to implement these or a 
different set of permanent demand management measures as appropriate at the time this adaptive management 
strategy is approved.

Project benefits are expected to be like those achieved under Management Action 2 
(Implement WSRP), though they will have long-term benefits because they are 
permanent measures rather than temporary ones under the WSRP. Conservation 
achieved by this management action would be measured by the reduction in metered 
water deliveries after this management action is implemented.

WDWA Collect Representative Hydrogeologic Data

The PMA No.1 will be implemented beginning with 
acceptance of the MNP, and directly support WDWA 
MT/MOs by providing foundational data to monitor and 
manage adaptive management projects that are designed 
and implemented to ameliorate the potential for significant 
reduction of ground water elevations and groundwater in 
storage

Historically, because of the brackish and naturally degraded quality of groundwater in the WDWA, growers have 
relied almost exclusively on surface water from the SWP for their irrigation needs. Groundwater is used primarily for 
blending when annual SWP deliveries are less than expected. As a result, there is currently little representative 
hydrogeologic data in the WDWA. This lack of data represents a significant data gap that must be addressed in 
order to refine the current understanding of the WDWA Conceptual Hydrogeologic Model, including key elements 
such as groundwater elevations, pumping and changes to groundwater in storage and the overall water budget.

The ability to generate representative data for use in updating water budget elements; 
Improved numerical groundwater modeling results; and Better forecasting and 
planning of adaptive management projects and  management actions.

WDWA Water Resource Coordination

The implementation of the disparate Water Resource 
Coordination Programs vary, some as described above are 
already in place and ongoing. Others, like a KCS

-
wide 

coordination program would likely begin with planning during 
the first five

-
year reassessment period after KCS Plan 

implementation. Coordination between the WDWA and its 
immediately adjacent GMAs would likely be structured to 
begin with meetings shortly after Plan approval.

The member growers in the WDWA have historically made significant investment in efficient irrigation technologies 
and methods that promote water conservation and sustainable management. They have also coordinated amongst 
themselves as individuals or via the various Water Districts to implement focused reduction demand measures, 
trade or purchase surplus water when deliveries from the SWP have been reduced. It is assumed that these 
effective ad hoc arrangements will continue after Plan implementation. In addition, the WDWA will work 
cooperatively and in close consultation with its members, the KGA and adjacent GMAs to coordinate water resource 
monitoring, testing and future water trading as part of its overall strategy for the sustainable management of all its 
available water resources.

More reliability and flexibility in water availability; Drought resiliency; and Sustainable 
water strategies for both short

-
 and long

-
term planning horizons.

WDWA
Conjunctive Reuse of Naturally Degraded 

Brackish
Groundwater

Preliminary planning for a Project Engineering FS for the first 
phase of the project has already begun. It is expected there 
will be at a minimum two phases of distributed treatment 
facility construction.

To further enhance the sustainable and adaptive management strategies for the Westside, the WDWA is evaluating 
the feasibility of an innovative phased project that will integrate the treatment and conjunctive reuse of naturally 
degraded brackish groundwater and oilfield produced water for multiple beneficial uses.

When operational, the Project will result in multiple potential beneficial uses, including 
many of the “One Water” concepts enumerated in the State’s California Water Action 
Plan.

Wheeler Ridge-Maricopa Water Storage District

Westside District Water Authority



Entity Project Title Implementation Status Description Benefits
Table 4-1.  Kern Groundwater Authority List of Projects and Management Actions

WRMWSD On Farm Recharge Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020 Study and implement on farm recharge where viable. approx. 2,000 AFY (10,000 AF every five years)

WRMWSD In District Banking Facilities Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020 Program to promote private and/or District owned banking facilities within the District. approx. 2,000 AFY (10,000 AF every five years)

approx. 2.75 AFY per acre of land converted to basins

WRMWSD Increase Out of District Banking Operations Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020

Increase size/participation in out of District banking facilities (i.e., Kern Water Bank and Pioneer Project). Increased 
banking of wet year supplies outside of the District would support deliveries of imported water into the District in 
normal/dry years.

TBD; depends on recharge basin area

WRMWSD Expand District Distribution
System Not yet initiated; TBD Project to expand District distribution system into area currently using only private groundwater. approx. 2,000 AFY

WRMWSD Purchase Additional Supplies Ongoing Continue purchase of additional supplies, as available, for banking outside of the District or direct delivery within the 
District. Increase purchases by 5,000 AFY

WRMWSD Desalination Facilities Not yet initiated; TBD Desalination facilities to allow for use of additional poor quality groundwater for agricultural use, easing demand on 
principal aquifer.

No net supply augmentation, but minimizes local GW
pumping impacts

WRMWSD "Thru Delta" Facility State-led effort underway Particpation of some sort of "Thru Delta" Facility to increase access to contracted (SWP) supplies. up to 25,000 AFY

WRMWSD Acreage Assessment Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020

Set policy to implement an acreage assessment to fund purchase of additional supplies, purchase of land for 
fallowing, and other investments to support SGMA compliance.

WRMWSD Groundwater Allocation and
Market

Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020

Develop a groundwater pumping allocation methodology, including a market system for trading and/or transfering of 
allocations.

WRMWSD Voluntary Pumping Limitations Not yet initiated; To be implemented upon adoption of 
WRMWSD GSP Chapter - 2020 Set non binding pumping limitations in conjunction with a fee for pumping above limits. up to 21,000 AFY

WRMWSD Mandatory Pumping Limitations Not yet initiated; 2030 Set binding pumping limitations in conjunction with a fee for pumping above limits. up to 21,000 AFY

WRMWSD Land Retirement Not yet initiated; 2035 Purchase and permanently fallow previously irrigated acreage within District to reduce overall water demand and 
groundwater extractions. up to 21,000 AFY
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7 PROJECTS AND MANAGEMENT ACTIONS TO ACHIEVE SUSTAINABILITY GOAL  

Multiple projects and management actions have been identified for planning and implementation to 

support the KRGSA sustainability goal. In particular, the projects and actions center around conjunctive 

use, a cornerstone of the sustainability goal of the KRGSA. The projects and actions also have been 

defined in the context of the sustainability goal of the Kern County Subbasin, which is to: 

 Achieve sustainable groundwater management in the Kern County Subbasin through the 

implementation of projects and management actions at the member agency level of each GSA  

 Maintain its groundwater use within the sustainable yield of the basin through as demonstrated by 

monitoring and reporting groundwater conditions 

 Operate within the established sustainable management criteria, which are established based on 

the collective technical information presented in the GSPs in the Subbasin. 

 Collectively bring the Subbasin into sustainability and to maintain sustainability over the 

implementation and planning horizon.  

Projects involve substantial efforts that provide either an increase in water supply or a reduction in 

demand for the KRGSA. Actions provide a framework for groundwater management including 

establishing GSP policies and filling data gaps.  

Projects and actions are categorized as Phase One or Phase Two, depending on the timing and 

circumstances of implementation. Phase One projects and actions will begin implementation during the 

first five years of the GSP. Some Phase One project benefits should be evident by the five‐year update of 

this GSP, scheduled for 2025. Implementation of some project elements will extend into the second or 

third five‐year periods (to 2035). Phase Two projects and actions involve additional activities that could 

be considered, as needed, for future sustainable management. These projects and actions will begin 

implementation after the 2030 five‐year update, as needed. Additional project and actions may be 

identified at that time as needed to achieve the KRGSA and Subbasin sustainability goals.  

7.1 PHASE ONE PROJECTS  

The KRGSA already has under its control sufficient Kern River and imported SWP water to achieve 

sustainability under a variety of future demand scenarios. By using all of its Kern River entitlement (less 

obligations) conjunctively with imported water and recycled water supplies, the KRGSA intends to 

implement six Phase One projects that collectively provide: 

 Increases in recharge and banking to offset potential future deficits and avoid overdraft 

 Decreases in municipal and agricultural pumping 

 Optimal conjunctive management of surface water and groundwater resources 

 Improvements in drinking water quality for disadvantaged communities 

 Mitigation for the potential of land subsidence in disadvantaged communities. 
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Three water supply projects have been identified to meet potential future deficits in the historical and 

projected water budgets, thereby reducing the potential for future overdraft conditions while providing 

adequate supply to support projected demands. One project provides for demand reduction with 

increased urbanization of former agricultural lands. Two water quality projects provide improvements to 

drinking water quality for disadvantaged communities (DACs) in the KRGSA.   

A summary of the six water supply projects is provided in Table 7‐1 and described in the following 

sections.  

Table 7‐1: Phase One Project Summary for KRGSA GSP 

Project  Description 
New KRGSA 

Water Supply 

Water Allocation Plan 

KDWD plans to use its full Kern River entitlement as 

prioritized in its Water Allocation Plan (WAP) for 

the Agricultural MA. The WAP total average supply 

has been corrected for planned sales to NKWSD.  

20,797 AFY 

Kern River Optimized 

Conjunctive Use 

The City plans to use its full Kern River entitlement, 

less current obligations, to mitigate undesirable 

results for water levels and water quality in the 

Urban MA. 

89,619 AFY 

Expand Recycled Water 

Use in the KRGSA 

The City will increase recycled water use inside of 

the KRGSA from its WWTP No. 3 in 2026 when a 

contract for use outside of the KRGSA expires 

(about 72% is currently used outside of the KRGSA).  

11,556 to 13,407 

AFY  

Conversion of 

Agricultural Lands to 

Urban Use 

Approximately 10,000 acres of current KRGSA 

agricultural lands is expected to be urbanized; this 

future urban demand is already included in the 

projected water budget, so 100% of this agricultural 

water use represents a demand reduction. 

27,000 AFY 

ENCSD North 

Weedpatch Highway 

Water System 

Consolidation 

Up to six small water systems in the northeast 

KRGSA will be consolidated into the ENCSD system 

for benefits to drinking water quality, including to 

disadvantaged communities (DACs). 

No new supply; 

improved water 

quality to DACs 

Possible Water 

Exchange 

KRGSA member agencies can perform exchanges of 

surface water and groundwater for benefits to 

water quality, including to DACs 

No new supply; 

improved water 

quality to DACs 

 

As indicated in Table 7‐1, Phase One projects provide about 148,972 AFY to 150,823 AFY of additional 

water supply to the KRGSA. As discussed in Section 4.7.2 and summarized in Table 4‐14, projected 

future deficits could range between ‐67,640 AFY (Baseline Conditions) and ‐165,135 AFY (2070 Climate 
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Change Conditions) using a conservative checkbook method approach. Accordingly, projects on Table 7‐

1 have been selected to address deficits in this estimated range. At this time, Phase One projects fully 

address projected deficits for both baseline and 2030 climate change conditions. In addition, projects 

are within about 15,000 AFY of the projected 2070 deficits. Phase Two projects provide additional 

measures in the event that the more severe climate change conditions of the 2070 scenario are realized. 

Each of these six projects will begin implementation during the first five years of the GSP. However, 

several projects will require adjustment and possible re‐direction over time to optimize project 

performance and avoid undesirable results. Incorporating this concept of adaptive management will be 

key to achieving the KRGSA sustainability goal.  

7.1.1 Water Allocation Plan (WAP) – Kern Delta Water District 

For more than 130 years, canal systems on the Kern River have delivered a cost‐effective, high quality 

water supply to support the agricultural economy in the KRGSA Plan Area. These systems were first 

developed as separate canal companies, each with its own Kern River water right and defined service 

area; separate canal companies were later consolidated. Until recently, KDWD had managed water 

supply according to each canal’s separately‐defined water right, which resulted in increased reliance on 

groundwater for some portions of KDWD. In 2011, KDWD developed its Water Allocation Plan (WAP) to 

optimize its Kern River entitlement,35 increasing overall supply across the Agricultural MA. Project 

implementation was delayed due to litigation regarding compliance with the California Environmental 

Quality Act (CEQA). In 2018, the litigation was resolved, a Supplemental Environmental Impact Report 

(SEIR) was certified (ESA, 2017), and the WAP was adopted by the KDWD Board (Resolution 2018‐03).  

The WAP (Todd Engineers, 2011) consists of a series of prioritized management actions to allow KDWD 

to use its full Preserved Entitlement of 201,943 AFY from the Kern River to meet both agricultural and 

municipal demands in its service area. By revising internal operations for full use of the Preserved 

Entitlement, the WAP provides a supplemental supply of about 33,04836 AFY on average to offset 

groundwater demands for both agricultural and municipal beneficial uses. The additional supply will be 

delivered directly to meet irrigation demands. Recharge will occur in unlined conveyance canals and will 

also be focused locally to benefit water levels and water quality near municipal wells, including the 

disadvantaged communities of Greenfield and Lamont (Figure 2‐15). This beneficial recharge is 

documented as a specific management action in the WAP.  

To estimate an average amount for this new supply to the KRGSA in Table 7‐1, the historical Study 

Period (WY 1994 – WY 2015) is used to estimate the increase in supply if the WAP had been in place 

                                                            
35 Pre‐1914 water right as modified by recent court decisions; also referred to as the Preserved Entitlement. 
36 As explained in the SEIR (ESA, 2017), the average of 33,048 AFY from the WAP was developed from a strict 

accounting of unused water from 1997 through 2007, representing average hydrologic conditions on the Kern 

River.  As noted in the SEIR, the average varies slightly depending on the time period selected for average 

hydrologic conditions.  
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during that time period. During this time period, the average annual supply associated with the WAP 

was 30,472 AFY. In a 2017 Settlement Agreement with NKWSD, KDWD committed a certain portion of 

the WAP water for sale to NKWSD, with an approximate total of 9,675 AFY occurring for conditions 

during the historical Study Period. Accordingly, a new supply of 20,797 AFY is provided in Table 7‐1. 

GSP regulations require the inclusion of specific details associated with projects and management 

actions in the GSP (§354.44). These requirements are also listed in the GSP Preparation Checklist 

develop by DWR for GSP submittal (Appendix E). These required items have been categorized into 

project benefits and the project implementation process, as described below. 

7.1.1.1 Project Benefits 

Specific benefits of the WAP are summarized below: 

 Provides an additional 33,048 AFY31 to the Agricultural MA to reduce groundwater demands 

 Maintains water levels through both increased recharge and decreased groundwater pumping 

to support measurable objectives for all of the sustainability indicators applicable to the KRGSA 

 Provides operational flexibility through the network of conveyance canals and recharge basins 

to focus recharge and manage water levels for subsidence and municipal well water quality in 

the Agricultural MA (see Sections 5.7.4 and 5.8.4) 

 Mitigates overdraft conditions as estimated by the adjusted checkbook water budget method 

described in Section 4.4.2. Sufficient to meet the estimate of 29,000 AFY of overdraft discussed 

in Section 4.5.4 and shown in Table 4‐10) 

 Addresses numerous GSP elements described in Water Code §10727.4 and listed in Section 

2.6.6 of this GSP, most notably the replenishment of groundwater extractions, activities for 

implementing conjunctive use or underground storage, and measures addressing groundwater 

recharge, in‐lieu use, diversions to storage, and conveyance projects. 

7.1.1.2 Implementation Process: 

The WAP was approved and adopted in 2018, and implementation has already begun. Public notice, 

permitting, regulatory, and procedural requirements were addressed through applicable provisions of 

the California Water Code (WC 35525 et seq.), the CEQA process, and the certified KDWD SEIR (ESA, 

2017). Legal authority is provided through the California Water Code, various contractual agreements, 

and court decrees, decisions, and judgments. No additional legal authority is required for 

implementation. Costs have already been accounted for in KDWD operational budgets; no added costs 

are anticipated for full implementation. The implementation process will occur over time to optimize 

operations for the additional water supply in KDWD; as such, the project is expected to be fully 

implemented over the next five years. However, operations will be adapted on an ongoing basis to best 

support the sustainability goal while meeting beneficial uses of the water supply. 
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7.1.2 Kern River Conjunctive Use Optimization – City of Bakersfield 

In order to increase flows in the Kern River channel to support municipal wellfields and other beneficial 

uses, and to avoid undesirable results, the City intends to optimize conjunctive use of its full entitlement 

of Kern River water that is now available due to the expiration of the “basic term” of City contracts with 

several parties outside of the KRGSA. Specifically, the City executed three long‐term contracts for sale of 

certain amounts of Kern River water after its acquisition of the Kern River water right in 1976. At that 

time, funds were needed for infrastructure improvements relating to the City’s River management 

responsibilities. The initial 35‐year basic term of the contracts expired in 2012, making about 70,000 AFY 

of Kern River water available to the City to supplement current supplies. It is recognized that the City 

may still have an obligation to supply some amount of water to certain parties under the “Extension 

Term” of the agreements, limited to years when there are substantial surface water supplies available to 

the City, and only after the City’s needs and demands have been satisfied.  

In addition to the expired contract water, other discretionary historical diversions by the City were 

tabulated to better identify additional amounts of water that might be available to meet future urban 

demand increases. The tabulation of historical discretionary diversions and expired contract water 

resulted in an average amount of about 89,619 AFY (Table 7‐1), indicating a significant additional future 

water supply for the KRGSA. This water is supplemental to the average amount of 59,770 AFY used by 

the City during the historical Study Period (Table 4‐11). The total amount of 149,389 AFY accounts for 

the City’s full Kern River entitlement less future obligations and represents the City’s Kern River surface 

water supply to serve beneficial uses in the KRGSA and to avoid undesirable results (see Section 5.4.4). 

Accordingly, the net new supply of 89,619 AFY (Table 7‐1), is incorporated as a Phase One project in the 

projected future water budgets. This project alone is sufficient to mitigate future water budget deficits 

estimated for baseline (‐67,640 AFY) and 2030 Climate Change (‐75,953 AFY) conditions (see Table 4‐14). 

The City has developed priority uses for allocating the GSP project water. The first will be to meet 

municipal demands by conveyance of water to the three water treatment plants in the KRGSA. 

Additional water will be targeted for recharge in the Kern River channel below the Calloway weir where 

the channel is dry most of the time. For planning purposes, three segments of the channel are 

prioritized for recharge, but locations and amounts will vary depending on available water, other 

obligations, and activities by others in the River. Finally, water will continue to be recharged in the COB 

2800 facility, which has excess capacity in most years. As such, recharge of GSP project water would 

occur in addition to routine ongoing banking in the COB 2800 facility by the City. Priorities for use of GSP 

project water are summarized in Table 7‐2 below along with maximum monthly amounts.  
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Table 7‐2: Kern River Conjunctive Use Optimization Project 

Priority  Location  Maximum Monthly Amounts  

1  Henry C. Garnett Water Purification Plant (WPP)  Up to 542 AF/month 

2  Cal Water North East Treatment Plant (WTP)  Up to 5,604 AF/month 

3  Cal Water North West Treatment Plant (WTP)  Up to 747 AF/month 

4  Kern River Channel (below Calloway Weir)  Up to 12,000 AF/month 

5  Kern River Channel (below the River Canal)  Up to 2,000 AF/month 

6  Kern River Channel (below Rocky Point)  Up to 2,800 AF/month 

7  COB 2800 Facility  Up to 20,000 AF/month 

 

As indicated in Table 7‐2, the City recognizes the potential for water budget deficits related to decreases 

in SWP supply, especially when considering the DWR climate change factors applied to Table A 

allocations. Therefore, the City has determined that the first priority for this GSP project will involve 

deliveries of Kern River water to the Henry C. Garnett Water Purification Plant operated by ID4 and the 

Northeast and Northwest water treatment plants operated by Cal Water. Treated surface water will be 

limited by plant capacity and demand; as such, plant deliveries will vary over time. In its UWMP, Cal 

Water documents plans for future expansion of its Northeast WTP that increase capacity to 43 MGD by 

2030 (Cal Water, 2016a). Build‐out for the plant is 60 MGD, with a peaking capacity of 69 MGD (Cal 

Water, 2016a). Although the final expansion is not currently scheduled before 2035, plans are in place 

for implementing the expansion earlier, as needed, depending on growth and urban demand.  

7.1.2.1 Project Benefits 

Project benefits of the Kern River Conjunctive Use Optimization Project are summarized as follows: 

 Additional banking of water in the Kern River channel will benefit water levels in municipal 

wellfields and assist in meeting measurable objectives for chronic lowering of water levels, 

degraded water quality, and mitigation of potential future land subsidence. 

 Aquifer replenishment raises water levels locally in the Urban MA for all beneficial uses and 

avoidance of undesirable results. 

 Municipal wellfields will have excess capacity allowing a reduction in groundwater pumping of 

certain wells at certain times. This will provide operational flexibility for managing local water 

levels to avoid undesirable results.  

 The Project provides sufficient water to meet the checkbook deficits estimated for the 2070 

climate change scenario in Table 4‐14. When combined with other projects, the amount fully 

mitigates the potential for future overdraft conditions, based on projected demands.  

 The Project addresses numerous GSP elements described in Water Code §10727.4 and listed in 

Section 2.6.6 of this GSP, most notably the replenishment of groundwater extractions, activities 

for implementing conjunctive use or underground storage, and measures addressing 

groundwater recharge, in‐lieu use, diversions to storage, and conveyance projects. 
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 Use of the River channel as a primary groundwater recharge source restores more natural 

hydrologic functions of recharge beneath the River.  

7.1.2.2 Implementation Process: 

The City intends to implement this project incrementally over time and to continue project adaptation 

to changing conditions, adjusting the direct use of the additional Kern River water based on plant 

capacity and demand. Increased recharge associated with the project will be implemented in Year 1 

(2020). Depending on the availability of Kern River water, the project will begin by testing the recharge 

capacity and aquifer response in certain areas of the channel to better develop management strategies 

for avoiding undesirable results. In particular, the location and amount of groundwater level increases 

will be evaluated over time, based on an analysis of scenarios involving resting wells and channel 

recharge. 

Implementation of the project can begin without impediments because the GSP project water supply is 

part of the City’s Kern River entitlement based on its pre‐1914 appropriative rights. This provides the 

City with the legal authority to use the water for multiple reasonable beneficial uses. The City developed 

an EIR to describe how current water supplies and potential additional water supplies would be 

incorporated into a new proposed program referred to as the Kern River Flow and Municipal Water 

Program; that program involved a potential new supply and associated rights on the Kern River, which is 

on hold pending the outcome of a SWRCB application. However, this GSP project includes only the 

current Kern River entitlement that belongs to the City and remains available to the City. Additionally, 

the use of the water is not subject to new permits or regulatory requirements beyond current 

obligations regarding Kern River management and use.  

Public notice of the City’s intent to increase conjunctive use in the Kern River was provided during the 

CEQA process for numerous projects, including, but not limited to, the EIR for the Kern River Parkway 

project, the EIR for the 2800 Acres project, the EIR for the Kern River Flow and Municipal Water 

Program, and in a number of City planning and policy documents including the land use planning efforts 

described above and documented in Sections 2.6.1 and 2.6.2 of this GSP (although this GSP does not 

involve all water sources included in those projects and documents). Additional public notice will be 

accomplished through the GSP outreach process, which includes public hearings and an open house 

occurring over the next several months.  

Because this project simply increases the volume of water retained in the KRGSA, the City will manage a 

similar total of water that is managed now but will be directing it to increased recharge and/or water 

purification facilities. Accordingly, project costs are anticipated to be managed within the City’s current 

operational budget for Kern River management. If additional facilities for recharge are required, those 

costs will be developed as a new KRGSA GSP project. 

The timing for full implementation of this project is related, in part, to the planned expansion of the 

North East treatment plant (and other treatment plants), which in turn is tied closely to growth and 

future demands. Expansion of the Northeast WTP to 43 MGD is scheduled to occur by 2030 and full 
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buildout will likely occur in the GSP Planning horizon. Scheduling of project details will be developed for 

the five‐year update to the GSP, based on then‐current projections.  

Two additional treatment plants – Southwest Bakersfield WTP and Rosedale Ranch/Seventh Standard 

Corridor WTP – are also proposed to increase capacity for direct deliveries of Kern River water (Cal 

Water, 2016a). These plants are on hold due to economic conditions, but ultimately would serve to 

decrease reliance on groundwater.  

7.1.3 Expand Recycled Water Use in the KRGSA Plan Area 

For more than 30 years, the City of Bakersfield has been providing treated wastewater from its WWTP 

No. 3 to a 4,700‐acre farm for irrigation, known as Green Acres. The farm is owned by the City of Los 

Angeles and located on the western edge of the KRGSA with most of the land outside of the KRGSA 

boundary (about 72 percent). Currently the City provides an average of about 18,000 AFY to Green Acres 

in accordance with its contract.  

On July 17, 2019, the Bakersfield City Council voted not to renew the contract when it expires in 2026. 

This action allows all of the recycled water to be used in the KRGSA as needed. The City is currently 

exploring options for use including replacement of potable water for irrigation or for groundwater 

recharge. Although the water will not be available until after 2026, planning has begun for identification 

of needs in the Plan Area.  

The average amount of water provided to Green Acres during the historical Study Period of WY 1995 – 

2015 was about 11,321 AFY, but this average has increased over time with increasing inflows to WWTP 

No. 3.  In addition, current amounts are expected to increase over time with population growth in the 

City. For analysis in the C2VSim‐FG Kern local model, wastewater flows from WWTP No. 3 were 

increased proportional to the increase in urban water demand over time with a similar proportional 

increase in available recycled water. As a simplifying and conservative assumption, the amount of new 

water supply was limited to the percent of supply that had been used outside of the KRGSA (72 percent 

of the total amount). This calculation indicates a new average annual water supply to the KRGSA of 

about 11,556 to 13,407 AFY for the 20‐year implementation period and the entire 50‐year planning 

horizon, respectively.   

Benefits and Implementation: This project will increase the availability of recycled water in the KRGSA 

for beneficial use. This water supply will support measurable objectives for all sustainability indicators 

with a net positive impact on the KRGSA Plan Area water budget to mitigate the potential for future 

overdraft. If used to replace potable water, the net benefit would be even greater by preserving a high‐

quality potable supply for other beneficial uses. This project supports a key GSP element by providing 

measures to address water recycling, as listed in Water Code §10727.4 and re‐stated in Section 2.6.6 

(see item (h)). Depending on the selected water use, this project supports additional GSP elements 

including replenishment of groundwater extractions, opportunities for conjunctive use or underground 

storage. 
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The City owns the wastewater and no additional legal authority is needed to retain the water for local 

use. A permitting and regulatory process may be required depending on the type of use. At this time, 

the project is simply to retain the recycled water for use within the KRGSA; implementation will occur 

with the expiration of the contract in 2026. A more defined project and other implementation 

considerations will be developed between 2020 and 2026; updated project components will be provided 

in annual reports as they are developed. Costs have not yet been estimated for this project. The public 

was notified of this project at the City Council meeting on July 17, 2019. Numerous newspaper articles 

documented the discussion and vote of the City Council (Bakersfield Californian, 2019). Additional public 

notice will be provided through the public review period of this GSP. Additional public outreach will 

occur as specific uses are identified for the increase in available recycled water.  

7.1.4 Land Use Conversion ‐ Urbanization of Agricultural Lands 

As indicated by the increase in urban demand over time (Table 4‐14), growth in Metropolitan 

Bakersfield is anticipated. According to the UWMPs in the northern Plan Area, urbanization is expected 

to occur through increased density in urban lands, expansion onto undeveloped lands, and conversion 

of agricultural lands. Although the exact location of urban growth has not been defined specifically, 

much of the growth has been expanding to the south into the central and southern Plan Area, as 

indicated by the delineation of the KRGSA Urban MA (see Figure 5‐1). Much of this land is either 

currently or historically used for irrigated agriculture and some of that land will likely be converted 

within the 20‐year GSP implementation phase. 

For the purposes of this project, it is assumed that about 10,000 acres of agricultural lands in the KRGSA 

Plan Area (about 10 percent of the total agricultural lands) will be urbanized. Most of this area is located 

in the Agricultural MA, but agricultural lands also occur in the Urban MA. Although the acreage and 

locations are uncertain, the City indicates that this is a reasonable assumption based on current 

urbanization areas. Project acreage would already be embedded in the analysis of future urban demand 

in the projected water budget, which is based simply on population growth. Accordingly, the total 

agricultural demand for the project acreage is decreased to prevent double counting of water use on 

these 10,000 acres. Using the average crop ET demand in the southern KRGSA Plan Area of 2.7 AF/acre, 

approximately 27,000 AFY is eliminated from the agricultural demand, representing an overall net 

demand reduction in the KRGSA as a result of this project.  

Project benefits of this urbanization of former agricultural lands are summarized as follows:  

 Decreases overall water demand, which supports measurable objectives of all sustainability 

indicators applicable to the KRGSA including chronic lowering of water levels, reduction of 

groundwater in storage, degraded water quality, and the potential for land subsidence 

 Mitigates potential for future overdraft conditions by decreasing demand; this allows for surface 

water to meet a larger portion of the demand, thereby reducing groundwater pumping 

 Allows for decreased pumping in areas of potential land subsidence 
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 Addresses several GSP elements described in Water Code §10727.4 and listed in Section 2.6.6 of 

this GSP, most notably processes to review land use plans and efforts to coordinate with land 

use planning agencies and measures addressing in‐lieu use. 

7.1.4.1 Implementation Process: 

There are no impediments to implementation of this project. Although the GSA does not specifically 

control the location of future growth, the City will assist in tracking and coordinating the conversion of 

agricultural lands through time as opportunities arise. Given previous patterns of growth and projections 

of population increase, this project is expected to be fully implemented within the 20‐year GSP 

implementation period. Legal authority, permitting, and regulations for locations of population growth 

within the City limits reside with the land use planning, water resources, and other City departments 

and with the City Council. Outside city limits, land use planning resides with Kern County. Funding is not 

needed for implementation of this project. 

Water use for urbanization of agricultural lands in KDWD is covered under an agreement between 

KDWD and the City of Bakersfield. That agreement obligates KDWD to make water available for those 

newly‐urbanized lands, provided that those lands have been served historically by the water rights 

obtained by KDWD. Some of the recently urbanized lands in KDWD were not historically served by 

KDWD water rights and, as such, are not currently served by KDWD. KDWD has the responsibility to 

support the new urban demand at a rate of about 1.0 – 1.5 AF/acre. This agreement will provide 

sufficient water to serve urban demand and will prevent the need for additional groundwater pumping 

to support new growth in this area.  

7.1.5 ENCSD North Weedpatch Highway Water System Consolidation Project 

Six small water systems in the vicinity of Highway 184 (Weedpatch Highway) and Muller Road have had 

to cope with water quality issues including elevated nitrate, TCP, and arsenic concentrations detected in 

water supply wells. These disadvantaged communities (DACs) have limited resources and provide 

drinking water supply to more than 1,400 persons along the eastern KRGSA boundary. Three of these 

systems are located within the KRGSA Plan Area as noted below; the remaining three are just outside 

the KRGSA Plan Area in AEWSD. 

 Oasis Property Owners Association (Oasis POA) – in KRGSA 

 East Wilson Road Water Company (East Wilson Rd) – in KRGSA  

 Wilson Road Water Community (Wilson Road WC) – east of KRGSA  

 San Joaquin Estates Mutual Water Company (SJE MWC) – east of KRGSA  

 Del Oro Water Company Country Estates District (Del Oro WC) – east of KRGSA  

 Victory Mutual Water Company (Victory MWC) – in KRGSA. 

Service areas of these small water systems are adjacent to, and in some areas surrounded by, the ENCSD 

service area (see Figure 2‐4). In response to water quality violations, the SWRCB DDW ordered 

corrective actions to meet drinking water standards. Consolidation with ENCSD was evaluated as a 

possible corrective action for each of the water systems. ENCSD prepared an initial Engineering Report 
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in 2016 evaluating the consolidation of four of the water systems (AECOM, 2019, see Attachment T‐1). 

At the request of the SWRCB‐DDW, an amendment to the Engineering Report was prepared in April 

2019 to add Del Oro WC and Victory MWC to the consolidation evaluation (AECOM, 2019).  

The project includes new water distribution systems, a new well (1,400 gpm capacity) with arsenic 

treatment, a storage tank, hydropneumatics tank, and a booster pump station. If TCP is detected in the 

new well, the grant will also fund a TCP treatment system. All wells with water quality violations will be 

properly abandoned according to Kern County Environmental Health regulations. Grant funding through 

the Drinking Water State Revolving Fund (DWRSF) program has been secured for construction costs. The 

small water systems have also received assistance from Self‐Help Enterprises, a community 

development organization that assists rural communities identify clean drinking water sources in eight 

counties of the San Joaquin Valley. 

Although this consolidation project was conceived prior to the preparation of this GSP, ENCSD is 

documenting this project in the GSP as a member agency in the KRGSA. 

7.1.5.1 Project Benefits 

Project benefits of the North Weedpatch Consolidation Project are summarized as follows: 

 Supports measurable objectives for degraded water quality by managing local arsenic 

concentrations with construction of an arsenic wellhead treatment facility, thereby avoiding an 

undesirable result 

 Controls projected urban demand through conservation efforts implemented by ENCSD 

 Abandons wells with poor water quality 

 Provides DACs with a reliable, clean drinking water supply 

 Supports numerous GSP elements described in Water Code §10727.4 and listed in Section 2.6.6 

of this GSP, including wellhead protection areas (for the new project well), migration of 

contaminated groundwater (elevated nitrate from a nearby septic system as suggested in one 

DDW Water Quality Violation Order), adherence to well abandonment and well construction 

policies, measures addressing groundwater contamination, and efficient water management 

practices. 

7.1.5.2 Implementation Process: 

Numerous activities are required prior to project construction. ENCSD has adopted standards and 

policies that control this annexation process and requires legal Consolidation Agreements with the 

water systems for adherence to ENCSD requirements. Annexation proceedings will be completed 

through the Local Agency Formation Commission (LAFCO); approval is anticipated. CEQA compliance will 

include preparation of a CEQA Plus mitigated Negative Declaration, with a Notice of Determination filed 

with Kern County and the State Clearinghouse. ENCSD will need to acquire about 1.5 acres of 

undeveloped land from the Fairfax School District for the new well site. Construction design documents 

are approximately 90 percent complete (Ruiz, personal communication, 7/31/2019). 
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The project is scheduled for implementation once all of the agreements and CEQA compliance have 

been completed. To date, ENCSD has signed agreements to annex and consolidate service areas into 

ENCSD for SJE MWC, Oasis POA, and Wilson Road WC. Once annexed, ENCSD will have the legal 

authority to serve water throughout its expanded service area. Construction permits, including well 

drilling, are required for the project. The ENCSD permit with DDW for the provision of drinking water will 

be amended to include system improvements. 

Construction of the consolidation project is being funded by a DWRSF grant. Funding includes new 

infrastructure, including pipelines, pump station, storage, and a new well. Costs for an arsenic treatment 

facility and TCP treatment, if needed, are included in the grant. Project costs are estimated at 

approximately $20 million. More detailed costs, including O&M are provided in the Engineering reports 

(AECOM, 2019).  

The Project schedule is summarized below and expected to take approximately 62 months. 

 Project design and CEQA Plus Document – 6 months 

 DWRSF construction application process – 24 months 

 Annexation proceedings, property acquisition, permitting and well drilling – 8 months 

 Well equipping, booster pump station, treatment processes, facilities construction – 24 months. 

Once permitted, ENCSD will have the authority to deliver drinking water to all customers and no 

additional legal authority is needed for project implementation. Public notice will occur through the 

CEQA process as well as in planned public hearings on this GSP. As mentioned previously, project design 

activities are proceeding, and agreements have been executed with three of the six systems (as of July 

31, 2019).  

7.1.6 Possible Water Exchange for Improved Drinking Water Quality in Disadvantaged Communities 

The GSA recognizes the challenges of the DACs within the KRGSA to obtain sufficient high‐quality 

drinking water with limited resources. Given the large infrastructure network in the KRGSA, the 

potential for numerous exchanges of various source waters provides management flexibility for 

controlling water levels, water quality, and avoiding undesirable results.  

One possible exchange is envisioned between ENCSD, which serves water to DACs, and KDWD, who 

operates the Eastside Canal located through the ENCSD service area. In the event that ENCSD has an 

immediate need to mitigate elevated nitrate concentrations, KDWD could deliver Kern River water to 

the ID4 treatment plant on behalf of ENCSD. Then ENCSD could provide groundwater with elevated 

nitrate or arsenic into the Eastside Canal, where it would be blended and provided for agricultural 

irrigation (recognizing that nitrate and arsenic are not constituents of concern for agricultural use).  

A similar exchange to assist DACs in Oildale MWC could be developed. For this exchange, surface water 

would be provided for treatment from an additional agency who could receive returned groundwater 

from Oildale MWC in the Beardsley Canal.  
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7.1.6.1 Project Benefits 

Project benefits of water exchanges to improve drinking water quality for DACs are summarized as 

follows: 

 Support measurable objectives for degraded water quality. 

 Assists with improvement of water quality to DACs within the KRGSA and supports the KRGSA 

sustainability goal to meet municipal demands. 

 Supports GSP elements described in Water Code §10727.4 and listed in Section 2.6.6 of this GSP 

measures addressing groundwater contamination and efficient water management practices. 

7.1.6.2 Implementation Process: 

For implementation of this type of project, KRGSA Plan Managers would need to coordinate and 

consider institutional, legal, or permitting barriers prior to the exchange. For these types of exchanges, 

additional agreements may be required. For example, ID4 cannot deliver treated surface water from its 

purification plant outside of ID4 boundaries without amending or developing new contracts.  Public 

notice will be accomplished as part of the public review of this GSP. Implementation of this type of 

water exchange is considered discretionary and will be considered and implemented only on an as‐

needed basis. Nonetheless, it remains a viable option for assisting DACs with a high‐quality drinking 

water supply.  

7.2 PHASE ONE MANAGEMENT ACTIONS 

Phase One management actions differ from Phase One projects in that they typically do not represent 

new water supply or reductions in demand. Rather, these actions provide a framework for overall 

groundwater management including establishing GSP policies and filling data gaps. Ten management 

actions have been identified for implementation in Phase One.  

As provided by SGMA and re‐sated in the MOU forming the GSA, the KRGSA may perform the following 

functions: 

1. Adopt standards for measuring and reporting water use. 

2. Develop and implement policies designed to reduce or eliminate overdraft within the 

boundaries of the GSA. 

3. Develop and implement conservation best management practices. 

4. Develop and implement metering, monitoring, and reporting related to groundwater 

pumping. 

The management actions included in this section rely on SGMA authority and no additional legal 

authority is required. In addition, the MOU states that the City and ID4 are jointly responsible for GSP 

implementation in the City limits and ID4 boundaries. KDWD is responsible for GSP implementation in its 

boundaries. In addition, Greenfield CWD is responsible for GSP implementation in its service area as per 
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4 PROJECTS AND MANAGEMENT ACTIONS (REG. § 354.44)  

4.1 Project #1: Optimizing the recovery of Pioneer Project banked supplies in dry years 

HMWD is a Recharge Participant in the Pioneer Project. Therefore, the District has a second priority right 

to recover banked water supplies from the Project. Since its inception in 1995, the District has banked 

SWP, Kern River, CVP, and other water in the Pioneer Project (or related Kern Fan facilities) for future 

recovery or flexibility with exchanges/transfers. In efforts to supplement supplies to the District in years 

when other surface supplies are sparse, the District could recover its banked supplies and deliver said 

water to lands within the District.  

4.1.1 Measurable Objective that is Expected to Benefit from the Project or Management Action 

Recovering banked supplies is expected to offset a decline in local water levels and a negative change in 

groundwater storage.  

4.1.2 Circumstances for Implementation  

The project may be implemented in a circumstance where HMWD’s supplies are below their average 

quantities and the District would otherwise pump groundwater beyond its sustainable yield. The project 

would require the ability to recover and deliver the water; this may be difficult in certain years, when 

the Recovery Participants maximize their first priority to recover and preclude Participants, such as 

HMWD, from recovering their banked supplies.  

4.1.3 Overdraft Mitigation Projects and Management Actions 

The purpose of this project is to avoid overdraft in HMWD.  

4.1.4 Time-Table for Initiation and Completion 

In the event of a banked water recovery, HWMD will coordinate with Pioneer Project participants and 

stakeholders as needed.  

4.1.5 Expected Benefits and how they will be Evaluated 

The purpose of recovering banked water supplies is to prevent the decline of conditions below MT levels 

and prevent future MT exceedances for each of the applicable sustainability indicators.  

4.1.6 How the Project will be Accomplished  

HMWD will coordinate with the Pioneer Project as necessary to recover needed supplies.  

4.1.7 Estimated Cost of Project  

HMWD bears a portion of the recharge facility operations, maintenance, and facility costs through the 

contractual agreement already established with the Pioneer Project. Since this agreement is already in 

place, no additional costs will be incurred to implement this Project.  

Other descriptive items outlined by SGMA were reviewed and deemed inapplicable to the 

implementation of this project including: public noticing, permitting and regulatory process, legal 
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authority required, management of groundwater extractions and recharge, and additional GSP elements 

in Water Code § 10727.4.  

  




