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Response to Comments
July 27, 2022
Mr. Paul Gosselin, Deputy Director
Department of Water Resources
Sustainable Groundwater Management Office
PO Box 942836
Sacramento, CA 94236-0001
Regarding: Submittal of Amended KGA Groundwater Sustainability Plan (GSP)
In response to the Statement of Findings regarding the Determination of Incomplete Status
of the San Joaquin Valley – Kern County Subbasin Groundwater Sustainability Plans, State
of California, Department of Water Resources, January 28, 2022
The Kern Groundwater Authority (KGA) Groundwater Sustainability Agency (GSA) is pleased to
submit this Amended KGA Groundwater Sustainability Plan to the Department of Water Resources
(DWR) for review. Amendments have been developed in response to the incomplete determination
letter received on January 28, 2022, for the Kern Subbasin GSA pertaining to the 2020 Groundwater
Sustainability Plans submitted for the Kern County Subbasin. DWR reviewed the Kern Subbasin
GSPs as one plan including the Coordination Agreement (Water Code 10727), and as such all the
Kern Subbasin GSAs coordinated and contributed to the responses and solutions as generally
described herein with more detail that is relevant to the KGA as presented in this amended GSP as
submitted.
Upon receipt of the determination letter, the Kern Subbasin GSAs including all members of the
KGA, participated in weekly coordination meetings, along with coordination meetings between
adjacent GSAs and KGA members, coordination meetings between adjacent KGA members,
monthly Coordination Committee meetings, and monthly KGA Board meetings. At the monthly
KGA board meetings, updates were provided to the stakeholders, beneficial users, and public as well
as final draft documents that were provided in the board packages for review seeking input and
comments. The KGA board meetings were/are available to attend either in-person or via Zoom. The
KGA members also held their monthly board meetings with open public discussions on the status of
how the response to the DWR determination letter was being developed and coordinated.
Another opportunity presented to assist in this process, DWR staff held several consultation
meetings with the Kern Subbasin GSAs, which included the KGA is and was greatly appreciated by
all participants. From those meetings and working collaboratively with all the Kern Subbasin GSAs,
the KGA believes that the amended GSP along with all the other amended GSPs in the Kern
Subbasin, will achieve and address the deficiencies identified in the determination letter.
As stated in the DWR determination letter, the Kern Subbasin is the “largest and arguably most
complicated Subbasin in terms of entities involved and demands placed on the Subbasin” (page 11).
DWR’s understanding of the Kern Subbasin being the most complicated is quite the understatement
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considering that each water district has access to different surface water supply portfolios, which
may include water from either the State Water Project, the Friant Water Project, the Central Valley
Project, the Kern River, or combination of these supplies. Then you take into consideration the
largest subbasin and you then have different beneficial users in different areas with no two water
districts having the same ration of beneficial users by management area. With having submitted the
original GSPs in 2020 and now with two years of submitting annual reports and implementation of
the GSPs moving forward, the DWR determination letter shed light on those areas back in 2018 &
2019, that the Kern Subbasin was struggling with however now, with the coordinated efforts along
with better understanding, the KGA sees this as an opportunity to improve on their GSP and prepare
for the 2025 update.
As stated in the DWR determination letter, the Kern Subbasin is the “largest and arguably most
complicated Subbasin in terms of entities involved and demands placed on the Subbasin” (page 11).
DWR’s understanding of the Kern Subbasin being the most complicated is quite the understatement
considering that each water district has access to different surface water supply portfolios, which
may include water from either the State Water Project, the Friant Water Project, the Central Valley
Project, the Kern River, or combination of these supplies. Then you take into consideration the
largest subbasin and you then have different beneficial users in different areas with no two water
districts having the same ration of beneficial users by management area. With having submitted the
original GSPs in 2020 and now with two years of submitting annual reports and implementation of
the GSPs moving forward, the DWR determination letter shed light on those areas back in 2018 &
2019, that the Kern Subbasin was struggling with however now, with the coordinated efforts along
with better understanding, the KGA sees this as an opportunity to improve on their GSP and prepare
for the 2025 update.
The DWR determination letter focused on three primary deficiencies and provided Corrective
Actions for the Kern Subbasin GSAs to consider, coordinate and focus on:
1. The GSPs do not establish undesirable results that are consistent for the entire Subbasin.
Key issues include:
a) The Coordination Agreement should be revised to explain how the undesirable results
definitions are consistent with the requirements of SGMA and the GSP regulations,
which specify that the undesirable results represent effects caused by groundwater
conditions occurring throughout the Subbasin.
b) The GSAs must commit to comprehensively reporting on the status of minimum
thresholds exceedances by area in the annual reports and impacts to the beneficial
users.
c) The GSAs must adopt clear and consistent terminology to ensure various plans are
comparable and reviewable by the GSAs, interested parties and DWR staff.
2. The GSAs must adopt clear and consistent terminology to ensure various plans are
comparable and reviewable by the GSAs, interested parties and DWR staff. The Plan does
not set minimum thresholds for chronic lowering of groundwater levels in a manner
consistent with the requirements of SGMA and the GSP Regulations.
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a) For deficiency 2, DWR staff provided Table 2 that provided individual and helpful
specific concerns and suggestive corrective actions for the GSAs and their members
to address.
b) All the GSPs must demonstrate the relationship between the minimum thresholds for
each sustainability indicator.
3. The Plan’s land subsidence sustainable management criteria do not satisfy the requirement
of SGMA and the GSP regulations.
a) The Subbasin’s GSAs should coordinate and collectively satisfy the requirements of
SGMA and the GSP regulations to develop the sustainable management criteria for
land subsidence.
Deficiency 1 - The GSPs Do Not Establish Undesirable Results that are Consistent
for the Entire Basin
DWR indicated that this deficiency relates to the Plan’s lack of an explanation of the specific effects,
occurring throughout the Subbasin, that, when significant and unreasonable would be an undesirable
result. DWR continues to state that this should be reflected in the framework of the Coordination
Agreement thus the recommended corrective actions.
a) The Plan’s Coordination Agreement should be revised to explain how the
undesirable results definitions are consistent with the requirements of SGMA and the
GSP Regulations, which specify that undesirable results represent effects caused by
groundwater conditions occurring throughout the Subbasin.
During the weekly coordinated GSA/KGA managers meeting, the following definitions were
clarified and adjusted to be used by all GSA/KGA covering the entire basin. These definitions took
into consideration the vast differences in the distribution of beneficial users between management
areas, water right holders, hydrology, and day to day operations. These weekly meetings also
accomplished confirming that all are using the same definitions to prevent further confusion as well
as revising the monitoring protocols, and specifically addressing the process for determination of an
undesirable result. The Coordination Agreement is reflective of these coordinated efforts in
Appendix 3 and for ease, the definitions are listed below as well:
Kern Subbasin Definitions
Management Area: management Areas are areas that will be considered against the determination
of an undesirable result at the basin level.
Watch Areas: areas with no significant groundwater use and no planned groundwater use as
documented in the MAP. Watch areas will be monitored for land use changes and groundwater
conditions that could change its designation to a "management area" with specified SMCs.
Monitoring Areas: areas that have significance within a Management Area for monitoring
groundwater conditions or impacts to certain beneficial users but are not considered towards the
determination of an Undesirable Result.
MT Exceedance: where a single representative monitoring well exceeds its minimum threshold.
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MT Trigger: a management area exceedance is triggered when groundwater levels decline below
established MTs in 40% or more of any representative monitoring wells within the management area
over four consecutive bi-annual SGMA required monitoring events (Definition for Chronic
Lowering of Groundwater).
Management Area Exceedance: exceeding the MT Trigger (i.e., 40% of wells) with a management
area is a “management area exceedance”, not an Undesirable Result which is defined at the basin
level.
Undesirable Result: the basin-wide definition of unreasonable impacts to beneficial uses and users
of groundwater. Should only be referred to as a basin-wide conditions and not a management area
condition. The equivalent designation at the management area is a “Management Area Exceedance.”
Urban Management Area Exceedance: A management area exceedance is triggered when
groundwater levels decline below established MTs in any RMW for more than three conservative
months.
b) The GSAs must commit to comprehensively reporting on the status of minimum
threshold exceedances by area in the annual reports and describe how groundwater
conditions at or below the minimum thresholds may impact beneficial uses and users
prior to the occurrence of a formal undesirable result.
The Kern Subbasin GSAs/KGA already are committed to comprehensively reporting on the status of
minimum threshold exceedances by area in the annual report and to further describe how
groundwater conditions may impact beneficial users and uses as well as providing in the annual
report management actions/projects being implemented to correct or contain the exceedance. The
Kern Subbasin GSAs/KGA have already submitted three annual reports with the exceedances
addressed in the last two reports along with corrective actions to address. The Kern Subbasin/KGA’s
annual reports cover the entire basin and utilize a common methodology for determining demand
and supply to update the C2VSim model use the same demand methodologies, water supply, and
update the C2VSim model to provide an update basin wide status to assess how the basin is
progressing towards sustainability.
The Kern Subbasin GSAs/KGA have also developed, designed, and released a data management
system (DMS) that provides current seasonal data reflective by monitoring well locations for
groundwater levels. This DMS also sends alerts when any GSA/KGA enters any seasonal data that
exceeds the minimum thresholds so to alert all to the exceedance. The KGA has also developed an
exceedance policy that prescribes immediate attention to an exceedance at a monitoring location
(one exceedance triggers the KGA call to action process). Refer to the KGA Action Plan Related to
Exceedance of Minimum Thresholds for Chronic Lowering of Groundwater inserted into this letter
on page 6.
c) The GSAs must adopt clear and consistent terminology to ensure the various plans
are comparable and reviewable by the GSAs, interested parties, and Department staff.
Department staff recommend the revisions should include, at a minimum:
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•

•

A map of the entire Subbasin showing each of the GSP areas, including management
areas and the management areas within the management area plans, associated
monitoring zones, etc. that have a locally defined “undesirable result” that can
contribute to the Subbasin’s undesirable result area-based definitions described in the
Coordination Agreement.
A comprehensive table or another organized form of identifying each of the areas, the
land coverage – both absolutely and as a percentage – of each of those listed areas in
comparison to the Subbasin in total, and a clear and concise description of the
conditions that would cause the area to trigger a localized undesirable result (i.e., watch
area, etc.). These materials should demonstrate that 100 percent of the Subbasin area is
being managed under the various GSPs with reasonable definitions for undesirable
results.

In addition to the graphical and tabular representation of the definition of the Subbasin-wide
undesirable results, and if the GSAs elect to maintain the percentage of land area definition for
undesirable results, the GSAs need to provide a comprehensive description of the groundwater
conditions that would lead to localized undesirable results in the GSAs and other management areas
which ultimately contribute to the 15 percent or 30 percent of land area criteria.
Accomplished at the weekly coordination meetings, KGA developed the matrix below reflecting the
triggers of an undesirable result as it relates to groundwater level exceedances and the process
associated to handling an exceedance in management areas and how the basin enters an undesirable
result for the entire basin. The KGA decided to take this process one step further by the development
of an exceedance policy for just one exceedance and thus setting a “call to action” to avert beneficial
uses and users impacts. The KGA developed sustainable management criteria that meets the GSP
Regulations and enhances the process by including additional steps to better manage political,
operational, and diverse demographic of beneficial user conditions found across the Kern Subbasin.
This process is proactive in identifying individual MT Exceedances and intervenes before a
Management Area Exceedance occurs and/or progresses to an undesirable result condition.
The complexity of groundwater management in the Kern Subbasin required that the KGA and other
Subbasin GSAs coordinate this process that recognizes the diversity found across the Subbasin. The
core of this process is the identification of key beneficial users within each management area and the
conditions that create significant and unreasonable impacts to those beneficial users from
groundwater operations in that management area.
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KGA Action Plan Related to Exceedance of Minimum Thresholds for Chronic
Lowering of Groundwater
The Groundwater Sustainability Plans (GSPs) in the Kern County Subbasin (Subbasin) define
sustainability under the Sustainable Groundwater Management Act (SGMA) as the avoidance of
undesirable results. Undesirable results for the chronic lowering of groundwater occur when a
certain number of minimum thresholds are exceeded at representative monitoring well sites. While a
single or isolated exceedance of a minimum threshold will not, by itself, cause an undesirable result,
such an exceedance may be indicative of future or trending exceedances which could result in
undesirable results for chronic lowering of groundwater.
The Kern Groundwater Authority (KGA) GSP defines undesirable results within each Management
Area Plan (MAP) developed by respective KGA members. Each KGA member is responsible for
monitoring groundwater conditions, complying with GSP requirements and coordinating with other
agencies and entities (cities, small systems, etc.) within their respective MAPs. The KGA also
coordinates with its member agencies to facilitate SGMA compliance. As part of this coordination,
the KGA works with other groundwater sustainability agencies (GSAs) in the Subbasin to compile
an annual report and submit that report to the Department of Water Resources (DWR) each year on
April 1. Information that reflects compliance with or exceedance of minimum thresholds is included
in each annual report, if present.
It is important to monitor compliance with minimum thresholds over time to understand the
Subbasin’s likelihood of achieving sustainability. The following five-step action plan is proposed to
address a minimum threshold exceedance for the chronic lowering of groundwater levels at a single
representative monitoring well, including coordination between KGA member districts.
1.

Identify Exceedance and Investigate the RMW Area:

After each annual report, the KGA managers team will review data and identify any exceedances of
minimum thresholds for each RMW and will compile a summary of minimum threshold
exceedances, as noted in the annual report, for review by the KGA Board.
Various conditions surrounding the RMW will be considered. For example: Are water levels
declining in nearby wells? If so, how large of an area is affected? Has a new well been installed
nearby or localized groundwater extraction increased? Is the problem related to area-wide drought
conditions? Has local demand increased? If increased demand is responsible for the exceedance,
then is a sustainable water budget needed and/or being adhered to in the area?
2. Evaluate Outside MAP Contributing Factors:
Provided the aquifer connectivity between MAP areas and groundwater impacts crossing MAP
boundaries, declining groundwater levels in an area may be the result of operations in an adjacent
MAP and/or an adjacent GSA. In this situation, the KGA member may not be able to resolve any
exceedances unilaterally. KGA members in adjacent MAPs agree to coordinate. Updates or
proposals shall be reported back to the KGA.
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3. Consider Developing Management Actions and/or Projects:
Any KGA member with a minimum threshold exceedance may develop or modify existing
management actions or projects to mitigate a minimum threshold exceedance and avoid undesirable
results (“mitigation plan”). Any mitigation plan should be submitted to the KGA managers team for
review. The mitigation plan along with any KGA managers team comments shall be submitted to the
KGA Board. To the extent the mitigation plan includes any new management actions, any proposed
modifications to an existing management action or new projects, the KGA will consider how those
changes will be incorporated into any update to the KGA GSP.
4. Consider Enforcement Plan:
In the event of a management area exceedance the KGA member or contributing member(s) will
consider developing and/or implementing policies and programs intended to eliminate or mitigate
the exceedance (enforcement plan). The enforcement plan(s) must be submitted to the KGA and the
KGA will have 90 days to determine whether the enforcement plan is sufficient to demonstrate the
avoidance of undesirable results. If no enforcement plan is submitted to KGA, the KGA Board may
recommend policies or programs to the member(s) that could, in its discretion, take to remedy the
existence of a management area exceedance(s) and to avoid undesirable results.
KGA Member Agencies are committed to managing groundwater levels at or above the MO.
Groundwater elevations between the MO and MT provide operational flexibility that balances shortterm water level declines due to drought conditions, while allowing access to previously banked
surface water that provides a critical supply when local and imported surface waters are limited. To
avoid undesirable results, each KGA Member Agency has committed to the following actions:
1. Manage groundwater levels in their respective management areas at or above the MO set
for their Regional Monitoring Wells (RMW).
2. Manage to a water budget that will collectively eliminate the KGA Member Agencies
deficit of 239,346 AFY by 2040 (see Section 2.4),
3. Implement projects and management actions identified in Section 4.0 of the KGA Umbrella
GSP and further described in each MAP.
As described above and demonstrated in Figure 1, in the Kern Subbasin, Sustainable Management
Criteria are more robust than the SGMA prescribed Undesirable Results, MO and MT. Sustainable
management begins with early identification of potential minimum threshold exceedances and
coordinated actions to address those early exceedances.
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Figure 10. Process of Minimum Threshold Trigger to Undesirable Result

An undesirable result is a condition that occurs throughout the Subbasin, demonstrating that the
Subbasin is not sustainably managing groundwater conditions in the aggregate and that impacts to
beneficial users are occurring on a scale (spatially and temporally) that is significant and
unreasonable to beneficial users and groundwater managers alike. However, the KGA recognizes
that as groundwater approaches an undesirable result condition, exceedances of minimum thresholds
will likely progressively occur in the absence of intervention, beginning with isolated exceedances
which could impact beneficial users. Table 1 lists the KGA management areas and data used to
calculate a management area exceedance and undesirable result which accounts for approximately
55% of the basin and does not include the management areas of the other GSAs; however, Figures 32 and 3-3 include all the management areas including the other GSAs.
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Table 1. Number of Monitoring Wells that Trigger A Management Area Exceedance
# of
Representative
Wells

# of Well Exceedances
to Trigger
Management Area
Exceedance Criteria

Acres in
Management
Area

Percentage of
Subbasin

Cawelo GSA

7

3

62,616

3.5

Eastside Water Management Agency

6

2

38,222

2.1

Kern-Tulare Water District (in Kern)

6

2

11,219

0.6

MA-1 (Old District)

8

4

61,741

3.4

MA-2 (RRID)

2

1

5,802

0.3

KCWA-Pioneer GSA

5

2

2,233

0.1

Kern Water Bank Authority

0

0

20,490

1.1

Rosedale-Rio Bravo WSD

19

8

48,610

2.7

Southern San Joaquin MUD

10

4

65,693

3.7

Shafter-Wasco Irrigation District

7

3

39,980

2.2

7th

3

2

10,045

0.6

MA-1 (Pond Poso)

6

2

82,638

4.6

MA-2 (Buttonwillow)

5

2

92,633

5.2

MA-3 (Undeveloped)

2

1

49,140

2.7

North Project MA

6

2

521

0.0

South Project MA

17

7

889

0.0

Western Watch Area 1

n/a

n/a

183,128

10.2

Lake Watch Area 1

n/a

n/a

653

0.0

LSMV Watch Area 1

n/a

n/a

1,947

0.1

3

0

195,263

10.9

Lost Hills Watch Area 1

n/a

n/a

33,191

1.9

Southwest Watch Area 1

n/a

n/a

48,739

2.7

n/a

n/a

210,034

11.7

KGA Management Area

North Kern WSD

Standard Annex

Semitropic GSA

West Kern GSA

Westside Districts Water Authority
Westside District MA

Non-District White Lands Watch Areas 1
1.

“Watch Areas” are areas with no significant groundwater use and no planned groundwater use as documented by the management area member agency. Water
areas will be monitored for land use changes and groundwater conditions which could change its designation to a “management area” with specified SMCs.
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Defining the point of a Subbasin level undesirable result begins with a defined level of significant
and unreasonable impacts to beneficial users, both spatially and temporally, within each
management area of the Subbasin. The accumulation of impacts to beneficial users throughout the
Subbasin, and across multiple management areas, representing a persistent and prevalent occurrence
of impacts to beneficial users is considered an undesirable result.
For Chronic Lowering of Groundwater Levels, the Kern Subbasin has defined the occurrence of an
undesirable result as the level of impacts affecting either:
•

15% of the Subbasin area, measured as the combined acres of three adjacent management
areas with Management Area Exceedances, or

•

30% of the Subbasin area, measured as the combined acres of any management area with
Management Area Exceedances.

The criterion of three adjacent management areas of at least 15% of the Subbasin was developed to
recognize a condition where degrading groundwater conditions from one management area spreads
to adjacent management areas. This criterion recognizes that even the lesser percentage of the
Subbasin (15%) as a contiguous area is significant with regards to the potential for further
degradation of groundwater conditions across the Subbasin. The criterion of 30% of the Subbasin
(generally non-contiguous management areas) recognizes a condition of widespread degradation of
groundwater conditions across the whole of the Subbasin and across a diverse demographic of
beneficial users, operational and geologic landscape.
Figure 2 provides an example of the occurrence of an undesirable result when Management Area
Exceedances have occurred in at least three (3) adjacent management areas that represent at least
15% of the Subbasin (as measured by the acreage of each management area). In this example,
Management Area Exceedances have occurred in three adjacent areas where the acreage totals more
than 15% of the Subbasin total (defined in Section 3.3).
Figure 3 provides an example of the occurrence of the undesirable result criteria when Management
Area Exceedances have occurred in greater than 30% of the Subbasin (as measured by the acreage of
each management area). In this illustrative example, Management Area Exceedances have occurred
in seven (7) separate management areas where the acreage totals more than 30% of the Subbasin
total (defined in Section 3.3). This criterion recognizes a widespread occurrence of groundwater
conditions across the whole of the Subbasin and across a diverse demographic of beneficial users,
operational and geologic landscape.
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Figure 2. Example of Undesirable Results Criteria for 15% of Adjacent Management Areas
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Figure 3. Example of Undesirable Results Criteria for 30% of Subbasin
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Deficiency 2 – The Plan does not set minimum thresholds for chronic lowering of
groundwater levels in a manner consistent with the requirements of SGMA and the
GSP regulations
DWR staff’s review of the Plan indicated that the approaches used and the level of analysis to
support those approaches, is disparate across the various management area plans. Thus, DWR staff
developed Table 2.
a) For deficiency 2, DWR staff provided Table 2 that provided individual and helpful
specific concerns and suggestive corrective actions for the GSAs and their management
areas to address.
The Kern Subbasin GSAs held the weekly meetings to coordinate responses to the deficiencies
identified in Table 2. During one of the consultation meetings, a matrix which generally describes
each entities response to the specific deficiencies identified was presented, DWR staff indicated that
the Kern Subbasin was moving in the right direction however needed to explore impacts to all
beneficial users and uses as well as addressing what was being avoided by the actions. Please see the
table presented below but note that the information in the table below is only a summary of the
discussion and response to the DWR Table 2 and to understand more specific information, the
management area plans provide greater details.
The KGA moved forward in exploring the impacts to their beneficial users and uses as well as
considering the impacts to those adjacent GSAs. The KGA also explored what was being avoided by
their actions of managing to the measurable objectives. The members of the KGA all agreed that
they were and are working to avoid the impacts or unmitigated dewatering of municipal and
domestic wells while balancing the impact to the agricultural beneficial users in their respective
management areas since most, if not all, of the KGA members have more agricultural users than
municipal and domestic users. They continued by analyzing water wells depths which was the
original justification for the setting of their SMCs. See table 3 for the breakdown of beneficial users
and uses in each KGA management area as well as how or if any impacts will occur with the current
SMCs set. If there is an impact, see the note about how each KGA member will or has developed a
mitigation plan/strategy for impacts.
The KGA members also have agreed that they are managing to their measurable objectives and are
managing to their water budgets (checkbook). They have also agreed that if there is more than a 5%
of dewatering of wells in their management area, a mitigation plan will or is already developed. This
is also explained in great detail in their individual management area plans.
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Table 2a. KGA Management Area Responses to Deficiency 2, Table 2
KGA
Management
Area
Areas Outside of
Management
Areas

Summary of DWR Plan Interpretation

DWR Suggested Corrective Action

Proposed Response

The KGA GSP provides little information on the
characteristics of non-management-area portions of its
GSP area and does not appear to set any sustainable
management criteria for these areas. The table of page
297 of the Coordination Agreement indicates that nondistricted lands account for 18,013 acre-feet per year of
total demand, which Department Staff note is a larger
volume than occurs in many of the areas covered by the
management area plans.

Provide a comprehensive discussion of areas covered by the
KGA GSP, but that are not contained within the various
management area plans. Among other items, provide maps
of these areas, describe the uses and users or groundwater
in these areas, and either set sustainable management
criteria for these areas or include robust discussions
justifying why sustainable management area are not
required.

Cawelo GSA

The KGA GSP Cawelo management area established
minimum thresholds for chronic lowering of groundwater
levels based on the conditions experienced over the past
10 years. The minimum threshold is set 80 feet below the
historic low between 2007 and 2016. Cawelo states that
most wells have been drilled deeper and undesirable
results associated with drought are unlikely. While it
appears during a meeting held in 2019, Cawelo received a
presentation on impacts to wells given various minimum
thresholds, a discussion of impacts to beneficial uses and
users of the adopted minimum thresholds is not provided.

The KGA GSP must describe how the minimum thresholds in
the Cawelo management area may affect the interests of
beneficial uses and users of groundwater or land uses and
property interests.

The KGA Umbrella already has a description of the non-districted lands in the
Umbrella with maps of those areas however at the time of the GSP submittal,
the KGA Board’s approach was to remove those lands from the GSA if the
landowner was not or had not signed on with a management area (KGA
member). Now the direction provided by the KGA Board is to retain all lands
and continue to monitor (watch) those lands. Since the very first submittal of
the annual reports, the non-districted lands have been included and that will
continue. Most of the non-districted lands have oil and grazing activities and
those irrigated acres have been reduced with the annexation of the 7th
Standard area into the Shafter-Wasco Irrigation District, the establishment of
the Eastside Water Management Area and landowners signing agreements
with KGA members to be covered by their MAP. The Umbrella will be updated
to reflect the direction of the KGA Board, updating of the map reflecting the
only those non-districted lands left as well as a map reflecting the lack of water
wells in the area of activities of oil and grazing. The Umbrella will also have a
“robust” discussion as to the justification of having the non-districted area as a
“watch area” which will be also with maps reflecting oil field locations and
water quality not conducive to irrigation of crops.
The Cawelo MAP is attempting to avoid significant and unreasonable impacts
to a significant number of private, agricultural, industrial, domestic and/or small
water system wells due to the management and use of groundwater under
SGMA that would cause these wells to either be unable to continue to supply
water for their intended beneficial use, or incur significant economic impacts to
continue operation of the well. The Cawelo MAP identified 76 small water
system or private groundwater wells and 197 agricultural and industrial water
supply wells. Five community and 12 non-community small water systems
were identified that provide water for residential or institutional use. The largest
of these is the Kern County Sheriff’s Lerdo Detention Facility which houses up
to 2,300 inmates and up to 500 employees.
A well completion analysis was conducted that compared the MT from the
nearest RMW to the well screen interval and saturated thickness for 290 water
supply wells. The analysis indicates that most wells in the Cawelo MAP are
constructed sufficiently deep to accommodate the MTs in all but 3 (3%) of the
domestic and small water system wells and 1 (<1%) of the agricultural and
industrial wells being potentially vulnerable. The four community water
systems were considered to be completed sufficiently deep so as to
accommodate the MTs in their areas.
Furthermore, to address DWR’s comment “cc” in Table 2 of the Final
Determination Letter, the Cawelo MAP will develop a summary table
identifying for each sustainability indicator, the respective beneficial users /
uses considered, potential effects to beneficial users / uses, summary of
undesirable result causes, local undesirable result criteria / definition,
justification for the local undesirable result criteria / definition, minimum
threshold(s) definition, justification for the minimum threshold(s), and
measurable object definition. The minimum threshold(s) definition will include a
summary of how the conditions will avoid undesirable results for the other
sustainability indicators.

Eastside Water
Management Area

While it appears that Eastside is protective of dewatering
wells, all the minimum thresholds are below historical lows
and the impacts of the established minimum thresholds for
chronic lowering of groundwater levels on beneficial uses

The KGA GSP must describe how the minimum thresholds in
the Eastside management area may affect the interests of
beneficial uses and users of groundwater or land uses and
property interests.

The EWMA will perform a well impact analysis to describe potential impacts to
beneficial users. The analysis will artificially drop water levels to the minimum
thresholds for RMWs and review potential impacts to ag and domestic wells in
an area of influence at each RMW. The EWMA’s beneficial users consist

Coordination with Neighboring Districts
KGA members that are adjacent to those non-districted lands
where there exists beneficial uses and users, which are very
limited areas, considered them as they were setting their SMC
and continue to consider as they manage under SGMA.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
Cawelo GSA coordinated the Cawelo MAP RMW MTs with
neighboring MAP RMW MTs. During the coordination no
recommended MT adjustments were identified. Cawelo GSA will
continue to coordinate with neighboring GSAs / MAPs to identify
potential future issues.
Other Cawelo MAP revisions that demonstrate coordination will
include:
• Addition of the KGA Exceedance Policy as the first
Management Action in the MAP, to be implemented
immediately.
• Documenting the well impact analysis was used to
identify potential impacts to beneficial users / uses
consistent with KGA MAPs.
Addition of a Domestic Well Mitigation Program to be considered
by the Cawelo GSA Board, if deemed necessary and
appropriate, to assist in offsetting costs for domestic well issues
related to dewatering of pumps and/or well screens to the point
of significant reduction in production.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
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and users are not discussed. Eastside is aware that there
are domestic wells within the management area; however,
“the full extent and distribution of active domestic wells
within the Management Area is currently unknown”.
Kern Water Bank
Management Area

Kern-Tulare Water
District

The KGA GSP Kern Water Bank management area can
only recover groundwater that has previously been stored
minus losses that have been applied. The Kern Water
Bank states that “[a]n extensive Mitigation Monitoring
Reporting Program (MMRP) has been developed by DWR
for the KWB Storage Project that reduces impacts from
operations to less-than significant, and undesirable results
are not present or are not likely to occur.” It is
acknowledged that pumping operations can cause
lowering of groundwater levels in adjacent areas and
threshold water levels have been established in the Joint
Operation Plan. The threshold water levels in the Joint
Operation Plan are based on DWR KWB Model and a
model developed by Rosedale-Rio Bravo Water Storage
District. “When the With‐Project conditions are fifteen (15)
or forty‐five (45) feet deeper than the Without‐Project
conditions at any operative domestic or agricultural well,
respectively, and mechanical failure or other operational
problems have occurred or are reasonably likely to occur
due to declining water levels, mitigation will be provided
…” The 15‐foot threshold is essentially the point when the
projects have had a discernable influence on
Domestic/Small Community users. The 45‐foot threshold
for Agricultural users recognizes the significant economic
benefits resulting from higher groundwater elevations
provided by the projects through time, and that agricultural
wells in the area are completed to greater depths.
The management area plan states that chronic lowering of
groundwater levels is the major cause of undesirable
results for reduction in groundwater storage and land
subsidence. Kern-Tulare management area plan utilized
historical groundwater level data from 2006 to 2018 for
wells perforated at the Santa Margarita Formation and
projected out the trendline to 2040. These values ranged
from -120 to -190 feet mean sea level. The district then
selected -150 feet msl as the minimum threshold for each
of the well sites. The lowest groundwater level the
management area has experienced is -51.8 feet.
The Kern-Tulare management area plan states that “water
users within the District are the predominant users of the
Santa Margarita Formation” and that minimum thresholds
may impact groundwater users within the management
area by requiring an overall reduction in groundwater
pumping to ensure the minimum threshold is met;
however, no discussion is provided describing the impacts
to beneficial uses and users.

While the Department understands the unique circumstances
with the Kern Water Bank, compliance with SGMA and the
GSP Regulations is still a requirement and while the
thresholds established in the Joint Operation Plan are being
utilized to meet these requirements, all parts of the GSP
Regulations related to the sustainable management criteria
must be addressed. The KGS GSP must provide an
explanation of how the Join Operation Plan meets the
requirements of SGMA and the GSP Regulations.
It is also noted that the Joint Operation Plan expired on
January 31, 2019. Provide an updated explanation if these
thresholds have changes and the latest Joint Operation Plan
if applicable.7th

primarily of ag/production wells, a number of domestic wells and one municipal
well. The EWMA will ensure well information in the analysis includes all
current, publicly available data.

groundwater elevation at or above the measurable objectives in
each member agencies management area(s).

The Joint Operations Plan protects beneficial users impacted by lowered water
levels resulting from KWB operations with the 15- and 45-foot triggers. The
Plan has been renewed through 2023 and thresholds have not changed. If the
Joint Plan is not renewed at some point in the future, the KWB Long-term Plan
will take precedence.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).

The KWB can only recover water stored previously, so KWB operations cannot
cause a reduction of native groundwater supplies. Therefore, the “threshold”
for a reduction of native groundwater supplies for the KWBA is when stored
water accounts (less prescribed losses) are zero.

In addition, the Kern Water Bank MOU, which has been
negotiated with adjoining groundwater stakeholders, prescribes
groundwater quality thresholds.

The objective of the water quality measures in the KWB MOU is to export
more salt than is imported by storage operations and the threshold is to
maintain a positive salt balance. The objective of the mitigation measures in
the DWR MMRP is to identify and mitigate as necessary potential threats to
water quality that may be discovered on KWB lands such that potential
impacts will be less-than-significant. The objective of the Pump-in Policy and
Improvement District 4 standards is to minimize impacts to water quality in the
Cross Valley Canal and Aqueduct and the threshold is to meet these
requirements through modifications to recovery pumping if necessary.
InSAR and extensometer data indicates inelastic subsidence has not occurred
during 27 years of operations. KWBA will continue to monitor both InSAR data
and extensometer data and develop thresholds and management actions
should inelastic subsidence develop in the Kern Fan area.

The KGA GSP must provide an explanation of how minimum
thresholds within the Kern-Tulare management area at the
monitoring sites are consistent with the requirement to be
based on a groundwater elevation indicating a significant and
unreasonable depletion of supply at a given location. If the
minimum thresholds were not set consistent with levels
indicating an undesirable depletion of supply, the thresholds
should be revised accordingly.
Provide a discussion identifying how the minimum thresholds
may affect the interests of beneficial uses and users of
groundwater or land uses and property interests.

In order to develop the minimum threshold, the District initially started with the
lowest water surface elevation experienced historically in the Santa Margarita
Formation (SMF) which occurred during the peak of the drought in August
2015 at -52 ft msl. Landowners did not have any significant or unreasonable
impacts occur at this level. Next, the District discussed SMCs with the
Eastside Water Management Area (EWMA) who are adjacent to and upslope
of the District and also rely upon the SMF. EWMA wells are shallower and will
go dry before wells in the District. EWMA established minimum thresholds at
each individual well site based on the allowance of drawdown to 20% of the
saturated water column height above the bottom of the well and was increased
on a well-by-well basis to take into account the amount of head above the
existing pump intake. EWMA had determined that the minimum threshold
required in a representative monitoring well on the eastern border of the
District (Well 04) that extracts groundwater out of the SMF should be set at 133 ft msl. Based on landowner feedback and coordination with EWMA, the
minimum threshold for groundwater elevation in wells perforated to the SMF
was set at -150 ft msl which ranges as a depth to water from about 600 to 830
ft. At this elevation, no agricultural wells perforated to the SMF will go dry.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).

Agricultural users are the only beneficial users of the SMF. The minimum
threshold prevents continued lowering of groundwater elevations which may
impact agricultural users that do not have access to water supplies other than
groundwater.
All domestic wells within the District are drilled to depths of less than 700 ft
and do not reach the SMF (1800-2400 ft bgs). As shown in Figure 2-17 of the
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KTWD MAP Basin Setting, groundwater levels in the upper aquifer that
supplies the domestic wells are either stable or rising.
North Kern WSD/
Shafter-Wasco ID

The KGA GSP North Kern/Shafter-Wasco management
area plan identifies three management areas, two
managed by North Kern WSD and the third managed by
Shafter-Wasco ID. In looking at Figure 3-2, management
area NKWSD-MA-2 does not have minimum thresholds
established.
A well impact analysis of the equivalent minimum
threshold average values (represented as depth to
groundwater) for each HZ was used to determine that a
portion of the existing wells are impacted to varying
extents. Based on results of the well impact analysis, the
management area plan states that is can be assumed
many wells will remain operational and that water levels
can drop without causing undesirable results which cannot
be mitigated. Agricultural wells would be mitigated by
landowners. While the management area plan states that
mitigation to domestic wells would be necessary, there is
no mention of who would implement the mitigation effort.

The KGA GSP must establish sustainable management
criteria for management area NKWSD-MA-2.
The KGA GSP must be revised to explain how minimum
thresholds within the North Kern Water Storage
District/Shafter-Wasco Irrigation District management area at
the monitoring sites are consistent with the requirement to be
based on a groundwater elevation indicating a significant and
unreasonable depletion of supply at a given location. If the
minimum thresholds were not set consistent with levels
indicating an undesirable depletion of supply, the thresholds
should be revised accordingly.
Verify how the subset of wells used in the well impact
analysis is representative of wells in the management area.
Provide an explanation of the mitigation plan for domestic
wells.

North Kern Water Storage District has identified two representative monitoring
wells for MA-2 (Rosedale Ranch). A well impact analysis was conducted, MOs
and MT were established with consideration for potential impacts to beneficial
users and coordination with surrounding RMWs.
A description will be provided to explain how the quantity above fresh water is
so substantial that depletion of supply is not a significant issue in the Kern
County Subbasin and that groundwater levels at the MT are protective of
groundwater in storage. In each management area, the quantity of water that
exists between March 2020 water levels and MT’s will also be calculated, to
show the correlation between the water budget and the MT depths.
An updated Well Impact Analysis was conducted using DWRs Well
Completion Report database. The MAP will be updated with the current
analysis that is consistent with assumptions and methodology used by
neighboring districts and demonstrate how wells are representative. The Well
Impact Analysis was used to determine MOs and MTs for RMWs avoiding
significant and unreasonable impacts to municipal wells and mitigated
domestic wells. MOs and MTs could be further to reduce the number of other
beneficial users impacted and/or better coordinate with surrounding RMWs.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
In addition to using the well impact analysis, calculating the MO
and MT for the two new wells included interpolating a
coordinated level based on RMW’s along a north-south and eastwest line. This method included wells from KRGSA, RRB, SWID,
and CWD. A coordinated MO and MT was selected.
Additionally, MT at MA-1 most southern RMW, 0.5 miles from a
KRGSA RMW, will be raised by 50 ft and recommended to
KRGSA lower corresponding MT by 30 ft.
KGA Member Agencies have committed to managing
groundwater conditions using water budgets that avoid
groundwater overdraft, where present, and the goal is to
maintain groundwater elevation at or above the measurable
objectives in each member agencies management area(s).
Second set of neighboring RMW between NKWSD and KRGSA
also recommended for same MT adjustments. Coordination with
SWID and Cawelo, which will also raise other MTs for select
RMWs in NKWSD.
MTs for RMWs in the southern portion of SWID will be raised 50ft for coordination with neighboring districts.
Other changes that demonstrate coordination will include:
− Adding KGA Exceedance Policy as a Management Action
− Documenting the methodology used for the Well Impact
Analysis is consistent with KGA Member Agencies
− Implementing a Domestic Well Mitigation Program as a
Management Action

Kern County Water
Agency Pioneer
GSA Management
Area

The Pioneer management area minimum thresholds are
“calculated for each representative well by using the
difference between the historical maximum and minimum
values, calculating 20 percent of that range and
subtracting the 20 percent value from the historical
minimum value.” However, the management area provides
no further information or description (e.g., details of the
well and pump information) for beneficial uses and users.
Based on Table 7-1, it appears the minimum threshold
represents a substantial reduction in groundwater levels
relative to recent (i.e., 2011-2019) levels, which, at their

The KGA GSP must explain the selection of groundwater
level minimum thresholds for the Pioneer management area,
including how they represent site-specific levels of depletion
that could cause undesirable results, how they may affect
the interests of beneficial uses and users of groundwater,
and the relationship between this sustainability indicator and
other sustainability indicators such as degradation of
groundwater quality and subsidence, both of which can be
exacerbated by lowering groundwater levels.

1.

The Pioneer GSA has calculated and set thresholds to provide
operational flexibility and maintain long-term sustainability for the
beneficial uses and users of groundwater within its MAP Area. As
the sole beneficial user of groundwater in the MAP, the Pioneer
Participants were consulted during the GSP development process to
ensure thresholds and undesirable results criteria accurately
represented the quantitative and qualitative conditions as directed by
SGMA regulations. The Pioneer Participants have determined that
groundwater level and groundwater storage conditions that would be
expected at a MT Trigger would represent undesirable conditions for
their normal and sustainable banking operations. These conditions

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
The Pioneer GSA has coordinated with neighboring GSAs
(Rosedale-Rio Bravo Water Storage District and the Kern Water
Bank Authority) regarding the thresholds; no conflicts or issues
were identified. Ongoing coordination with both agencies will
continue through the Joint Operating Plan and the Kern Fan
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lowest point, appear to be just over 250 feet below ground
surface. Without any further description provided in the
management area plan, Department Staff cannot assess
whether the minimum thresholds are reasonable and
substantially comply with GSP Regulations.

Rosedale-Rio
Bravo
Management Area

Rosedale Rio Bravo conducted an analysis of the
economic impacts of continued groundwater lowering,
examining the costs for each 25-foot increment of
lowering, and concluded that any “additional reinvestment
in groundwater facilities [beyond those already
experienced] …would be deemed an undesirable result.”
Therefore, groundwater level thresholds are set at the low
point of the last drought. The management area plan
states that they would consider an undesirable result to
occur if two of either the North, Central, or South of the
River Zones exceed their thresholds, or if the threshold
was exceeded in any of the South or East Zones. Why
thresholds are allowed to be exceeded in one of the North,
Central, or South of the River zones without agency
considering that to trigger an undesirable result was not
adequately explained. Adequate explanation is also
lacking regarding whether the triggering of an undesirable
result in any of these zones trigger the entire Rosedale Rio
Bravo management area to become an undesirable result
watch area, or if only the area of the triggering monitoring
zone(s) would contribute to the Subbasin-wide tracking of
undesirable results.

The KGA GSP must provide clarification regarding why
minimum threshold exceedances are allowed to occur in one
of the North, Central, or South of the River zones for this
management area (i.e., why it takes two of those zones to
exceed their threshold before the management area plan
considers an undesirable result to have occurred). Describe
any projects or management actions that may be
implemented if the minimum threshold is exceeded in one of
those areas and users are impacted but an undesirable result
is not triggered.

include increased operation costs due to increased energy
requirements for pumping deeper water, lowering pumps, and
additional operational maintenance requirements.
2. MTs were set in the Pioneer Management Area to allow for an
appropriate margin of operational flexibility for the sustainable
operation of the Pioneer Project (the sole beneficial use). Through
coordination efforts, neighboring GSAs’ MTs and MOs were also
taken into consideration to ensure protection of nearby beneficial
uses and users outside of the Pioneer Management Area (as
discussed further in Section 1.5, Existing Water Management
Programs).
In addition, a spatial analysis of MTs and water level trends was performed to
ensure relative consistency between the MTs of the Pioneer Management
Area and those set in adjacent management areas, and no conflicts or issues
between Pioneer and its neighbors were identified.
3. An analysis of historical groundwater quality and groundwater level
data was performed to estimate groundwater quality if groundwater
level minimum thresholds were to be reached. Results of the
analysis show that no groundwater quality thresholds are expected
to be exceeded at the minimum thresholds. This analysis
demonstrates that the minimum thresholds will not negatively impact
groundwater quality in the Pioneer MAP Area and will not negatively
impact Pioneer Project operations (the sole beneficial use). The
Pioneer GSA will continue to monitor groundwater levels and
groundwater quality to ensure the historically observed trend does
not change under future conditions.
MTs were set to mitigate the potential for land subsidence by relying on the
Pioneer Project’s current and historical sustainable management of
groundwater levels, noting that no undesirable results with respect to land
subsidence have been identified historically and that subsidence elastically
responds to groundwater banking operations in the Pioneer Project GSA Area.
RRBMA will include all the monitoring areas into one singular Management
Area. While the monitoring areas will remain the KGA coordinated triggers
will be applied to the whole of the RRBMA (MA). The monitoring areas are
strictly geographical areas that will be utilized to provide the RRBMA with data
and information pertaining to each sustainability criteria and the corresponding
to unique beneficial uses within each monitoring area.
RRBMA conducted additional well impact analysis analyzing the number,
percentage, age, and type of wells that would be impacted at a revised MT of
50’ and 75’ below the low point of the last drought. The MT was revised to
approximately 50’ below the historical low point considering the number of
domestic wells that may require replacement (less than 3). These wells would
be mitigated by existing mitigation requirements with the RRBMA or by
proposed adaptive management actions (see section 7.5).

Monitoring Committee MOUs (as described in Section 1.5,
Existing Water Management Programs).
The Pioneer GSA has coordinated with Kern River GSA
(KRGSA) regarding the thresholds; no conflict or issues were
identified. Ongoing coordination with the KRGSA will continue as
described in Section 1.5, Existing Water Management Programs.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and that maintain
groundwater elevations at or above the measurable objectives in
each member agency’s Management Area.
To provide clarity and to better coordinate with neighboring MA’s,
RRBMA prepared multiple groundwater level and MT crosssections in the general direction of groundwater flow and
crossing multiple MA’s. MT’s and MO’s were compared and
adjusted to the projected water levels for consistency across the
coordinating MA’s.
RRBMA coordinated groundwater level MO’s and MT’s with the
following GSA’s and MA’s:
1.
2.

3.

Buena Vista WSD GSA
Kern Groundwater Authority GSA
a. North Kern Water Storage District
b. Shafter Wasco Irrigation District
c. 7th Standard Annex
d. West Kern Water District
e. Pioneer Project
Kern River GSA
a. Improvement District No. 4
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Semitropic GSA

The KGA GSP Semitropic Water Storage District
management are plan further divides the management
area into three management areas. In comparing the map
of the monitoring well sites (Figure 3-1) and Table 3-1
which summarizes the minimum thresholds, Department
staff were not able to correlate the two.
The management area plan states that there are
thresholds for the upper zone wells in Appendix B-3;
however, Department staff could not locate this appendix
and it is not clear how these thresholds were established,
and the location of the monitoring sites assigned these
minimum thresholds.
A well impact analysis of the equivalent minimum
threshold average values (represented as depth to water
values) for each HZ was used to determine that a portion
of the existing wells are impacted to varying degrees.
Based on results of the well impact analysis, the
management area plan states that is can be assumed
many wells will remain operational and that water levels
can drop without causing undesirable results which cannot
be mitigated. Agricultural wells would be mitigated by
landowners. While the management area plan states that
mitigation to domestic wells would be necessary, there is
no mention of who would implement the mitigation effort.

SWID 7th Standard
Annex

The KGA GSP Shafter-Wasco Irrigation District
management area calculates the minimum thresholds for
chronic lowering of groundwater levels by “projecting a
theoretical future water groundwater elevation based on
the assumption that the conditions experienced over the
ten-year period 2006-2016 (Spring measurements)
continue through 2016 to 2040” at each of the three well
sites. The management area plan claims this is done to be
consistent with what is being used by surrounding
management areas.

The KGA GSP must explain the selection of groundwater
level minimum thresholds for the Semitropic Water Storage
District management area, including how they represent sitespecific levels of depletion that could cause undesirable
results and the relationship between this sustainability
indicator and other sustainability indicators such as
degradation of groundwater quality and subsidence, both of
which can be exacerbated by lowering groundwater levels. If
minimum thresholds were not set consistent with levels
indicating a depletion of supply, the minimum thresholds
should be revised accordingly.
Reconcile Figure 3-1 and Table 3-1 to utilize the same well
naming convention so that Department staff and other
interested parties may correlate the two.
Verify how the subset of wells used in the well impact
analysis is representative of wells in the management area.
Provide an explanation of the mitigation plan for domestic
wells.

The KGA GSP must explain the selection of groundwater
level minimum thresholds for the Shafter-Wasco Irrigation
District Management Area, including how they represent sitespecific levels of depletion that could cause undesirable
results and the relationship between this sustainability
indicator and other sustainability indicators such as
degradation of groundwater quality and subsidence, both of
which can be exacerbated by lowering groundwater levels. If
minimum thresholds were not set consistent with levels
indicating a depletion of supply, the minimum thresholds
should be revised accordingly.

The management area plan examined the impacts of the
minimum thresholds and measurable objectives on wells
within the area and determined that there they would
potentially experience “excessive dewatering, [but] the
impacts would not be unreasonable and would be
mitigated through an Impacted Well Mitigation Program.”
It’s unclear if all the wells in the management area were
included in this impact analysis.

The SWSD MAP utilized a well impact analysis for determination of impacts to
beneficial users present in its three management areas for the lowering of
groundwater levels. This analysis included the level of impacts at various
levels of performance above the MT, including the MO. Additional description
and analysis will be presented in the MAP to clearly show levels of impacts to
beneficial users from current water levels down through the MO and MT levels.
While the SWSD MAP included a thorough analysis of water quality, additional
descriptions will be included to show the relationship between water quality
and groundwater levels. While the linkage is not as well defined for
subsidence, the SWSD MAP will include an expanded discussion, which will
also be consistent with the Subbasin wide approach to subsidence.
Figure 3-1 and Table 3-1 will be updated as appropriate.
Additional descriptions of the well impact analysis will be included to describe
the wells used for the well impact analysis and their representation of the wells
within the three SWSD GSA management areas. The SWSD GSA is
developing a mitigation program, and a complimentary funding program, for
the appropriate mitigation of impacts to domestic wells. These will be
described in the SWSD MAP.

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
RRB: Incorporated comments from RRB as noted:
Edits to Management Action 2 to more closely align
with RRB’s water budget and charges program
Added additional RMW’s to management area
adjacent to RRB
Added KGA Exceedance Policy as Management
Action
Added Domestic Well Mitigation as Management
Action
SWID/NK: Discussions regarding beneficial users and well
impact analysis
BV, Westside, Wheeler, Henry Miller: Coordination regarding
development of SMC for subsidence relative to California
Aqueduct

SWID 7th Standard Annex Management Area will raise the MTs for Chronic
Lowering of Groundwater Levels by 50 feet based on coordination with
adjacent Management Areas to maintain the MT gradient to be similar to the
current groundwater elevation gradient and to reduce risk of creating
Undesirable results.

The SWID 7th Standard Annex MAP (Section 4.5.2 Public
Meetings Summary) documents the direct outreach and
coordination efforts with neighboring districts that addressed
identified potential conflicts of MT and MT development
processes.

The SMC section of the SWID 7th Standard Annex Map (“the MAP”) will be
reorganized to make it more consistent with the DWR BMPs and
Determination Letter. More explicit section headers will be added, including
Relationship with Other Sustainability Indicators, Impact to Adjacent
Management Areas and Basins, Impact to Beneficial Users,
State/Federal/Local Standards, and Measurement of MTs. Some sections will
be expanded to better address DWR’s comments on the MAP in its
Determination Letter. Refinements will be made to standardize language and
triggers to match Basin-wide definitions.

The MTs within the SWID 7th Standard Annex MAP have been
developed in consideration of and in coordination with the MTs
established in neighboring water agencies within the Kern
Subbasin. The methodology used to develop the MTs is
generally consistent with the approach taken in several
surrounding Management Areas (i.e., Shafter-Wasco Irrigation
District Management Area, Rosedale-Rio Brave Water Storage
District, and North Kern Water Storage District Management
Area), in that all of the approaches consider historical water level
trends, well construction information, and projected groundwater
levels.

The MAP will clarify that MTs for Chronic Lowering of Groundwater Levels
were set at levels that would avoid depletion of supply that would lead to
Undesirable Results. Local Undesirable Results criteria justification will be
updated with a well age analysis and an expanded well impact analysis by
beneficial user category. The MAP will clarify that the well impact analysis
includes all wells within the Management Area, including wells compiled from
the stakeholder survey and domestic well information from the DWR database.

The SWID 7th Standard Annex Management Area will raise the
MTs and MOs for Chronic Lowering of Groundwater Levels by 50
feet based on coordination with adjacent Management Areas.

The Impacted Well Mitigation Program that was considered by SWID
landowners and funded in the Proposition 218 in 2019 will be explained to
include more details.
Southern San
Joaquin MUD

The KGA GSP Southern San Joaquin Municipal Utility
District management area, in establishing minimum

The KGA GSP must explain the selection of groundwater
level minimum thresholds for the Southern San Joaquin

A description will be provided to explain how MTs represent site-specific levels
of depletion that could cause undesirable results and the relationship between

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
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thresholds for chronic lowering of groundwater levels, the
management area was dived into hydrogeologic zones
(HZ).
A well impact analysis of the equivalent minimum
threshold average values (represented as depth to
groundwater) for each HZ was used to determine that a
portion of the existing wells are impacted to varying
extents. Based on results of the well impact analysis, the
management area plan states that is can be assumed
many wells will remain operational and that water levels
can drop without causing undesirable results which cannot
be mitigated. Agricultural wells would be mitigated by
landowners. While the management area plan states that
mitigation to domestic wells would be necessary, there is
no mention of who would implement the mitigation effort.

West-Kern Water
District

The KGA GSP West Kern Water District management
area plan describes it being divided into four management
areas (Lake, North Project, South Project, and Western).
Department staff note that Figure 1-2 shows an additional
management area (Little Santa Maria Valley), and
Appendix H consists of a draft GSP for this additional
management area. No sustainable management criteria
were determined for the Lake management area because
the District was unable to procure the groundwater level
data for the production wells in the area. No sustainable
management criteria were established for the western
management area because there is no groundwater usage
in the area; however, earlier parts of the management area
plan describe groundwater usage in this area as de
minimis without further explanation of the type of de
minimis users in the area. Due to the draft nature of the
material provided for Little Santa Maria Valley, Department
staff is unable to review the sustainable management
criteria for that portion of the KGA GSP.

Municipal Utility District management area, including how
they represent site-specific levels of depletion that could
cause undesirable results and the relationship between this
sustainability indicator and other sustainability indicators
such as degradation of groundwater quality and subsidence,
both of which can be exacerbated by lowering groundwater
levels. If minimum thresholds were not set consistent with
levels indicating a depletion of supply, the minimum
thresholds should be revised accordingly.
Verify how the subset of wells used in the well impact
analysis is representative of the wells in the management
area. Provide an explanation of the mitigation plan for
domestic wells.

The KGA GSP must provide sustainable management
criteria for all identified management areas.
The minimum thresholds must include a description of the
selection of groundwater level minimum thresholds, including
how they represent site-specific levels of significant and
unreasonable depletion of supply that could cause
undesirable results, how they may affect beneficial uses and
users of groundwater, and the relationship between this
sustainability indicator and other sustainability indicators
such as degradation of groundwater quality and subsidence,
both of which can be exacerbated by lowering groundwater
levels.

this sustainability indicator and other sustainability indicators such as
degradation of groundwater quality and subsidence will be described.
The total number of wells in each Management Area will be estimated using
DWRs Well Completion Report database, then compared against the dataset
used for the Well Impact Analysis. A statement will be added to explain that
the subset of wells in the Well Impact Analysis only included wells with a
complete record for construction details. The total number of known well
details will be compared against the total well counts in DWR’s database. A
mitigation plan will be developed prior to submittal to DWR.
A new Well Impact Analysis was conducted using DWRs Well Completion
Report database, then compared against the dataset used for the original
Analysis and Gailey model. There was significant discrepancy between each
dataset due to assumptions made to filter data. The MAP will be updated with
the current analysis that is consistent with assumptions and methodology used
by neighboring districts.

1.

WKWD has revised categorization of areas within the MAP to
match the Subbasin definitions. The WKWD MAP will contain two
management areas and three watch areas as follows:
− North Project Management Area
− South Project Management Area
− Lake Watch Area
− Western Watch Area
− Little Santa Maria Valley Watch Area
SMC were already provided for the two management areas. Watch areas have
no significant current or planned groundwater use and, therefore, SMC will not
be developed for the three watch areas.
2.
a. WKWD has determined that groundwater level conditions that
would be expected at a MT Trigger would represent undesirable
conditions for their normal and sustainable operations. These
conditions may include increased operation costs due to increased
energy requirements for pumping deeper water, costs to lower
pumps, costs to install treatment systems or seek alternate water
supplies due to degraded water quality, costs to remedy land
subsidence, and/or additional operational maintenance
requirements and costs.
b. WKWD is the primary beneficial user in the WKWD GSA area.
WKWD is the only groundwater user to pump, treat, and distribute
water from the WKWD MAP Management Areas.
WKWD calculated and set sustainable management criteria to provide
operational flexibility and maintain long-term sustainability for the
beneficial uses and users of groundwater within its MAP Area. As
the primary beneficial user of groundwater in the MAP, WKWD
was consulted during the GSP development process to ensure the
thresholds and undesirable results criteria accurately represented
the quantitative and qualitative conditions as directed by SGMA
regulations.
Through coordination efforts, neighboring GSAs’ MTs and MOs were
also taken into consideration to ensure protection of nearby
beneficial uses and users outside of the WKWD Management

groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
To better coordinate with neighboring districts, the Southern San
Joaquin Municipal Utility District evaluated their MTs with those
of neighboring districts to ensure values were consistent.
Coordination with neighboring districts determined no
recommended MT adjustments.
Other changes that demonstrate coordination will include:
− Adding KGA Exceedance Policy as a Management Action
− Documenting the methodology used for the Well Impact
Analysis is consistent with KGA Member Agencies
− Implementing a Domestic Well Mitigation Program as a
Management Action. While previously listed in their 2020
plan, additional information will be added to provide an
explanation of the mitigation plan for domestic wells.
KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
The WKWD GSA has coordinated with neighboring GSAs
regarding the thresholds; no conflicts or issues were identified.
Ongoing coordination with the other agencies will continue as
described in Section 1.5, Existing Water Management Programs.
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Area. In addition, a spatial analysis of MTs and water level trends
was performed to ensure relative consistency between the MTs of
the WKWD Management Area and those set in adjacent
management areas.
c. An analysis of historical groundwater quality and groundwater
level data was performed to estimate groundwater quality if
groundwater level minimum thresholds were to be reached. This
analysis demonstrates that the minimum thresholds will not
negatively impact groundwater quality in the WKWD MAP Area
and will not negatively impact WKWD operations (the primary
beneficial use). The WKWD GSA will continue to monitor
groundwater levels and groundwater quality to ensure the
historically observed trend does not change under future
conditions. Furthermore, groundwater delivered by WKWD for
domestic and industrial uses must meet Title 22 drinking water
standards. Any groundwater in exceedance of drinking water
standards is required to be treated and disinfected to meet such
standards. Any degradation of groundwater quality will be
identified during required routine water quality monitoring by
WKWD would be considered an undesirable result by nature,
regardless of groundwater levels.
MTs in the WKWD MAP Area were set to mitigate the potential for land
subsidence, noting that no undesirable results with respect to land subsidence
have been identified historically and that subsidence elastically responds to
groundwater banking operations in the Kern Fan aquifer. No infrastructure
damage relating to land subsidence has been documented in the WKWD MAP
area and the potential for future damage to critical infrastructure appears
unlikely due to the elastic response of subsidence to groundwater banking
operations. No long-term historical subsidence has been documented in the
WKWD MAP area and ground surface elevation has risen approximately 0.8
feet over time.
Westside Districts
Water Authority

The KGA GSP Westside District Water Authority (WDWA)
management area states that total groundwater demand is
3,000 acre-feet per year due to water quality; therefore,
the potential for significant lowering of groundwater levels
due to pumping is believed to be minimal. In establishing
minimum thresholds, the management area first divided
into two sentry coordination zones. There is one minimum
threshold established for Sentry Zone #1 and three for
Sentry Zone #2. These minimum thresholds are not
explained or justified. The established minimum thresholds
do not apply for the majority of the management area and
the rest of the management area is not being monitoring
for water levels. The management area plan states that
minimal pumping takes place within the management area
due to water quality; however, based on Figure 28a and
Figure 28b, subsidence appears to be occurring within the
middle of the management area. For this reason,
sustainable management criteria must be applied to the
entirety of the management area, including the
establishment of thresholds and monitoring.

The KGA GSP must explain the selection of groundwater
level minimum thresholds for the WDWA management area,
including how they represent site-specific levels of depletion
that could cause undesirable results, how they may affect the
interests of beneficial uses and users of groundwater, and
the relationship between this sustainability indicator and
other sustainability indicators such as the degradation of
groundwater quality and subsidence, both of which can be
exacerbated by lowering groundwater levels. If minimum
thresholds were not set consistent with levels indicating
depletion of supply, the minimum thresholds should be
revised accordingly.
The larger portion of the management area must establish
sustainable management criteria, including the establishment
of minimum thresholds and monitoring; otherwise, further
evaluation and justification is needed to negate management
criteria in this portion of the management area.

Due to naturally occurring poor groundwater quality, groundwater demand is
largely limited to use for blending with surface water from the Aqueduct.
Further, much of the WDWA is undeveloped range land or is used for oil and
gas production with no significant current or planned SGMA related
groundwater uses. Based on CV2Sim modeling the most significant change in
groundwater levels/storage is attributed to natural under flow from the WDWA
towards the axis of the Valley. The WDWA does not control this natural
phenomenon.
The WDWA has revised categorization of areas within the MAP to coordinate
with adjacent Management Areas and match the Subbasin definitions. The
revised WDWA MAP will contain a single management area and two Watch
Areas as follows:
− Lost Hills Watch Area
− Southwest Watch Area
An Additional Watch Area comprised of KGA Undistricted Lands, that are
interspersed within the two aforementioned Watch Areas, will also be included
in the revised MAP.
Once approved by the KGA Board, the revised SMC will initially include up to
three additional monitoring wells (total of six) in the WDWA Management Area.
Watch Areas have no significant current or planned SGMA related
groundwater use at this time and, therefore, SMC will not be developed for the
three Watch Areas (two WDWA, and one Undistricted Lands) unless
conditions change. In addition, the MO/MT for RMW 7106-03 which was
originally set using only CV2Sim modeling simulations due to a lack of actual
groundwater level data. The MO/MT adjusted to reflect recently acquired
actual groundwater level data. Prior to making this change the WDWA

KGA Member Agencies have committed to managing
groundwater condition using water budgets that avoid
groundwater overdraft, where present, and maintains
groundwater elevation at or above the measurable objectives in
each member agencies management area(s).
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coordinated with the adjacent water district, Buena Vista Water Storage
District and the KGA Board. Two of the new RMWs are the Lerdo Well 7
(35.528925,-119.629831) and the Starrh Well 3-8 (35.419371,-119.633266).
This brings the number of RMWs in the WDWA to a total of 5, with a projected
sixth RMW under review for inclusion.
Potential impacts to beneficial users were assessed through the use of
historical WDWA pumping volumes, land use, CASGEM well construction and
groundwater level data, the WDWA estimated water budget, and modeling
using the CV2Sim hydrogeologic model. Taken together this information
indicates that under current and projected conditions impacts to the principal
beneficial user should be within planned MOs/MTs and therefore impacts to
other users would be de minimis as expected groundwater levels would not
constitute an undesirable result.
Subsidence was assessed by the WDWA, and the findings were presented to
the DWR (CASP) staff on three occasions (January & April 2020 and June
2022). These studies concluded that causes other than agricultural
withdrawals, such as oil field activities, are a substantive contributor to
subsidence in the WDWA.
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Table 2b. KGA Management Area Responses to Deficiency 2, Comment CC to all GSPs
KGA
Management
Response to Table 2 “cc” groundwater level relationship to each sustainability threshold
Area
DWR Corrective Action (cc): All the GSPs must demonstrate the relationship between the minimum thresholds for each sustainability indicator, including an explanation of how the GSA has determined that basin conditions at each minimum threshold will avoid
undesirable results for each of the sustainability indicators.
• The chronic lowering of groundwater levels MTs are used as a proxy for groundwater storage for the respective RMW.
Cawelo GSA
• Based on available data, there is no direct correlation between water levels and trends in water quality within the Cawelo MAP. Therefore, water quality is used as a MT for the degraded water quality SMC to protect beneficial users and uses.
• Groundwater level MTs for land subsidence were determined to be lower than the MT for chronic lowering of groundwater level. Therefore, the chronic lowering of groundwater level MTs are protective for land subsidence.
• Interconnected surface water and seawater intrusion are not applicable to the Cawelo MAP.

Eastside Water
Management
Area

•

Groundwater Storage: The EWMA is using groundwater levels as a proxy for reduction in groundwater storage. Due to data gaps of the deeper aquifers not modeled in the original model and production wells perforated in multiple zones, levels are being
used until the basin-wide hydrologic study is completed and will be evaluated for the 2025 GSP update.

•

Groundwater Quality: TDS was selected as a constituent of concern due to the potential to be affected by groundwater pumping increases or decreases in the EWMA. The Santa Margarita Formation and the Olcese Sand contain higher-TDS groundwater at
more western locations and at greater depths. Continued pumping potentially could move the “fresh/saline” groundwater interface if not monitored and managed, as necessary. Therefore, the MT was set at 750 mg/L and the MO at 500 mg/L.
Land Subsidence: Minimum thresholds for Regional Critical Infrastructure have been established at the subbasin level. No regional critical infrastructure is located within the EWMA, therefore, no Undesirable Results are defined. The EWMA has not
proposed any local minimum threshold for management area critical infrastructure. The only critical infrastructure within EMWA are roads, pipelines, and wells and the EWMA is unaware of any costs incurred to replace or repair infrastructure due to
subsidence within the EWMA.
Groundwater levels are not used as a proxy for sustainability thresholds.

•

Kern Water Bank
Management
Area
Kern-Tulare
Water District

North Kern WSD/
Shafter-Wasco
ID

•

Groundwater Storage: The District is using groundwater levels as a proxy for reduction in groundwater storage. The groundwater level minimum thresholds were selected to avoid dewatering the SMF and the District’s management actions are focused on
pumping at or less than the sustainable yield. The minimum threshold selected ensures the District balances average annual inflows and outflows of groundwater so that a negative change in storage that results in lower groundwater levels does not occur.

•

Groundwater Quality: The District’s main groundwater quality concern is that immediately west of the District the SMF becomes saline. Recharge has fed fresh water from the east at a sufficient elevation to exert a westward hydraulic gradient in the SMF
maintaining the fresh-saltwater interface along the western border of the District. Over pumping of groundwater beneath the District has the potential to reverse the gradient so that saline water begins to move eastward. Since the groundwater level minimum
threshold has been placed below what has historically been experienced and the District knows changes in groundwater elevation differences has the capability to change the groundwater gradient, the District has selected to establish a separate minimum
threshold for groundwater quality as TDS < 750 mg/L. The District’s management actions aim to balance average annual inflows and outflows of water which reduces the potential for changing the groundwater gradient.

•

Land Subsidence: Minimum thresholds for Regional Critical Infrastructure have been established at the subbasin level. The District has not proposed any local minimum threshold for management area critical infrastructure. The only critical infrastructure on
the land surface within the District are roads, pipelines, and wells. Within the District, groundwater elevations have declined historically without creating a loss of functionality due to subsidence. The District is unaware of any costs incurred to replace or repair
infrastructure due to subsidence within the District. Even though significant impacts to infrastructure is not anticipated, the District’s management actions aim to balance average annual inflows and outflows of water which reduces the potential for additional
subsidence related to groundwater production.
Groundwater levels are used as a proxy for groundwater in storage, water quality, and subsidence.

•

Groundwater storage is determined at the Subbasin level. NK-SWID demonstrated that their MTs are set at a depth that is protective of groundwater storage by presenting a summary of average 2020 water levels, median well depth, MO, MT, and base of
fresh water. This data is also graphically displayed with the well impact study results.

•

Quality constituents of concern for the Subbasin were evaluated. Effects of water levels declining to the MT were evaluated based on historical data. Trend analysis indicates:
o Arsenic is released from pyrites bound in the E-clay, which is prevalent in SWID MA. Prevalence is largely correlated to well construction. Highest observed concentrations were 20 ppb between 2010-11, which represents hydrologically wet years. When
water levels declined to historic low (2018-19), arsenic levels declined. This is likely because less of the pumped water is in direct contact with the E-clay.
o Nitrate in shallow wells increased when water levels reach historic low. While there is a direct correlation, no projects or management actions are proposed through SGMA. The districts intend to coordinate with the Nitrate Management Zone mitigation
programs.
o TCP is prevalent throughout both Management Areas. There is no relevant correction between water level and contaminant concentration.
o Salinity is found to be increasing in most areas. Where recharge basin is present, groundwater downgradient of the basins generally has lower salinity levels than wells that are upgradient. The high-quality source of recharge available to NKWSD and SWID
appear to be freshening groundwater.

o Throughout the SGMA implementation period, evaluation of groundwater levels and water quality trends will be routinely monitored. If a correlation develops indicating that declining water levels are causing unmitigated impacts to beneficial users,
stakeholders will be consulted, and appropriate corrective actions or mitigation will be considered.
• Subsidence is expected to occur if water levels decline to the MT. Work is still in-progress to estimate the inches of inelastic subsidence that could be caused by water levels intermittently declining to the MT.

Kern County
Water Agency

An analysis of historical groundwater quality and groundwater level data was performed to estimate groundwater quality if groundwater level minimum thresholds were to be reached. Results of the analysis show that no groundwater quality thresholds are
expected to be exceeded at the minimum thresholds. This analysis demonstrates that the minimum thresholds will not negatively impact groundwater quality in the Pioneer MAP Area and will not negatively impact Pioneer Project operations (the sole
beneficial use). The Pioneer GSA will continue to monitor groundwater levels and groundwater quality to ensure the historically observed trend does not change under future conditions.
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Table 2b. KGA Management Area Responses to Deficiency 2, Comment CC to all GSPs
KGA
Management
Response to Table 2 “cc” groundwater level relationship to each sustainability threshold
Area
DWR Corrective Action (cc): All the GSPs must demonstrate the relationship between the minimum thresholds for each sustainability indicator, including an explanation of how the GSA has determined that basin conditions at each minimum threshold will avoid
undesirable results for each of the sustainability indicators.
MTs were set to mitigate the potential for land subsidence by relying on the Pioneer Project’s current and historical sustainable management of groundwater levels, noting that no undesirable results with respect to land subsidence have been identified
Pioneer GSA
historically and that subsidence elastically responds to groundwater banking operations in the Pioneer Project GSA Area.
Management

Area
Rosedale-Rio
Bravo
Management
Area

Chronic Lowering of Groundwater Levels. Minimum Thresholds set for monitoring of groundwater levels within the RRBMA are based on historical groundwater conditions less 50 feet as expressed by hydrographs at representative monitoring wells, which
levels are coordinated with most of the neighboring Management Areas. The RRBMA seeks to avoid unmitigated impacts that require the replacement of wells caused by chronic lowering of groundwater levels. A detailed well impact analysis was performed
to confirm that undesirable results will be avoided. All wells in the RRBMA were evaluated in terms of well depths, screened intervals, age, and drawdown requirements, etc. Should impacts occur, an adaptive management action was developed to repair or
replace impacted domestic wells and emergency water supplies will be provided.
Reduction in Groundwater Storage. The KGA has opted to use water level Minimum Thresholds and Measurable Objectives as a “proxies” for reduction in groundwater storage. The RRBMA Minimum Thresholds set for monitoring of groundwater levels are
based on historical groundwater conditions less 50 feet as expressed by hydrographs at representative monitoring wells. The RRBMA seeks to avoid an imbalanced water supply. The RRBMA will coordinate with the water level method until such time as a
basin study can be completed and volumetric methodologies adopted. However, RRBMA will also calculate annually the amount of groundwater in storage above the Minimum Threshold using its groundwater model for planning purposes. The RRBMA will
calculate annual numerical model generated volumes in storage within the groundwater basin and a check-book balance, and will seek to keep both above 0 acre-feet in storage.
Degraded Water Quality. Minimum Thresholds for degradation of water quality are based on water quality MCL’s for KGA identified Constituents of Concern (COC’s) for beneficial user groups. The Minimum Thresholds were set at greater than the current
MCL, or an observed increase of 10% over the 2015-2020 value. The RRBMA seeks to avoid operations that cause KGA identified COC’s to rise above the MCL thus limiting beneficial use or requiring well head treatment by domestic, municipal, and banking
wells. COC’s such as Nitrate and Arsenic appear to be somewhat connected to water levels, therefore water levels do somewhat provide a secondary proxy for degraded water quality. The RRBMA chose not to rely solely on water levels as the primary
evaluation metric and opted to assign actual Minimum Thresholds for each COC at several representative monitoring wells. This method will help the RRBMA to ensure that groundwater level MTs are appropriate for degraded water quality.

Semitropic GSA

SWID 7th
Standard Annex

Land Subsidence. A Subbasin-wide approach is now being developed to set Minimum Thresholds for regional land subsidence. This approach is intended to be protective of regional critical infrastructure throughout the Subbasin, which the Subbasin has
determined to be the California Aqueduct and the Friant-Kern Canal in areas outside of the RRBMA. The RRBMA seeks to avoid groundwater recovery created subsidence that will impact Management Area critical infrastructure requiring unscheduled
retrofitting or replacement within and adjacent to the RBMA. The interim Minimum Threshold set for RRBMA subsidence, is 0.1 ft/year over a five-year rolling average. This was based on historical trends that did not result in impacts to critical infrastructure
within the RRBMA, as expressed at several locations in proximity to groundwater pumping and other identified critical infrastructure within the RRBMA. Recent rates of subsidence within the RRBMA (2015-2021) were unaffected by large variations in depths
to groundwater during that time. The RRBMA chose specific Minimum Thresholds for land subsidence in order to monitor subsidence independent of groundwater levels in order to help ensure that groundwater level MTs are appropriate measurements for
subsidence.
The primary minimum threshold for the SWSD GSA, based upon the well impact analysis and consultation with SWSD GSA Beneficial Users, is Chronic Lowering of Groundwater Levels. In accordance with §354.28 (d), the SWSD GSA minimum thresholds
for chronic lowering of groundwater levels are used as a proxy for reduction of groundwater storage, and degraded groundwater water quality.
Relationship of Groundwater Levels and Reduction of Groundwater Storage: Although groundwater storage and capacity in the Subbasin is plentiful, it becomes uneconomical to obtain groundwater at certain depths. Therefore, the SWSD GSA has
elected to maintain approximately 10-years of groundwater storage (by volume) above the minimum threshold for groundwater elevation to manage a 10-year operational drought, similar to the 2006-2016 historical period.
Relationship of Groundwater Levels and Degraded Water Quality: With respect to water quality, changes in groundwater levels can cause changes in water quality. However, as discussed in Section 2.3.5 water quality within the SWSD GSA is not
significantly affected by changes in groundwater levels above the minimum thresholds for chronic lower of groundwater levels. And since there are no anticipated changes in water quality from fluctuations of groundwater levels above the minimum threshold
values, groundwater elevation minimum thresholds serve as the appropriate proxy for water quality.
MTs for Chronic Lowering of Groundwater Levels are set at levels that would avoid a depletion of supply that may lead to URs. MTs consider historical groundwater level trends based on the assumption that the conditions experienced over the ten-year
period 2006-2016 continue from 2016 through 2040. A well impact analysis of all wells within the Management Area was conducted that showed that the proposed MTs could potentially cause bottom of well screen dewatered in 26% of wells within the
Management Area (including 12% of agricultural and industrial wells, 56% of domestic wells, and 0% of municipal wells). A Well Dewatering Mitigation Program (Section 17.1.6 of the MAP) addresses wells impacted by Chronic Lowering of Groundwater
Levels before water levels reach MO or MT, including agricultural and domestic supply wells. Groundwater levels will be measured in each of the three RMWs semiannually and will be analyzed for trends.
Chronic Lowering of Groundwater Levels and Reduction of Groundwater Storage are directly, if not linearly, related. To demonstrate that the Minimum Thresholds for Chronic Lowering of Groundwater Levels are sufficiently protective,
a calculation was performed to determine the fraction of total usable groundwater storage that would be removed from the Principal Aquifer if groundwater levels were to decline from current (Spring 2016) levels to their respective Minimum Thresholds for
Chronic Lowering of Groundwater Level. This volume is then compared to the volume of usable storage, and it is shown that the usable storage is substantially greater, and therefore the Minimum Thresholds for Chronic Lowering of Groundwater Levels are
protective for the Reduction of Groundwater Storage Sustainability Indicator. Because hydrogeologic storage properties and the MA Plan area are constant when looking at the change in storage (Change in Storage = MA Plan Area * Storage Coefficient *
Change in Saturated Thickness), the following analysis is presented in terms of saturated thickness, which is mathematically equivalent to storage volume. The change in saturated thickness from current (Spring 2016) groundwater elevations (13.7 ft msl) to
the Chronic Lowering of Groundwater Levels MTs (-87 ft msl) is approximately 101 ft. The total usable groundwater storage is calculated to be 624 ft of saturated thickness within the Management Area based on current groundwater elevations and the
deepest groundwater extractions from well construction information (-710 ft msl) within the MA Plan Area plus 100 ft reserve for well pumping operations. Therefore, the reduction in usable storage volume if groundwater levels were to decline to the MTs
amounts to 16%. As described in detail in Section 13.2, because volume of usable groundwater storage can be represented by changes in groundwater elevations and the amount of recoverable storage is substantially greater than the volume associated with
a reduction in groundwater levels to the MTs for Chronic Lowering of Groundwater Levels, those MTs are considered protective for the Reduction of Groundwater Storage Sustainability Indicator.
There is no apparent correlation between groundwater elevations and water quality measurements based on the historical data, with the exception of a suspected correlation between groundwater levels and arsenic concentration and at the base of fresh
water defined by Page (1973). The base of fresh water is well below the MT for Chronic Lowering of Groundwater Levels. The storage associated with the MT is approximately 4.5% of the storage associated with the base of fresh water. Therefore, the MT for
Chronic Lowering of Groundwater Levels is conservative and protective to water quality within the Management Area, and the MTs are not expected to exacerbate water quality issues.
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Table 2b. KGA Management Area Responses to Deficiency 2, Comment CC to all GSPs
KGA
Management
Response to Table 2 “cc” groundwater level relationship to each sustainability threshold
Area
DWR Corrective Action (cc): All the GSPs must demonstrate the relationship between the minimum thresholds for each sustainability indicator, including an explanation of how the GSA has determined that basin conditions at each minimum threshold will avoid
undesirable results for each of the sustainability indicators.
No direct correlation can be discerned between water levels and Land Subsidence measurements within the Management Area at this time as little to no subsidence has occurred within the Management Area based on available data and the lack of Corcoran
clay suggests that the risk continues to be small. It should be noted that there is no Regional Critical Infrastructure within the 7th Standard Annex Management Area.
Both Seawater Intrusion and Interconnected Surface Water are not applicable to the Management Area.

Southern San
Joaquin MUD

Groundwater levels are used as a proxy for groundwater in storage, water quality, and subsidence.
•

Groundwater storage is determined at the Subbasin level. NK-SWID demonstrated that their MTs are set at a depth that is protective of groundwater storage by presenting a summary of average 2020 water levels, median well depth, MO, MT, and base of
fresh water. This data is also graphically displayed with the well impact study results.

•

Quality constituents of concern for the Subbasin were evaluated. Effects of water levels declining to the MT were evaluated based on historical data. Trend analysis indicates:
o Arsenic is released from pyrites bound in the E-clay, which is prevalent in the SSJMUD management area. Prevalence is largely correlated to well construction. When wells are constructed in an area without E-clay, results show moderate, stable arsenic
concentrations and are not impacted by fluctuating water level.
o Nitrate in shallow wells increased when water levels reach historic low. While there is a direct correlation, no projects or management actions are proposed through SGMA. The districts intend to coordinate with the Nitrate Management Zone mitigation
programs.
o TCP is prevalent throughout the SSJMUD Management Area. There is no relevant correlation between water level and contaminant concentration.
o Salinity is found to be increasing in most areas. Although there are no spreading grounds currently in SSJMUD Management Areas, evaluation of sodium levels in other parts of the Subbasin have shown wells located downstream of spreading show lower
sodium levels and decreasing trends. This indicates spreading grounds are diluting salinity in portions of the basin with higher sodium levels. SSJMUD is actively construction recharge basin, which are expected to be fully implemented in early 2023. Salinity
management will be further addressed through the Salt Control Program, which began collecting fees in 2021 to support the Prioritization and Optimization Study that began in 2022.

o Throughout the SGMA implementation period, evaluation of groundwater levels and water quality trends will be routinely monitored. If a correlation develops indicating that declining water levels are causing unmitigated impacts to beneficial users,
stakeholders will be consulted, and appropriate corrective actions or mitigation will be considered.
• Subsidence is expected to occur if water levels decline to the MT. Work is still in-progress to estimate the inches of inelastic subsidence that could be caused by water levels intermittently declining to the MT.

West-Kern Water
District

Westside
Districts Water
Authority

An analysis of historical groundwater quality and groundwater level data was performed to estimate groundwater quality if groundwater level minimum thresholds were to be reached. Results of the analysis show that no groundwater quality thresholds are
expected to be exceeded at the minimum thresholds. This analysis demonstrates that the minimum thresholds will not negatively impact groundwater quality in the WKWD MAP Area and will not negatively impact WKWD operations (the sole beneficial use).
The WKWD GSA will continue to monitor groundwater levels and groundwater quality to ensure the historically observed trend does not change under future conditions.
MTs were set to mitigate the potential for land subsidence by relying on the WKWD’s current and historical sustainable management of groundwater levels, noting that no undesirable results with respect to land subsidence have been identified historically and
that subsidence elastically responds to groundwater banking operations in the WKWD GSA Area in areas where groundwater production occur.
Chronic Lowering of Groundwater Levels. Due to naturally occurring poor groundwater quality, groundwater demand (i.e., 3,000-5,000 AFY) is largely limited to use for blending with surface water from the aqueduct. Further, much of the WDWA is
undeveloped rangeland, or is used for oil and gas production with no significant current or planned groundwater uses. The WDWA has no control over oil and gas activities. The WDWA has revised categorization of areas within its management area to
coordinate with adjacent management areas and match subbasin definitions. The revised WDWA will contain a single management area and two watch areas as follows. Lost Hills Watch Area (approximately 33,191 acres) and Southwest Watch Area
(approximately 48,739 acres). The watch areas include non-cultivated lands, areas adjacent to former or active oilfields and open rangeland.
Reduction in Groundwater Storage. Due to naturally occurring poor groundwater quality, groundwater demand (i.e., 3,000-5,000 AFY) is largely limited to use for blending with surface water from the aqueduct. SGMA-related groundwater extraction de
minimis when compared to natural underflow. Based on CV2Sim modeling, the principal factor (approximately 111,000 AFY) affecting change in groundwater storage is natural underflow toward the axis of the valley. To further monitor for changes in
groundwater storage, the WDWA will utilize data from representative monitoring wells and the planned update to the CV2Sim model. Representative monitoring well Minimum Thresholds are set above historic low groundwater levels.
Degraded Water Quality. An analysis of historical groundwater quality has determined that groundwater quality within the WDWA is naturally degraded due to the presence of marine sediments and saline connate water. The WDWA therefore relies on
surface water as its primary water source. As a result, the WDWA typically utilizes groundwater (i.e., 3,000-5,000 AFY) for the purpose of blending when surface water deliveries are low.
Subsidence. Two recent studies conducted by the WDWA and KGA indicate that current rates of subsidence within the WDWA and adjacent to Regional Critical Infrastructure are attributable to oilfield activities. The WDWA has no control over oil and gas
activities.
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To identify beneficial users, all KGA Management Areas used a Well Impact Study to identify
beneficial uses and users within each management area that reflects the types of users that actively
rely on local groundwater resources and those that can be directly affected by groundwater
management, impacts of operating at proposed Measurable Objectives (MO), and impacts of
exceeding Minimum Thresholds (MT). Each MAP provides the details of the data and methodology
applied to the Well Impact Study specific to that management area and identifies an estimate of
potential impacts to beneficial users (in terms of dewatered wells) if groundwater elevations reach
the MO and MT in the management area. Table 3a provides a tabular summary and Figure 4a shows
a graphic summary of the number of wells for each beneficial use category (M-municipal, Ddomestic, A-agricultural) and the potential impact to each category as a percent of wells that could
be dewatered at the measurable objective. Table 3b shows a tabular summary of Figure 4b shows a
graphic summary of the percent of wells that could be dewatered at the minimum threshold.
Table 3a. Tabular Summary of Wells Potentially Dewatered at the Measurable Objective

M= Municipal, D= Domestic, and A=Agricultural
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Figure 4a. Graphic Summary of Wells Potentially Dewatered at the Measurable Objective

Table 3b. Tabular Summary of Wells Potentially Dewatered at the Minimum Threshold

M= Municipal, D= Domestic, and A=Agricultural
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Figure 4b. Graphic Summary of Wells Potentially Dewatered at the Minimum Threshold

Interests of Beneficial Uses and Users
Effects caused by groundwater management are defined in Section 3.4, Undesirable Results. The
Subbasin is trying to avoid widespread occurrence of groundwater levels declining below the
minimum thresholds, which indicates the Subbasin is not sustainably managing groundwater
conditions in the aggregate and that beneficial users could be affected on a spatial and temporal scale
that it too substantial to mitigate. If groundwater levels approach the minimum threshold, isolated
exceedances will likely occur and is expected to progressively occur in multiple wells if there is no
intervention. To avoid a widespread occurrence of MT exceedances, the KGA established an Action
Plan Related to Exceedance of Minimum Thresholds for Chronic Lowering of Groundwater, which
is a proactive approach to identifying and working with management areas to address a single,
isolated exceedance. If intervention at a single MT exceedance is unsuccessful, a Management Area
Exceedance may be triggered, which could trigger a Subbasin-wide undesirable result.
The minimum thresholds established for Chronic Lowering of Groundwater Levels are used by
many management areas as a proxy for Reduction in Groundwater Storage and Degraded Water
Quality (where applicable), and in a few instances Land Subsidence. Table 4 shows the measurable
objective and minimum threshold for each KGA regional monitoring wells, indicates whether the
groundwater elevation is used as a proxy for other sustainability indicators, and defines the trigger
for a management area exceedance for each sustainability indicator. This table also shows the
management area trigger reported in the 2020 GSP submittal and the changes that have been made to
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better coordinate and make consistent management area triggers. Note that the table below is a
summary of the management area triggers and detailed information about the analysis to set those
triggers are located in the management area plans.
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Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance
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Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance
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Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance

Response to Comments | 33

Mr. Paul Gosselin, SGMO Deputy Director
KGA AMENDED GROUNDWATER SUSTAINABILITY PLAN

Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance
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Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance
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Table 4. Summary of KGA RMWs with SMCs and Summary of Triggers to Management Area Exceedance
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Deficiency 3 The Plan’s Land Subsidence Sustainable Management Criteria do not
Satisfy the Requirements of SGMA and the GSP Regulations
In the review of the Plan, DWR staff indicated as deficiency #3 that the Subbasin does not have a
“basin wide coordinated GSP subsidence monitoring plan” nor any coordinated Subbasin wide
subsidence sustainable management criteria or assessment of critical infrastructure that would be
susceptible to substantial interference from future subsidence. The DWR staff is correct that when
the original Plan was developed the Subbasin realized that the data gaps to establish and set a
monitoring plan for subsidence would not have been based on scientific and defensible data and
submitted the Plan indicating just that. Since then, the Subbasin has been very active in having
studies completed to assist in having the scientific and defensible data in preparation for the 2025
update but since DWR now has indicated subsidence as a deficiency, the Subbasin has been engaged
to achieve the setting of interim sustainable management criteria.
DWR staff recommended the following corrective actions:
1. The Subbasin’s GSAs should coordinate and collectively satisfy the requirements of
SGMA and the GSP Regulations to develop the sustainable management criteria for
land subsidence.
2. The Plan should identify the rate and extent of subsidence corresponding with
substantial interference that will serve as the minimum threshold or should thoroughly
demonstrate that another metric can serve as a proxy for that rate and extent.
3. If land subsidence is not applicable to parts of the Subbasin, the GSP must provide
supported justification of such. The supporting information must be sufficiently detailed
and the analyses sufficiently thorough and reasonable and must be supported by the
best available information and best available science.
In the 2020 GSPs submittals, the Kern Subbasin coordinated definition for a basin-wide undesirable
result for land subsidence is:
The point at which significant and unreasonable impacts, as determined by a subsidence
rate and extent in the basin, that affects the surface land uses or critical infrastructure.
This is determined when subsidence results in significant and unreasonable impacts to
critical infrastructure as indicated by monitoring points established by a basin wide
coordinated GSP subsidence monitoring plan.
From the weekly GSA/KGA meetings, the Kern Subbasin worked collaboratively to respond to the
DWR deficiency as it relates to subsidence but maintaining the definition of the basin-wide
undesirable results due to the diverse and complexity of the subbasin. However, the Kern Subbasin
did further identify the occurrence of a single minimum threshold exceedance along either the
Aqueduct or the Friant-Kern Canal as an undesirable result with a call-to action for the GSAs/KGA
to investigate the exceedance and to address the causation of the exceedance.
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Due to the size, diverse and complexity of the subbasin, the Kern Subbasin coordinated and
collectively defined infrastructure as:
Regional Critical Infrastructure is defined as infrastructure located within the Subbasin that serves
multiple areas of the Subbasin and whose loss of significant functionality due to inelastic
subsidence, if caused by SGMA related Subbasin groundwater extractions, would have significant
impacts to beneficial users. The Subbasin has collectively determined that the only infrastructure that
meets the definition for Regional Critical Infrastructure are the California Aqueduct and the FriantKern Canal, refer to Figure 5.
Management Area Critical Infrastructure is defined as infrastructure located within a particular
Subbasin Management Area whose loss of significant functionality due to inelastic subsidence if
caused by SGMA related Subbasin groundwater extractions would have significant impacts to
beneficial users within that Subbasin Management Area. Each Subbasin Management Area has
identified their respective Management Area Critical Infrastructure in their Management Area Plan
or individual GSP.
Relying on the studies that were completed after the submittal of the Plan on January 31, 2020, but
before the deadline per the DWR determination letter of July 27, 2022, the Subbasin was able to
work with the California Aqueduct Subsidence Project team (CASP) and presented those results of
those studies as well as having an opportunity to present to the DWR SGMA staff. From both of
those meetings, the Subbasin developed and finalized two white papers, one for the California
Aqueduct and one for the Friant-Kern Canal. Both white papers provided methodology used to set
interim sustainable management criteria for the two Regional Critical infrastructure that will be
revised in the 2025 update of the Plan. The Subbasin is committed to continue to explore scientific
and defensible data to achieve a comprehensive understanding of the root causation of subsidence in
the Subbasin.
In the meeting with DWR SGMA staff, they understood the data that was provided by the Kern
Subbasin and appreciated the challenge of setting sustainable management criteria in the face of the
existing data gaps. However, DWR stated that substantial compliance with the requirements of
SGMA requires the development of sustainable management criteria however DWR staff stated that
the setting of the sustainable management criteria can include caveats while the Kern Subbasin
continues to move forward on studies that will provide scientific and defensible data to include in the
2025 update. Those caveats suggested were:
• The sustainable management criteria can be interim, will only be valid until 2025, and
will be updated in the 2025 Plan update
• Due to the complexity of the Kern Subbasin, setting an interim SMC for subsidence,
does not require GSAs take responsibility, manage, regulate or otherwise be liable for
impacts resulting from actions outside the authority of the GSA or outside the GSA’s
ability to manage sustainability under SGMA: and
• That the Kern Subbasin GSAs are not responsible for addressing subsidence caused by
activities outside of the jurisdiction of SGMA i.e., extractions from exempt aquifers, or
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caused by activities other than extraction of water on behalf of the beneficial users under
the purview of SGMA
From the meeting with DWR SGMA staff the Kern Subbasin GSAs collaborated on a “white paper”
for the California aqueduct. The “white paper” on the CA aqueduct was developed with basin-wide
agreed upon methodology and data. The data that was used, was the little amount of data obtained
from the KGA study of 2021 and the Westside study that provided additional information about
other activities adjacent to the Ca aqueduct. Upon completion of the draft “white paper”, the Kern
Subbasin worked to set-up two meeting with the CASP team, however the paragraph below provides
more details into those two meetings and the history of the previous meetings. In the last meeting
with the CASP team, they indicated their commitment to continue to work collaboratively on
establishing a monitoring system (CASP is looking to add one more monitoring well in the Kern
subbasin) as well as to develop data-based management objectives and future sustainable
management criteria.
Prior to COVID, the Kern subbasin had been meeting with the DWR CASP team to share KGA
findings related to non-SGMA related sources of subsidence (e.g., oil field, geotechnical etc.) on the
Aqueduct. These studies had been shared with DWR SGMA on a separate occasion. Knowing that
DWR SGMA and DWR CASP do not directly communicate on a staff level, the Subbasin recently
held two additional meetings (July 8th and June 3rd) to bring new DWR CASP staff up to speed on
the findings of KGA subsidence work conducted between 2020 and 2022. At the July 8th meeting,
the CASP team expressed that they are still analyzing data for their 2022 Precise Survey Report on
the California Aqueduct and as such, they were unable to provide any concrete findings or direction
on potential subsidence rates for comparison to the KGA studies. The Kern Subbasin presented an
Aqueduct “white paper” to the CASP that details the proposed methodology for evaluating future
subsidence rates, and the need to set interim (i.e., through 2025) MO/MTs per the direction of DWR
SGMA staff. The Subbasin and DWR CASP also explored mutually beneficial studies that could be
implemented between 2022 and 2025 that would address identified data gaps for both the Subbasin
and DWR CASP. The CASP team indicated that they understood the white paper approach and were
also evaluating non-SGMA related sources of subsidence. As an initial step, DWR CASP had held a
meeting with CAL GEM to discuss how to account for those activities in their evaluations. The
CASP team stated that they believe themselves to be similar to the GSAs as an infrastructure owner,
and thus a participant of SGMA not a regulator.
As the Kern subbasin moves forward, we believe significant data gaps pertaining to the various
causes and rates of subsidence in the KCS still exist and, that if addressed, will lead to better defined
management objectives for the Aqueduct and help focus planned and future monitoring resources
where they will be most effective. We also believe that working jointly and in close consultation
with the DWR-California Aqueduct Subsidence Project (CASP) team would multiply the respective
expertise and resources of both parties to the benefit of all those dependent on the Aqueduct. The
process and methods for establishing interim sustainable management criteria is provided in Section
3.5.3.1, California Aqueduct.
As for the Friant-Kern Canal, the Kern Subbasin is working towards the same relationship as with
the CASP team. However, the Friant-Kern Canal does have a more complicated situation to it, with
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the activities north of the Kern Subbasin and the current subsidence in the northern area. The KGA
has engaged Lawrence Berkeley Lab to assist in both critical infrastructure subsidence assessments
to assist in understanding the causation of subsidence in the subbasin and one area will be to
understand how the activities to the north impact the Kern Subbasin’s ability to become sustainable
under the subsidence component. The KGA and its members recognize InSAR is a valuable tool, in
conjunction with ground-based geodetic technology, for assessing subsidence in relation to KGA
identified critical infrastructure. To ensure the best suite of technologies and methodology are
brought to bear on subsidence affecting Subbasin critical infrastructure, the KGA will reassess both
the methodology for determining the current interim MOs/MTs and the infrastructure specific
MO/MT levels in 2025.The process and methods for establishing interim sustainable management
criteria is provided in Section 3.5.3, Friant-Kern Canal.
Pertaining to the management area critical infrastructure, each individual management area plan has
addressed and analyzed subsidence as it relates to critical infrastructure in their management areas.
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Figure 5. Kern Subbasin Regional Critical Infrastructure and Subsidence Rate
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List of Abbreviations
µmhos/cm
µS/cm
AB
AF
Al/FeAOI
BGS
BMP
BMSL
BVARA
C&E
CASGEM
CDFW
CGPS
CIWQS
Cr3
Cr6+
CUP
CVP
CVPIA
CVRWQCB
CWC
DBCP
DDW
DOGGR
DTSC
DTW
DWR
ESA
GAMA
GDE
GPM
GPS
GSA
GSP
GWE
HCM
HMWD

micromhos per centimeter
microsiemens per centimeter
Assembly Bill
Acre-Feet
Aluminum- and Iron-Bearing
Area of Interest
Below Ground Surface
Best Management Practices
Below Mean Sea Level
Buena Vista Aquatic Recreation Area
Communications and Engagement Plan
California Statewide Groundwater Elevation Monitoring Program
California Department of Fish and Wildlife
Continuous Global Positioning System
California Integrated Water Quality System
Trivalent Chromium
Hexavalent Chromium
Conditional Use Permit
Central Valley Project
Central Valley Improvement Act of 1992
Central Valley Regional Water Quality Control Board
California Water Code
Dibromochloropropane
Division of Drinking Water
Division of Oil, Gas, and Geothermal Resources
Department of Toxic Substances
Depth to Water
California Department of Water Resources
European Space Agency
Groundwater Ambient Monitoring and Assessment Program
Groundwater Dependent Ecosystems
Gallons per Minute
Global Positioning System
Groundwater Sustainability Agency
Groundwater Sustainability Plan
Groundwater Elevation
Hydrogeologic Conceptual Model
Henry Miller Water District
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HR2W
ID4
ILRP
InSAR
IRWM
JPA
JPL
KCWA
KDWD
Kern Fan
KGA
KGET
KRGSA
KRWCA
LANDSAT
LSCE
LUST
MA
Mc
MCL
mg/l
MGSA
MIT
msl
NASA
NCCAG
NHD
NHI
NKWSD
PALSAR
PPB
PPT
RPE
RWQCB
SAGBI
SB
SDWIS
SGMA
SMCL

Human Right to Water
Improvement District 4
Irrigated Lands Regulatory Program
Inferometric Synthetic-Aperture Radar
Integrated Regional Water Management Plan
Joint Powers Agreement
Jet Propulsion Laboratory
Kern County Water Agency
Kern Delta Water District
Kern Alluvial Fan
Kern Groundwater Authority
Kern Golden Empire Television
Kern River Groundwater Sustainability Agency
Kern River Watershed Coalition Authority
Land Remote-Sensing Satellite
Luhdorff & Scalmanini Consulting Engineers
Leaking Underground Storage Tank
Management Area
Fanglomerate
Maximum Contaminant Level
Milligrams Per Liter
McFarland Groundwater Sustainability Agency
Mechanical Integrity Test
Mean Sea Level
National Aeronautics and Space Administration
Natural Communities Commonly Associated with Groundwater
National Hydrography Dataset
Nitrate Hazard Index
North Kern Water Storage District
Phased Array type L-band Synthetic Aperture Radar
Parts per Billion
Parts per Trillion
Reference Point Elevation
Regional Water Quality Control Board
Soil Agricultural Groundwater Banking Index
Senate Bill
State Drinking Water Information System
Sustainable Groundwater Management Act
Secondary Maximum Contaminant Level
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SOPAC
SpC
SSJMUD
SSURGO
Subbasin
SWP
SWRCB
TCP
TDS
TNC
UAVSAR
UIC
UNAVCO
USDA
USDW
USGS
UST
WDR

Scripps Orbit and Permanent Array Center
Specific Conductance
Southern San Joaquin Municipal Utility District
Soil Survey Geographical Database
Kern County Subbasin
State Water Project
State Water Resources Control Board
1,2,3-trichloropropane
Total Dissolved Solids
The Nature Conservancy
Unmanned Aerial Vehicle Synthetic Aperture Radar
Underground Injection Control
Unmanned Aerial Vehicle Synthetic Aperture Radar
United States Department of Agriculture
Underground Source of Drinking Water
United States Geological Survey
Underground Storage Tank
Waste Discharge Requirements
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List of Kern Subbasin Definitions
Management Area

Areas that will be considered against the determination of an undesirable
result at the basin level.

Watch Area

Areas with no significant groundwater use and no planned groundwater use as
documented in the MAP. Watch areas will be monitored for land use changes
and groundwater conditions that could change its designation to a
"management area" with specified Sustainable Management Criteria.

Monitoring Area

Areas that have significance within a Management Area for monitoring
groundwater conditions or impacts to certain beneficial users but are not
considered towards the determination of an Undesirable Result.

MT Exceedance

A single representative monitoring well exceeds its minimum threshold.

MT Trigger

A management area exceedance is triggered when groundwater levels decline
below established MTs in 40% or more of any representative monitoring wells
within the management area over four consecutive bi-annual SGMA required
monitoring events (Definition for Chronic Lowering of Groundwater).

Management Area
Exceedance

Exceeding the MT Trigger (i.e., 40% of wells) with a management area is a
“Management Area Exceedance,” not an Undesirable Result which is defined
at the basin level.

Undesirable Result

The basin-wide definition of unreasonable impacts to beneficial uses and
users of groundwater. Should only be referred to as a basin-wide conditions
and not a management area condition. The equivalent designation at the
management area is a “Management Area Exceedance.”

Urban Management
Area Exceedance

A management area exceedance is triggered when groundwater levels decline
below established Minimum Thresholds (MT) in any Regional Monitoring
Well (RMW) for more than three conservative months.
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Executive Summary
The Kern Groundwater Authority (KGA) Groundwater Sustainability Agency (GSA) covers
approximately 1.2 million acres of the Kern County Subbasin’s (Subbasin) approximate 1.8 million
acres, as defined by the California Department of Water Resources (DWR) Bulletin 118 (see Figure E1). DWR has identified the Kern Subbasin as a “critically overdrafted basin.” The Kern Groundwater
Authority includes 12 member entities made up of water districts/agencies, groundwater banking
projects, and organized nondistricted lands. The 12 member entities also constitute the KGA Board,
with one representative from each member entity. Its boundary stretches along the northwest,
northeast, and southern parts of the Subbasin. The KGA was formed for the purpose of:
•

Coordinating groundwater management programs and activities;

•

Identifying and addressing issues pertaining to sustainable groundwater management;

•

Establishing a framework for local groundwater management; and

•

Coordinating with other GSAs in the Subbasin.

The KGA provides, through a Joint Powers Agreement, each member the sole right and responsibility
to implement SGMA within its respective boundaries and/or management areas, in a manner
determined by the member. However, the implementation actions can not interfere with the
surrounding members or GSAs in their ability to comply with SGMA. The KGA, as such, provides the
critical mechanism for coordination of SGMA related activities between its members as well as with
the other GSAs in the Subbasin.
The Subbasin includes 1114 organized GSAs. Of these, sixfive GSAs have elected to be included in
the Groundwater Sustainability Plan (GSP) of the KGA and two are included in the Kern River
Groundwater Sustainability Agency GSP, and three are included in the South of Kern River GSP.
Three additional districtmanagement area specific GSPs have been prepared in the Subbasin by Buena
Vista Water Storage District GSA, Henry Miller Water District GSA, and Olcese Groundwater
Sustainability Agency. The fivesix GSAs submitting GSPs have coordinated throughout the
development of the GSPs in the Subbasin as indicated in the executed Coordination Agreement and
will continue through the implementation of the GSPs.
Kern County produces a wide variety of crops on approximately 900,000 acres, making it a major
contributor to California’s agricultural economy. One important honor that Kern County is known for
is its agricultural industry ranking. Kern County is currently ranked the #1 agricultural producing
county in the United States and has been for the last three years with gross value of all agricultural
commodities produced in 2017 estimated at $7.25 billion. The top five commodities are grapes,
almonds, citrus, milk, and pistachios, which make up more than $4.5 billion (63 percent) of the total
value. With this, Kern County agriculture is the largest employer in the region with 1 in every 5 jobs
related to agriculture. The communities, economy, and local governments are and have been reliant on
Kern County agriculture and are dedicated to preserving the viability of agriculture into the future.
As stated, all the GSAs in the Subbasin have coordinated and collaborated on the development of
water modeling budgets (historical, baseline and projected) in the Subbasin. Considerable effort and
resources were expended to update the C2VSim model with local data to better represent Subbasin
i
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conditions, as described in this GSP. Subbasin-wide water budget results from the numerical modelbased water budget show the Subbasin, as a whole, has an overdraft of 324,326 acre-feet per year over
the baseline conditions of which the KGA is approximately 256,281239,346 of the deficit.
In response to this level of overdraft the KGA members, in coordination with the other GSAs in the
Subbasin, have developed Subbasin-wide Sustainable Management Criteria. This includes required
Measurable Objectives and Minimum Thresholds for the Sustainability Indicators relevant to the
specific management areas of the Subbasin to protect against the occurrence of Undesirable Results
that would cause unreasonable impacts the beneficial users and uses of groundwater in the Subbasin.
The KGA Members have sources of water supplies such as local streams (Caliente, Poso Creek), Kern
River, State Water Project and Central Valley Project sources. Each member addresses their own
individual water supply sources in greater detail in their individual management area plans along with
how the beneficial users in their jurisdiction will participate in achieving sustainability.
The KGA Members have also identified more than 150 projects and management actions 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 WaterFix 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 management areas.
The coordinated modeling effort shows that implementation and completion of the identified projects
and management actions during the implementation period of 2020 to 2040, as stated in the individual
management area plans and GSPs from the other GSAs in the Subbasin, would result in an average
surplus of 85,578 acre-feet per year over the projected baseline condition simulation.

ii
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1.

Introduction

The Kern County Subbasin is located at the southern end of the San Joaquin Valley and is known
for its rich soil and Mediterranean-like climate, which has made Kern County one of the top
producing agriculture regions in the nation. The Kern County Subbasin (Subbasin) is bounded by
the Kern County Line and the Tule Groundwater Subbasin on the north; the granitic bedrock of the
Sierra Nevada foothills on the east; the Tehachapi mountains on the southeast; and by the marine
sediments of the San Emigdio Mountains and Coast Ranges on the southwest and west (DWR,
2006).
California is the nation’s largest agricultural producer and is the nation’s sole exporter of many
agricultural commodities, supplying nearly 99 percent of the almonds, artichokes, and garlic.
Recent study by the University of California (November 2019) highlighted the contribution of
agriculture to California’s economy. Agricultural production, agricultural support, agricultural
distribution, and agricultural processing employ nearly 1.2 million people and generated
approximately $264 billion in sales in 2018. The San Joaquin Valley is the major contributor to
California agricultural economy as can be shown in Table 1-1.
Table 1-1: San Joaquin Valley Contribution to California’s Agricultural Economy (2018)
Agricultural
Production

Agricultural
Support

Agricultural
Distribution

Agricultural
Processing

131,700

116,900

33,700

62,900

Earnings ($ billion)

$6.5

$4.2

$1.9

$4.0

Sales ($ billion)

$24.0

$7.7

$6.4

$31.7

325,200

320,000

304,00

245,000

Earnings ($ billion)

$16.2

$18.0

$17.8

$16.0

Sales ($ billion)

$61.0

$32.0

$57.4

$113.0

San Joaquin Valley
Jobs

California
Jobs

Sources: California’s Working Landscapes, University of California, November 2019

In Kern County a wide variety of crops are produced on approximately 900,000 acres, making it a
major contributor to California’s agricultural economy. One important honor that Kern County is
known for is its agricultural industry ranking. Kern County currently is ranked the #1 agricultural
producing county in the United States and has been for the last three years with gross value of all
agricultural commodities produced in 2017 estimated at $7.25 billion (Kern County Department of
Agriculture and Measurement Standards, 2018). The top five commodities are grapes, almonds,
citrus, milk, and pistachios, which make up more than $4.5 billion (63 percent) of the total value.
With this, Kern County agriculture is the largest employer in the region with 1 in every 5 jobs
related to agriculture. The communities, economy, and local governments are and have been reliant
on Kern County agriculture and are dedicated to preserving the viability of agriculture into the
future.
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Bulletin 118 published by California Department of Water Resources (DWR) in January 1980 states
that “The Kern County Water Agency, which covers the Kern County Basin, presently receives
about half of its maximum annual entitlement from the State Water Project. If no new lands were to
go into production, and the full entitlement from the State Water Project were delivered today, there
would be no overdraft in Kern County as a whole.” Harvested acres in Kern County have remained
relatively steady at an average of 858,000 acres a year with only a 10 percent annual fluctuation
from that average between 1980 and 2017.
Since the operation of the State Water Project (SWP) in 1968 until 2007, SWP contractors received
on average 86 percent of their entitlement. However, in May 2007, Federal Judge Oliver Wagner
overturned a federal scientific study that aimed to protect Delta Smelt in the Sacramento-San
Joaquin Delta (Delta) resulting in curtailing Delta export pumping operations to protect the
continued existence of the fish. In addition, the State of California experienced a historic extended
drought from 2012 to 2016. As a result, SWP contractors received on an average only 48 percent of
their entitlement from 2008 to 2016.
Despite the reduction in SWP deliveries, the groundwater overdraft in the entire Subbasin declined
from 600,000 acre-feet per year in 1980 (Bulletin 118-80) to a current estimate of 324,300 acre-feet
in 2015 (Todd, 2019). This decrease in amount of overdraft per year was achieved through change
in crop patterns; increase in agriculture efficiency; and increase in conjunctive use and banking
projects throughout the Subbasin.
The current baseline condition estimates that the Subbasin has an average annual overdraft of
324,326 acre-feet per year (Todd, 2019 projected water model). However, with the proposed
projects and management actions slated for development and implementation in the Subbasin, it is
forecasted that the Subbasin will achieve sustainability by 2040 with an estimated 42,144 acre-feet
of annual surplus (see Attachment H). The projects and management actions are described in this
Groundwater Sustainability Plan (GSP) and the individual management area plans, attached to this
GSP, and the 4 other GSPs prepared within the Subbasin. Collectively, the projects and
management actions currently proposed provide a reasonable approach for sustainable management
of the groundwater Subbasin and can be adaptively managed to meet future challenges as necessary.

Sustainable Groundwater Management Act
During the height of the last drought in 2014, the State Legislature passed the Sustainable
Groundwater Management Act (SGMA), which consists of a three-bill package of Assembly Bill
(AB) 1739 (Dickinson), Senate Bill (SB) 1168 (Pavley) and SB 1319 (Pavley). SGMA as it is
called, provides for the local control of groundwater resources while requiring the sustainable
management of that groundwater resource. One of the first requirements under the SGMA law was
to form/establish a local governance body called a Groundwater Sustainability Agency (GSA) with
the local authority to develop, adopt, and implement a GSP. GSPs must document monitoring
conditions and establish management criteria to avoid undesirable results and identify potential
actions which either maintain and/or achieve sustainable groundwater management by 2040 or 20
years from the date of the adoption of the GSP. The KGA, through a Joint Powers Agreement, is a
recognized GSA in the Subbasin for the purpose of developing a GSP.
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Sustainable management of groundwater is defined under SGMA as the “management and use of
groundwater in a manner that can be maintained during the planning and implementation horizon
without causing undesirable results” (California Water Code (CWC) Section 10721(v)). The
undesirable results under SGMA include the significant and unreasonable lowering of groundwater
levels; loss of groundwater storage and supply; degradation of water quality; land subsidence;
surface water depletion; and sea water intrusion.
Further, under the SGMA law, water basins throughout California were determined or classified to
be of “high” or “medium” priority by DWR. The Subbasin was determined or classified to be a
“high” priority basin, which triggers the requirement of submittal of its GSP by January 31, 2020.

1.2 Purpose of the Groundwater Sustainability Plan
The purpose of this GSP is to comply with SGMA and serve as a comprehensive foundation for
groundwater management within areas of the Subbasin covered by the Kern Groundwater Authority
(KGA) by providing information on the current groundwater conditions; establishing the
sustainability goals to be achieved through the implementation of management actions and projects;
and demonstrating how sustainability will be achieved through the 20-year implementation period.
In the Subbasin, there are five four other established GSA groups who are submitting GSPs: the
Kern River Groundwater Sustainability Agency (KRGSA), Buena Vista Water Storage District
(BVGSA), Henry Miller Water District (HMGSA), and Olcese Groundwater Sustainability Agency
(Olcese GSA), and South of Kern River (SOKR) group.
Throughout the development process for this Amended GSP, the KGA has considered and
coordinated with the other five GSA groups four GSAs in the Subbasin to comply with the
requirement of developing and utilizing consistent data and methodologies throughout the Subbasin,
especially the development of a basin-wide basin setting, water model, the setting of sustainable
management criteria and water budget allocations, to mention a few of the coordinated efforts. To
truly coordinate during the development of the Kern Subbasin GSPs, the water district managers
met each Friday to discuss, explore concepts, and engage in at times had robust discussions on
methodologies before coming to a consensus. Additionally, the GSAs within the Subbasin
coordinated the respective elements of their GSPs necessary for achieving the sustainability goals
for the Subbasin as well as Management Actions and Projects. In addition to the weekly meetings
with all the GSAs, the KGA held weekly meetings to coordinate and collaborate on the responses to
the DWR determination letter as well as at the KGA board meetings, held open discussions
providing updates to the responses and how the KGA would be amending their submitted GSP
seeking inputs from the public, stakeholders and beneficial users. Also, the KGA members held
their board meetings with open discussions to their individual beneficial users in seeking input.

1.3 Sustainability Goal
Under Section 354.24 of the GSP emergency regulations, each agency shall establish in its GSP a
sustainability goal for the basin that culminates in the absence of undesirable results within 20-years
of the applicable statutory deadline. This GSP and the GSPs of the other GSAs in the Subbasin have
collaborated on the development of the following sustainability goal for the Kern County Subbasin.
3
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The sustainability goal of the Kern County Subbasin is to:
•

Collectively bring the Subbasin into sustainability and to maintain sustainability over the
implementation and planning horizon.

•

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 as demonstrated by
monitoring and reporting groundwater conditions.
Operate within the established sustainable management criteria, which are based on the
collective technical information presented in the GSPs in the Subbasin.
Protect beneficial users for municipal and domestic drinking water supply wells

•
•
•

In addition, sustainability within the KGA will focus on maintaining the economic viability of
agriculture while also balancing the needs of all beneficial users that rely on groundwater resources.
To achieve this, KGA members manage to checkbook water budgets as well as implement projects
and management actions within their respective management areas to sustain water levels at or
above the measurable objectives to mitigate impacts to beneficial users. Through the coordinated
meetings regarding beneficial uses and users, all KGA members have agreed that their groundwater
management objective is to avoid dewatering municipal wells and any unmitigated domestic wells.
Table 1-2 and Figure 1-1 provides a summary of the number of wells for each beneficial use
category and the potential impact to each category as a percent of wells that could be dewatered at
the measurable objectives. Table 1-3 and Figure 1-2 provides the summary of potential impact at
the minimum thresholds. Wells impacted at the measurable objectives or minimum thresholds are
expected to be mitigated through well mitigation programs developed at the management area plan
level.
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Table 1-2. NEW Expected Well Impacts at the Measurable Objective

M=Municipal, D=Domestic and Small Community, A= Agircultural and Industrial

Figure 1-1. NEW Percentage of Domestic and Small Community Wells Dewatered at the Measurable Objective
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Table 1-3. NEW Expected Well Impacts at the Minimum Threshold

M=Municipal, D=Domestic and Small Community, A= Agircultural and Industrial

Figure 1-2. NEW Percentage of Domestic and Small Community Wells Dewatered at the Minimum Threshold
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1.4 Agency Information
In complying with Section 354.6 of the GSP emergency regulations, the following section provides
agency information, legal authority, and estimated cost of plan implementation for the KGA and its
members in the Subbasin.
Agency’s Name:
Agency’s Address:
Agency’s Phone Number:
Agency’s Website:
Contact Person:
Contact Person’s Title:

Kern Groundwater Authority
1800 30th Street, Suite 280
(661) 479-7171
http://www.kerngwa.com/index.html
Patty Poire
Executive Director, KGA

1.4.1 Organization and Management Structure of the KGA GSA
The Subbasin includes 14 11 organized GSAs, as shown in Figure 1-3. Of these, several GSAs have
elected to be included in the GSP of either the KGA or the KRGSA. Table 1-4 indicates if the GSA
have elected to prepare an independent GSP. GSP or if they are part of either the KGA or KRGSA.
In total, 14 11 GSAs in the Subbasin are developing six five GSPs.
Table 1-4: Groundwater Sustainability Agencies in Kern County Subbasin
GSA Name

Independent GSP

GSP Name

Buena Vista Water Storage District GSA

Yes

BVGSA GSP

Henry Miller Water District GSA

Yes

HMWD GSA GSP

Cawelo Water District GSA Groundwater Sustainability Agency

No

KGA GSP

Kern Groundwater Authority GSA

Yes

KGA GSP

City of McFarland GSA Groundwater Sustainability Agency

No

KGA GSP

Kern County Water Agency - Pioneer Project GSA Groundwater
Sustainability Agency

No

KGA GSP

Semitropic Water Storage District GSA

No

KGA GSP

West Kern Water District GSA

No

KGA GSP

Greenfield County Water District GSA

No

KRGSA GSP

Kern River GSA Groundwater Sustainability Agency

Yes

KRGSA GSP

Olcese Water District GSA

Yes

OGSA GSP

Arvin Groundwater Sustainability Agency

Yes No

SOKR GSP

Wheeler Ridge-Maricopa GSA

Yes No

SOKR GSP

Tejon-Castac Water District GSA

Yes No

SOKR GSP

The KGA, as a Subbasin coordination group, was created prior to the enactment of SGMA with the
intent of establishing a framework for the coordinated management of the groundwater basin
underlying the San Joaquin Valley portion of Kern County, including the preservation and
maintenance of local control over groundwater resources and to provide future certainty for basin
users. With the passage of SGMA, the KGA elected to form a GSA under a Joint Powers
Agreement (JPA) (Attachment A), thereby assuming responsibility for development of a
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comprehensive GSP for an area which includes agricultural lands, urban and industrial development
as well as oil fields.
The KGA GSA covers approximately 1.2 million 1.3 million acres of the Subbasin’s approximate
1.8 million acres and includes 12 member agencies and non-districted lands includes 16 member
agencies (Table 1-31-5 and Figure 1-21-4). The 12 16 member agencies also constitute the KGA
Board, with one representative from each agency. Its boundary stretches along the northwest,
northeast, and southern parts of the Subbasin. The KGA also includes a single associate member,
the Eastside Water Management Authority, who consistent with SGMA, is a non-voting member of
the GSA and represents lands outside of a KGA member agency boundary. The Eastside Water
Management Authority was formed by landowners who are non-districted and are working towards
becoming a public agency in the future.
Table 1-5: Kern Groundwater Authority Member Agencies
Member Agencies
Rosedale-Rio Bravo Water Storage District

Arvin Community Service District
Arvin-Edison Water Storage District

Semitropic Water Storage District1

Cawelo Water District1

Shafter-Wasco Irrigation District

City of Shafter
Kern County Water Agency - Pioneer

Southern San Joaquin Municipal Utility District
Project1

Tejon-Castac Water District

Kern-Tulare Water District

West Kern Water District1

Kern Water Bank Authority

Westside District Water Authority

North Kern Water Storage District

Wheeler Ridge-Maricopa Water Storage District
Associate Members

Eastside Water Management Area Authority
1. Groundwater Sustainability Agency

1.4.2 South of Kern River GSA Formation
The KGA submitted the KGA GSP to DWR in January 2020 on behalf of its members. The
structure of the 2020 KGA GSP included an overarching or umbrella section and specific
management area plan (“MAP”) chapters for each of its member districts. After receiving an
incomplete assessment from DWR, the KGA immediately began working diligently with its
members and Kern Subbasin partners to address the DWR recommendations and deficiencies.
On April 21, 2022, three KGA members – Wheeler Ridge-Maricopa Water Storage District, TejonCastac Water District, Arvin-Edison Water Storage District – provided the KGA notice they
planned to develop their own GSP as part of the revision in response to the DWR incomplete
assessment. These members are geographically similar and plan to revise each of their respective
MAPs and submit these sections together as the South of Kern River (“SOKR”) GSP. On May 20,
2022, the SOKR members requested the KGA amend its GSP to exclude the SOKR GSAs from the
revised KGA GSP. In addition to the removal, this request asked that the SOKR members be
allowed to continue KGA membership until they adopted the SOKR GSP, in late July of 2022.
The KGA had significant concerns with the timing of the SOKR withdrawal and the ability of the
KGA to both respond to the DWR incomplete assessment and achieve the changes necessary to
8
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facilitate the SOKR withdrawal. Despite these concerns, the KGA members have been dedicated to
working with the SOKR GSAs to ensure the Kern Subbasin remains compliant with the
requirements of SGMA. Specifically, the KGA has worked diligently to ensure the SOKR
withdrawal will not disrupt its procedural compliance with SGMA, ensure the Subbasin remains
entirely managed, and develop comprehensive responses to DWR in response to its assessment. The
KGA and the SOKR GSAs met with DWR to propose that the KGA submit the revised KGA GSP
in response to the DWR assessment in two parts: the revised KGA GSP and the SOKR GSP.
On May 20, 2022, DWR provided a confirmation that, although it would prefer a single GSP for the
subbasin, it would not be precluded from accepting the KGA GSP in two parts, from the KGA and
SOKR respectively. DWR did not provide this guidance without reservation, but rather, provided
the explicit cautions, noting this approach must:
Ensure that there is no lapse in GSP coverage for the Subbasin; a lapse in coverage would result in
an inadequate determination;
Provide a uniform, basin-wide response to the deficiencies identified in the Incomplete
Determination; if the SOKR withdrawal hinders, confuses, or creates additional deficiencies the
subbasin would be determined inadequate;
Amend the Coordination Agreement and ensure all parties sign the amended coordination
agreement; if the Coordination Agreement does not include all parties, the revised GSPs cannot be
submitted to DWR;
Ensure the SOKR GSP is complete and contains all the necessary information of an individual GSP;
an incomplete SOKR GSP would result in an Inadequate Determination for the entire Kern County
Subbasin.
The KGA has been working diligently to achieve the above requirements and protect its members
from exposure to an inadequate determination. From a technical perspective, the KGA revised its
GSP to remove the SOKR MAPs from its GSP. In addition, all KGA technical materials have been
amended to ensure the KGA does not include or otherwise exercise jurisdiction over the SOKR
member district areas. On June 22, 2022, the KGA was briefed and understood that the Provision of
Jurisdiction Agreements with SOKR districts would expire upon the SOKR districts no longer being
members of the KGA. This Provision of Jurisdiction Agreement provided to Wheeler and Arvin
with jurisdiction that allowed the districts include out of district lands in their GSAs to ensure the
SOKR GSAs are able to obtain valid jurisdiction for management outside of their service area
boundaries. The termination of jurisdiction was coordinated to ensure the KGA continued to
provide jurisdiction for as long as possible through KGA membership to avoid any lapse in
coverage. The KGA amended the Coordination Agreement to include the SOKR agencies, amend
all appendices to be consistent with the amendments in the Kern Subbasin GSPs and account for
added SOKR GSA membership. The KGA presented the revised Coordination Agreement to the
Kern Subbasin Coordination committee in June of 2022 to ensure all the Subbasin Coordination
Committee members were able to review, adopt, and execute by the respective Boards by late July
2022. At the June 22, 2022, KGA meeting, the Board approved the revised Coordination
Agreement.
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1.4.21.4.3 Non-Districted Lands
At the inception of the KGA, Kern County was a member of the KGA to represent lands within the
Subbasin and outside of the jurisdiction of a local agency participating in a GSA in the Subbasin –
non-districted lands. However, in December 2018, Kern County supervisors elected to withdrawal
from the KGA as well as SGMA, and from that action, approximately 440,950 acres of nondistricted lands became not covered by a GSA (Figure 1-35A). At the December 19, 2018 KGA
Board meeting and after several meetings with staff from both the State Water Board and DWR
regarding Kern County’s departure, KGA Board meeting, the direction provided by the KGA Board
was to reach out to the non-districted landowners and extend coverage; however, those nondistricted landowners who are not wanting to participate will be eventually removed from the KGA
GSA boundary and will then be required to report directly to the State Water Resources Control
Board (State Water Board). The KGA reached out to those landowners via a mass mail-out to
advise of the County’s decision and extended the opportunity to participate in SGMA through the
member agencies of the KGA. The coverage to the non-districted lands was handled by the
landowners entering into agreements with the KGA member agencies, including associate members,
for SGMA coverage under the KGA members’ respective management area plans. Assistance from
Kern County Water Agency made this coverage possible by lending its jurisdiction under SGMA to
the KGA members’ who have agreements with those non-districted landowners. Through the efforts
by the member agencies of the KGA, approximately 242,180 acres of the non-districted lands will
be covered and will be compliant with SGMA. The remaining 198,770 acres not covered are
typically grazing lands or lands associated with oil production where minimal or no groundwater
usage exists (Figure 1-4). The decision to extend SGMA coverage and to revise the KGA GSA
boundary to remove non-districted lands not participating with KGA member agencies has been
presented and discussed openly at public KGA board meetings since the initial discussion at the
December 2018 board meeting. Since the December 2018 Board meeting decision, the KGA has
continued to oversee approximately 198,770 acres of non-districted lands that did not have
agreements with its members. In 2022 the KGA retained those acres within its GSA boundary. The
decision to retain the non-districted lands was made to provide the Kern Subbasin complete
coverage in compliance with SGMA and stemmed from follow-up meetings with State Water Board
and DWR Staff. Following decision, the KGA stepped up to cover non-irrigated and irrigated lands
under their GSP. Other GSAs also extended coverage to landowner lands within or adjacent to their
GSA.
For those non-districted lands not covered by a member of the KGA, the fivesix Subbasin GSAs
have coordinated to cover all those non-districted lands in the water modeling effort for the historic,
baseline, and future projections. Today, the future projection water modeling results demonstrate
that the entire Kern Subbasin (including the non-districted lands) will be sustainable with
implementation of proposed projects and management actions activities by 2040. Also, the Kern
Subbasin GSAs have agreed to continue to coordinate on the monitoring of those non-districted
lands going forward and to include the monitoring data in the annual reporting requirements of the
Subbasin, thus covering the entire basin in the GSP. Figure 1-5A reflects the data obtained through
the development of the Subbasin’s annual reports showing little to no consumptive use (measured
as evapotranspiration (Et)) over the non-district lands. Figure 1-5B shows 2021 consumptive use in
the Subbasin, which generally shows there is little to no consumptive use in the non-district lands.
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Figure 1-6A reflects water well locations within the non-districted area that supports the annual
report data that little to no consumptive use occurs. Additionally, Figure 1-6B shows all
representative monitoring wells in the Kern Subbasin in proximity to the non-districted lands. One
important requirement under SGMA is to consider all beneficial users in the setting of sustainable
management criteria and to monitor those activities related to groundwater extraction. With almost
no water wells in most of the non-districted lands thus no beneficial users to consider, these areas
are considered as “management area water areas”. The low consumptive use values on these nondistricted lands demonstrates the lack of groundwater extractions in these areas and justification for
consideration as “management area watch areas” Figure 1-5A is the result of satellite imagery for
the entire Kern Subbasin generated for use in the annual report and updating the water model
(C2VSim) for the entire Kern Subbasin. The lack or even no use of groundwater in these nondistricted lands justifies the designation of these areas as “watch areas,” where no significant
groundwater use currently exists or is planned consistent with current land use zoning. These watch
areas will be monitored for land use changes and groundwater conditions that could change its
designation and then at that time, the KGA will develop sustainable management criteria for the
area. Prior to the 2025 GSP update, the KGA and the Kern Subbasin will be working on a Basin
Study that will ultimately provide the native yield of native groundwater for the Subbasin. This will
allow the GSAs to determine native sustainable yield allocations for each acre and process for the
allocation of groundwater resources to non-districted lands. This process will provide water
extraction limit for those lands that don’t have other water sources such as State Water Project,
Friant Water Project, Kern River, or other surface water sources through the remaining
implementation horizon and beyond.
Figure 1-5A reflects some irrigated non-districted lands located in the middle of the Kern Subbasin.
Those irrigated non-districted lands are lands owned by the City of Los Angeles where they bring in
their “sludge” to comply with their wastewater discharge requirements. These lands and the
wastewater are used for the production of forage crops. There is one well located within the
property to assist in the activities necessary to comply. The City of Los Angeles also has an
agreement with the City of Bakersfield to accept their wastewater from their plant #3 (Order No.
R5-2009-0087). The City of Bakersfield’s wastewater permit reflects that about 49-acre feet per day
of treated effluent is delivered to the City of Los Angeles property. Between the delivery of
wastewater sludge, deliveries from the City of Bakersfield and the one well, the City of Los
Angeles has been able to comply with their discharge permit. To monitor these activities under
SGMA, there are several monitoring wells of the Kern subbasin monitoring network to obtain
seasonal water levels. Figure 3-4 in Section 3 provides the location of each monitoring well. The
City of Los Angeles has also been very involved in that they attend meetings and understand the
SGMA process.
Other small, irrigated lands shown in Figure 1-6 are also monitored through the Kern subbasin
monitoring network (Figure 3-4, Section 3). Most of those lands are located adjacent to other GSAs
or water districts and the landowners have properties in both the non-districted area and/or the
adjacent GSA or water district.
As indicated above, the non-districted lands are monitored through the Kern Subbasin monitoring
network or have no beneficial users or uses on the lands. For those lands that are irrigated, they are
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covered by the sustainable management criteria of the neighboring monitoring wells as well as the
adjacent KGA member. For those lands with no beneficial users or uses which is 98% of the lands,
those lands are considered management area watch areas because there are no groundwater
extractions due to no existing water wells.
To facilitate the implementation of the KGA GSP, KGA’s jurisdictional area is divided into
management areas formed by the portion of the Subbasin that underlies the boundaries of each
member agency and any associated non-districted lands. Each member agency of KGA has
developed its own management area plan to support the development of this KGA Umbrella GSP
and collectively are used as reference for details regarding the variances between management areas
throughout this report. Southern San Joaquin Municipal Utility District entered into an agreement
with McFarland Groundwater Sustainability Agency to include them as part of its management area
plan. As Southern San Joaquin Municipal Utility District became a member agency of KGA GSA,
the McFarland GSA is also included in the KGA GSP even though they are not a member agency.
KGA includes one disadvantaged community (DAC) that has been a full voting member agency
from the beginning of the formation of the exclusive GSA – the City of Shafter. Sustainable
management for the City of Shafter is covered in North Kern Water Storage District & ShafterWasco Irrigation management area plan. The City of Shafter has been actively engaged with the
KGA and its respective management area plan development.
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Figure 1-3 REVISED. Groundwater Sustainability Agencies within Kern County Subbasin
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Figure 1-4 REVISED. Member Agencies of the Kern Groundwater Authority
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Figure 1-5. 2019 Kern County Subbasin Non-Districted Lands
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Figure 1-5A. REVISED Kern County Subbasin Non-Districted Lands
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Figure 1-5B. NEW 2021 Kern Subbasin Annual Consumptive Use
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Figure 1-6A NEW. 2022 Kern County Subbasin Wells within Non-Districted Lands
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Figure 1-6B NEW. Non-Districted Lands and DMS Production Wells
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Figure 1-1. Groundwater Sustainability Agencies within Kern County Subbasin
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Figure 1-2. Member Agencies of the Kern Groundwater Authority
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Figure 1-4. Non-Districts Lands without SGMA Coverage within Kern County Subbasin.
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1.4.31.4.4 Legal Authority of the GSA
The KGA has been working proactively to coordinate with all GSAs and its associated GSP within the
Subbasin to ensure that all GSPs developed within the Subbasin meet the requirements of the Kern
County Subbasin Coordination Agreement. All the GSAs in the Subbasin have collaborated in the
development and adoption of a Coordination Agreement, as required under SGMA, for the coordinated
management and implementation of the five GSPs prepared in the Subbasin. Attachment B provides a
copy of the Kern Subbasin Coordination Agreement. Table 1-6 provides the additional information of
the six five GSPs in the Subbasin.
Table 1-6: GSAs Preparing GSPs within the Kern County Subbasin
GSA
Buena Vista Water
Storage District

Henry Miller Water District

Kern Groundwater
Authority
Kern River Groundwater
Sustainability Agency

Contact Person
Title
Tim Ashlock
General
Manager
Joef Wyrick
Walter Bricker
President
Manager
Patty Poire
Executive
Director
Art Chianello
Water
Resources
Manager

Olcese GSA

Brian Grant

South of Kern River GSA

Jeevan Muhar

Mailing Address

Phone Number

Website

PO Box 756
Buttonwillow, CA 93206

661-324-1101

www.bvh2o.com

101 W. Walnut Street
Pasadena, CA 91103
PO Box 9759
Bakersfield, CA 93389

626-583-3000
661-327-3551

N/A

1800 30th Street Ste #280
Bakersfield, CA 93301

661-479-7171

www.kerngwa.com

1600 Truxtun Avenue
Bakersfield, CA 93301

661-326-3767

www.kernrivergsa.org

661- 872-5050

www.olcesewaterdistrict.org

661-854-5573

www.aewsd.org

P.O. Box 60679 Bakersfield,
CA 93386-0679
20401 Bear Mountain Blvd
PO Box 175 Arvin CA 93202

The KGA was granted the legal authority of a GSA by complying with CWC Section 10723.8 (see
Attachment A). The KGA held the required public hearings regarding the establishment of a GSA as
stated in CWC Section 10723(b) and passed a resolution to form the KGA GSA (Attachment C). The
authority granted to the KGA is to develop, adopt, and implement a GSP that would be available to
those lands within the boundaries of the KGA members. KGA provided the required notification of
intent to prepare a GSP to DWR on December 20, 2017 (Attachment D). Under CWC Section 10723.2,
the KGA within its boundaries shall consider the interests of all beneficial uses and users of
groundwater, as well as those responsible for implementing GSPs.
The KGA was formed for the purpose of:
• Coordinating groundwater management programs and activities;
• Identifying and addressing issues pertaining to sustainable groundwater management; and
• Establishing a framework for local groundwater management.
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The intent of the members under this JPA is to provide each member the sole right and responsibility
to implement SGMA within its respective boundaries and/or management areas, in a manner
determined by the member. Members expressly intend that the KGA will not have the authority to
limit or interfere with the respective members rights and authorities over their own internal matters,
including, but not limited to, a member’s surface water supplies, groundwater supplies, facilities,
operations, water management, and water supply matters.
1.4.41.4.5 GSP Implementation Costs & Funding
The KGA has developed the costs in Table 1-7 for its own administrative and coordination efforts as it
serves as the coordination entity for the KGA member agencies. These costs will be funded through
cost share agreement with the KGA member agencies.
The cost of implementing SGMA at the member agency level can be found in the management area
plans attached to this GSP.
Table 1-7: Estimated Costs for GSP Implementation
Item

Description

Estimated Cost

Annual Administration

Administrative activities for ongoing
coordination among Member Agencies and
other GSA in the Subbasin and coordination
with DWR.

$659,700

Sustainability Management and
Coordination

KGA coordination with Member Agencies for
coordinated implementation of sustainability
management practices

$230,000

Coordinated Monitoring Activities

Basin-wide coordinated monitoring activities,
such as, subsidence and evapotranspiration
monitoring.

$200,000

Annual Report

Data collection and consolidation from
Member Agencies to facilitate annual reporting
to DWR

$350,000

5-Year GSP Update and Report

Data collection, consolidation and report
generation of KGA 5-year update

$500,000

1.5 GSP Organization
The KGA Umbrella GSP provides SGMA coverage for all the Subbasin lands covered in the
management areas of its member agencies. The members of the KGA have prepared management area
plans that provide details for all GSP required elements, including the technical detail for setting
sustainable management criteria specific for their respective management area. The KGA Umbrella
GSP provides an overview and summary, a roll-up concept, of the GSP elements developed in the
management area plans. There is a total of 12 15 management area plans attached to this GSP. This
GSP is organized as follows:
1.
2.
3.
4.

Introduction
Plan Area and Basin Setting
Sustainable Management Criteria
Projects and Management Actions
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5.
6.
7.
8.

Plan Implementation
References
Attachments
Management Area Plan Attachments
1.
Arvin Edison Water Storage District
2.1.
Cawelo Water District GSA
3.2.
Eastside Water Management Authority
4.3.
Kern County Water Agency – Pioneer Project GSA
5.4.
Kern-Tulare Water District
6.5.
Kern Water Bank Authority
7.6.
North Kern Water Storage District & Shafter-Wasco Irrigation District
8.7.
Rosedale-Rio Bravo Water Storage District
9.8.
Semitropic Water Storage District GSA
10.9. Shafter Wasco Irrigation District – 7th Standard Annexation
11.10. Southern San Joaquin Municipal Utility District
12.
Tejon-Castac Water District
13.11. West Kern Water District GSA
14.12. Westside District Water Authority
15.
Wheeler Ridge-Maricopa Water Storage District
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2.

Plan Area and Basin Setting
Description of Plan Area

KGA’s jurisdictional boundary is entirely within the Subbasin, as defined in DWR Bulletin 118,
South of the Tulare Lake Hydrologic Region of the San Joaquin Valley Groundwater Basin. The
following section describes the area covered by the KGA GSP.

2.1.1 Summary of Jurisdictional Areas and other Features
The Subbasin is located within the southernmost portion of the Tulare Lake Hydrologic Region of
the San Joaquin River Basin and is bounded by the Sierra Nevada on the east; by the Tehachapi
Mountains, San Emigdio Mountains, and White Wolf Subbasin on the South; and the Coast Range
(Temblor Range) on the west. As shown in Figure 2-1R, KGA’s jurisdictional boundary represents
1,617 square miles or approximately 58 percent of the Subbasin. There are no Adjudicated Areas
within the Kern County Subbasin.
Hydrologic systems in the Subbasin include numerous rivers, lakes, and canals, many of which are
located in the KGA boundaries or are used to supply water to the entire Subbasin. The prominent
natural surface water body in the Subbasin is the Kern River, which originates in the Sierra Nevada
to the northeast of the Subbasin. Canals and conveyance systems within the Subbasin supply water
for beneficial uses throughout the Subbasin. A detailed description of these hydrologic systems is
included in Section 2.2 of the basin setting of this Umbrella GSP.
There are several incorporated cities within KGA’s jurisdictional boundary as shown in Figure 21R. There are a number of de minimis domestic water users and multi-parcel water systems located
within the KGA jurisdictional area, which will be covered under the management area GSPs.
2.1.2 Plan Area Setting
Land use designations within the KGA jurisdictional boundary are predominantly agricultural
(Figure 2-2). Most urban and incorporated land use areas are in the eastern portion of the Subbasin
while the agricultural lands dominate the northern, western, and southern portions. For lands
covered by a water district, source of water is a combination of surface water and groundwater, as
shown in Figure 2-3. Generally, all other lands not covered by a district are dependent on
groundwater.
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Figure 2-1R. REVISED Jurisdictional Area of Kern Groundwater Authority
28

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-1. Jurisdictional Area of Kern Groundwater Authority
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Figure 2-2. Land Use within Kern County Subbasin
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Figure 2-3. Agricultural Land Water Source within Kern County Subbasin
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Well densities for production, domestic, and public supply wells within the Subbasin are presented
on Figures 2-4 through 2-6, respectively. This dataset is based on well statistics provided by DWR
(2019) from the Online System for Well Completion Reports and is intended to be for qualitative
informational purposes. Production wells include those described in completion reports as
irrigation, municipal, public, or industrial wells. In summary, higher well densities can be found in
the central portion of the Subbasin whereas moderate to lower densities are found in the north-east
and south-east regions. The western region ranges in areas of low densities to no wells at all. For
further information on well types and densities for each management area within the Subbasin, refer
to the individual management area plans.
Under the KGA jurisdictional boundary, there are state, small multi-parcel water systems, and
domestic water users that are groundwater dependent. In addition, there are incorporated cities
within the KGA jurisdictional boundary as shown in Figure 2-7.
2.1.3 Existing Plans in the Plan Area
In general, the goals, policies, and implementation measures established by existing plans (e.g. the
Kern County General Plan) are complementary to sustainable groundwater management of the local
management areas relative to future land use development and conservation. The plan encourages
development of the County’s groundwater supply to ensure that existing users have access to high
quality water, and states that future growth should be accommodated only while ensuring that
adequate high-quality water supplies are available to existing and future users. Below is a list of all
existing general plans within the Subbasin. The agencies that developed and adopted the general
plans below have retained their jurisdiction over land use and zoning as well as the elements
included into their respective general plans. The KGA nor its members have any jurisdiction over
the development of general plans within the Subbasin, however, as general plans are being updated
in the future, the KGA and its members will actively participate in the coordination of general plan
update with the GSP implementation. The descriptions of plans associated with specific
management areas are described in greater detail in the management area plans.
•

Kern County General Plan – This plan was adopted in 2004 and is being updated through
the year 2040. Its overall goal is to ensure the county can accommodate anticipated growth
and development while maintaining a safe and healthful environment and a prosperous
economy by preserving valuable natural resources and assuring the provision of adequate
public services (Kern County, 2009).

•

Metropolitan Bakersfield General Plan – The current plan was first adopted in 2002. This
plan aims to achieve goals related to new development, protecting natural resources from
environmental damage, as well as preserving agricultural land (City of Bakersfield, 2016)
The Metropolitan Bakersfield General Plan is mostly located within the Kern River GSA.
There also exists a Metropolitan Habitat Conservation Plan that is mostly located within the
Kern River GSA jurisdiction.

•

City of Arvin General Plan – This plan aims to promote the protection, stewardship, and
use of the city’s natural resources and to prevent wastefulness, unsustainable usage, and
neglect (City of Arvin, 2012).
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•

City of Shafter General Plan – This plan’s goals include, but is not limited to, recognizing
and retaining commercial agriculture as a desirable land use and as a major segment of the
community’s identity and economic base (City of Shafter, 2005).

•

City of Wasco General Plan – This plan was adopted in 2002 and contains objectives,
policies and standards specific to the protection of groundwater resources as well as soils
and air quality within the City of Wasco and its planning area.

•

City of Delano General Plan – This plan was adopted in 2005 and aims to protect natural
resources, including groundwater, soils, and air quality.

•

City of McFarland General Plan – This plan was adopted in 1991; however, current
versions of the plan do not specifically address groundwater.

•

City of Taft General Plan – This plan was adopted in 2010; however, the adopted version
does not specifically address groundwater.

•

City of Maricopa General Plan – This plan was adopted in pieces with the last piece
adopted in July 2017; however, there is no water element section in the General Plan that
specifically addresses groundwater

Successful implementation of this GSP will help to ensure that the Subbasin’s groundwater supply
is managed in a sustainable manner. Implementation of existing policies are expected to be
compatible with management areas strategies in the Subbasin to achieve groundwater sustainability.
It is anticipated that implementation of this GSP, while consistent with existing plans and policies to
protect water resources, will alter the water supply assumptions and potentially land use plans over
the planning horizon. Given that the existing plans are being updated concurrently with the
development of this GSP, it is anticipated that future plans would take into account this GSP and
utilize consistent water supply assumptions over the 2040 planning horizon.
Land use plans vary between each management area, as they implement policies which best fit their
communities. Management area plans provide specific information regarding land use plans and
effects of those plans in the individual management areas.
The implementation of land use plans outside of the Subbasin could potentially affect the ability of
the KGA to achieve sustainable groundwater management, especially to the north of the Subbasin.
However, at this stage, coordination with neighboring Subbasin’s has been limited. Future activities
of the KGA include increased coordination with neighboring groundwater Subbasins, which will be
documented in future updates to this GSP.
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Figure 2-4R. REVISED Density of Well Per Square Mile (Production)
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Figure 2-4. Density of Wells per Square Mile (Production)
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Figure 2-5R. REVISED Density of Well Per Square Mile (Domestic)
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Figure 2-5. Density of Wells per Square Mile (Domestic)
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Figure 2-6R. REVISED Density of Well Per Square Mile (Public)
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Figure 2-6. Density of Wells per Square Mile (Public)
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Figure 2-7R. Groundwater Dependent Communities

40

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-7. Groundwater Dependent Communities
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2.1.4 Existing and Ongoing Water Resource Programs
Per Section 354.8(c) of the GSP regulations, this section identifies and describes existing water
resources programs in the KGA jurisdictional area. This section provides an overview of each
program being implemented within the KGA. Table 2-1 provides a matrix showing which programs
are being implemented within each management area. Additional details are provided in the
individual management area plans.
2.1.4.1

Management Plans

The State of California has pre-SGMA programs for the management of groundwater supply and
quality. These programs are managed at various levels of government by existing public agencies,
either individually or collaboratively with neighboring agencies within the same groundwater basin.
The following section provides an overview of these management programs and the elements
addressed in each.
Groundwater Management Plans
In 1992, the State of California passed the Groundwater Management Act (AB 3030). This
legislation provided guidelines for the agencies and districts to provide planned and coordinated
monitoring, operation, and administration of groundwater basins with the goal of long-term
sustainability. There are several types of Groundwater Management Plans, which are described
below.
Pre-SB 1938 Plans: These plans, typically adopted before 2002, could be prepared by a local
agency in a Bulletin 118-desginated basin on a voluntary basis. The voluntary components of these
plans include:
•

The control of saline water intrusion.

•

Identification and management of wellhead protection areas and recharge areas.

•

Regulation of the migration of contaminated groundwater.

•

The administration of a well abandonment and well destruction program.

•

Mitigation of conditions of overdraft.

•

Replenishment of groundwater extracted by water producers.

•

Monitoring of groundwater levels and storage.

•

Facilitating conjunctive use operations.

•

Identification of well construction policies.

•

The construction and operation by the local agency of groundwater contamination cleanup,
recharge, storage, conservation, water recycling, and extraction projects.

•

The development of relationships with state and federal regulatory agencies.

•

The review of land use plans and coordination with land use planning agencies to assess
activities which create a reasonable risk of groundwater contamination.
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SB 1938 Plans: These plans were generally adopted during or after 2002, incorporating the
elements of the Pre-SB 1938 Plans. With the passage of SB 1938, the following components were
required as part of any Groundwater Management Plan:
•

Basin Management Objectives: The Groundwater Management Plan shall include Basin
Management Objectives relating to the monitoring and management of groundwater levels
within the groundwater basin, groundwater quality degradation, inelastic land surface
subsidence, and changes in surface flow and surface water quality that directly affect
groundwater levels or quality or are caused by groundwater pumping in the basin.

•

Agency Cooperation: The local agency shall prepare a plan to involve other agencies that
enables the local agency to work cooperatively with other public entities whose service area
or boundary overlies the groundwater basin.

•

Mapping: The local agency shall prepare a map that details the area of the groundwater
basin, as defined in DWR’s Bulletin 118, and the area of the local agency, that will be
subject to the Groundwater Management Plan, as well as the boundaries of other local
agencies that overlie the basin in which the agency is developing a Groundwater
Management Plan.

•

Monitoring Protocols: The local agency shall adopt monitoring protocols that are designed
to detect changes in groundwater levels, groundwater quality, inelastic surface subsidence
(in basins for which subsidence has been identified as a potential problem), and flow and
quality of surface water that directly affect groundwater levels or quality or are caused by
groundwater pumping in the basin.

•

Located outside Bulletin 118 Groundwater Basins: Plans located outside DWR Bulletin 118
alluvial groundwater basins will incorporate the above components and shall use geologic
and hydrologic principles appropriate to those areas.

AB 359 Plans: When AB 359 was enacted in 2013, it required additional technical components
related to groundwater recharge areas and modification to several of the existing groundwater
management plan adoption procedures in place as part of SB 1938. The additional technical
components are as follows:
•

The groundwater projects to which these requirements apply include projects that are part of
an integrated regional water management program or plan.

•

Groundwater projects require a description of how recharge areas identified in the plan
substantially contribute to the replenishment of the groundwater basin and a map identifying
the recharge areas, as defined, for the groundwater basin to be included in a groundwater
management plan for purposes of the state funding requirements.

•

Require the local agency to provide the map of the recharge areas to local planning agencies
and notify the department and other interested persons when a map is submitted to those
local planning agencies.
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Table 2-1: Summary of KGA Water Resources Programs
Water Management Programs
Groundwater Management Plans
KGA Management Area Plan

Pre-SB
1938 Plans

SB 1938
Plans

AB 359
Plans

Integrated
Regional Water
Management Plans

USBR Water
Management Plans

Irrigated Lands
Regulatory Program

X

X

Arvin-Edison Water Storage
District

X

X

Cawelo Water District

X

X

Eastside Water Management
Area
Kern Water Bank
Kern-Tulare Water District
North Kern Water Storage District
and Shafter-Wasco Irrigation
District
Pioneer
Rosedale- Rio Bravo Water
Storage District
Semitropic Water Storage District

Groundwater
Export Ordinance

Title 22 Drinking
Water Program

Urban Water
Management Plans

X

X

X

X

Agricultural Water
Management Plans

X

X
X
X

X

X

X

X

X

X

X

X

X

X
X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Shafter-Wasco Irrigation District
(7th Standard Rd.)
Southern San Joaquin Municipal
Utility District
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Integrated Regional Water Management Plans
In 2002, the Regional Water Management Planning Act (SB 1672) created the Integrated Regional
Water Management (IRWM) Program. The IRWM Program is used as a collaborative effort to
identify and implement water management solutions on a regional scale that increase regional selfreliance, reduce conflict between agencies and users, and manage water to concurrently achieve
social, environmental, and economic objectives. By collaborating on projects, participants in the
IRWM Program can provide these benefits and meet their water supply and quality goals. In the
Kern County Subbasin, there are two IRWM Plans: the Poso Creek IRWM Plan and the Kern
County IRWM Plan.
USBR Water Management Plans
The Central Valley Improvement Act of 1992 and Section 210(b) of the Reclamation Reform Act of
1982 requires certain entities to prepare and submit a Water Management Plan. Entities required are
those that enter into a repayment contract or water service contract with the Bureau of Reclamation.
Not all member agencies under KGA are required to have a plan under USBR. Refer to
management area plans for specific details.
Irrigated Lands Regulatory Program
The Tulare Lake Basin General Order (Order R5-2013-0120) was passed by the Regional Water
Quality Control Board (RWQCB) in 2006. This order requires that any irrigated land having the
potential to discharge to surface water or groundwater must comply with the requirements set by the
RWQCB. Compliance includes membership in a Coalition or obtaining coverage through an
Individual Order from the RWQCB. Several districts in the KGA jurisdictional area are members of
the Kern River Watershed Coalition Authority, which was formed in 2011.
Groundwater Export Ordinance
Kern County adopted a groundwater export ordinance in 1998, which requires a Conditional Use
Permit for export of water to areas both outside the County and within watershed areas of
underlying aquifers in the County. The ordinance applies only to the southeastern drainage of the
Sierra Nevada and Tehachapi mountains in the South Lahontan Hydrologic Region in eastern Kern
County.
Title 22 Drinking Water Program
The Division of Drinking Water regulates public drinking water systems, which include municipal
and state small water systems. These systems are required to comply with the standards set forth in
Title 22 of the California Code of Regulations. For single parcel/single-connection systems, Kern
County Environmental Health Services provides regulation and oversight to meet the requirements
of Title 22.
2.1.4.2

Conjunctive Use Programs

Conjunctive use or “the coordinated use of surface water and groundwater” has been used for many
years in Kern County, for the benefit of water users, to allow for flexibility in the way water is

46

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

delivered, whether climatic conditions allow for imported surface water, or if groundwater is needed
in any given year. Conjunctive use is further described by the Water Education Foundation with the
following: “In its passive form, also called in-lieu conjunctive use, surface water is used in wet
years and groundwater is used in dry years. In active conjunctive use, surface water is directly
injected into aquifers and wells to be used as needed as part of groundwater banking” (Water
Education Foundation, 2019).
In the Kern Subbasin, conjunctive use plays a vital role for all beneficial users to coordinate the use
of surface water and groundwater to improve the overall reliability of water supply. Whether it be
water used to irrigate crops or to service communities for drinking water purposes, all users benefit
from conjunctive use programs throughout the Subbasin. Conjunctive use programs in the Subbasin
have been developed to capture and transport wet year surface water for the purpose of groundwater
recharge and offset use of groundwater pumping. In turn, this prepares the basin for dry periods
when groundwater may be limited. Projects such as interties, pipelines, and recharge basins have
been developed, financed, and implemented by districts within the Kern Subbasin to deliver, bank,
and return surface water, as well as replenish aquifers to better prepare for and manage during times
of dry periods when beneficial users are more reliant on groundwater. Many of these types of
projects have been incorporated in other state programs, such as the IRWM program. In the Kern
Subbasin, there are two IRWM regions including the Poso Creek IRWM Region and the Kern
IRWM Region. Both regions have developed plans to manage water use and delivery as well as the
development of water related projects. Further information on the types of conjunctive use
programs in the Kern Subbasin can be found in each of these plans. Additionally, many of the
projects captured in the IRWM plans are included in the management area plans as project and
management actions to be implemented within the Kern Subbasin to achieve groundwater
sustainability.
The majority of the KGA member agencies partake in groundwater banking and recharge programs.
The purpose of these programs is to bring surface water into the Subbasin to recharge groundwater
levels and better prepare for and manage water during times of dry periods or in wet periods where
water is of excess. Groundwater banking refers to recharging specific amounts of water in a
groundwater basin that can later be withdrawn and used by the entity that deposited the water.
KGA member agencies have banking agreements amongst each other. For example, members of the
Poso Creek IRWM such as Semitropic WSD and North Kern WSD, operate long-term water
banking programs that allow banking partners, including districts outside of the Poso Creek IRWM
Region, to store surplus water in another district and to recover their water when needed. These
districts receive surface water from the banking partners in years of ample supplies and deliver it to
their landowners for irrigation use in-lieu of groundwater pumping (Poso Creek Integrated
Regional Water Management Plan, 2019 Update). Once banked, the entity depositing the water
receives a credit and groundwater which otherwise would have been pumped remains in storage. In
the Poso Creek IRWM Region alone, there is approximately 25,000 acre-feet per month of recharge
capacity that can be used to bank imported surface water.
In addition to banking programs within the Poso Creek IRWM Region, other prominent
groundwater banking facilities in the Kern Subbasin include the Kern Water Bank and Kern County
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Water Agency - Pioneer Project. These are facilities managed by the Kern Water Bank and the Kern
County Water Agency, respectively. Kern Water Bank contains approximately 7,000 acres of
recharge ponds, which can recharge up to 72,000 acre-feet per month. When water is available to
the Kern Subbasin which cannot be absorbed, these water banking projects provide additional
storage facility for otherwise potentially lost surplus surface supplies available during wet years.
Most members of the KGA participate in banking and recharge programs in one way or another. For
further explanation of banking and recharge programs as well as district involvement, refer to
individual management area plans.
2.1.4.3

Well Permitting Process

Well permits within the Subbasin are issued by the Kern County Public Health Services Department
Water Well Program and will continue under SGMA. Kern County will continue to retain
jurisdiction over the water well permitting process. The Water Well Program issues permits to
construct, reconstruct, and destroy water wells. All wells must be constructed in accordance with
Kern County Ordinance Code, Section 14.08, and the State Department of Water Resources'
Bulletin 74-81 and Bulletin 74-90, except as modified by subsequent revisions. The ordinance
requires, among other things, that domestic and agricultural wells be installed a minimum distance
from potential pollution and contaminant sources; water quality be tested for new and reconstructed
wells; an NSF 61 approved flowmeter be installed; and the final well construction be inspected by
Kern County staff.
Through a collaborated process, the Kern Subbasin GSAs, with the KGA taking the lead, worked
with the Kern County Public Health Services Department to develop a supplemental well
application for wells to be installed within the Kern Subbasin (Figure 2-8). This new form requires
the applicant to provide additional information regarding construction of the well, proposed use, and
amount of water to be pumped. If the applicant knows the water district and GSA in which the well
will be located, it is indicated on the form. The application is completed and submitted to the Kern
County Public Health Department where it is forwarded to the appropriate water district or GSA,
through the KGA Planning Manager. The district in which the well is located is able to provide
comments on the application advising the applicant of sustainability criteria that may impact the
operation of the well. This process has been in place since January 2019 and demonstrates
coordination between Kern County Public Health Services requirements and SGMA requirements
concerning water well permitting processes.
2.1.4.4

Plan Elements from CWC Section 10727.4

Per Section 354.8(g) of the GSP regulations, each plan shall include a description of any additional
GSP elements included in Water Code Section 10727.4 appropriate to the region. While
management area plans provide full details for each element, this section provides a brief overview.
(a)

Control of saline water intrusion.
•

Because the Kern County Subbasin is located far from coastal areas, saline water
intrusion is not considered to be an issue.
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Figure 2-8. Kern County Public Health Services – Overdrafted Basin Supplemental Well Application
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(b)

Wellhead protection areas and recharge areas.
•

(c)

Kern County Public Health Services Department Water Well Program issues permits
to construct, reconstruct, and destroy water wells (see Section 2.1.4). Recharge areas
are managed by individual water districts in the Subbasin to bring in surface water to
recharge the groundwater aquifers. Many districts engage in banking programs and
work conjunctively to exchange water to support the sustainability of the Subbasin.

Migration of contaminated water.
•

(d)

The mitigation, remediation, and management of groundwater contamination plumes is
regulated in the Subbasin by the Central Valley Regional Water Quality Control Board
(CVRWQCB) and the County of Kern. Groundwater contamination plumes have been
identified by individual districts, which actively monitor groundwater sampling and
work with the CVRWQCB to address groundwater contamination issues.
Contamination plumes are not found in every district under KGA, refer to management
area plans for specific information.

A well abandonment and well destruction program.
•

(e)

Kern County Public Health Services Department Water Well Program issues permits
to construct, reconstruct, and destroy water wells (see Section 2.1.4).

Replenishment of groundwater extractions.
•

(f)

Activities implementing, opportunities for, and removing impediments to, conjunctive use
or underground storage.
•

(g)

KGA member agencies actively manage the groundwater basin within their
respective boundaries through conjunctive use and other programs. Refer to
management area plans for specific details pertaining to each management area.

Well construction policies.
•

(h)

KGA member agencies actively manage the groundwater basin within their
respective boundaries through conjunctive use and other programs. For specific
details pertaining to each management area refer to their management area plan.

Kern County Public Health Services Department Water Well Program issues permits
to construct, reconstruct, and destroy water wells. To see how this process is
coordinated under SGMA with the Subbasin GSAs, see Section 2.1.4.3.

Measures addressing groundwater contamination cleanup, groundwater recharge, in-lieu
use, diversions to storage, conservation, water recycling, conveyance, and extraction
projects.
•

Oversight of groundwater contamination cleanup is provided by the CVRWQCB and
the County of Kern.

•

Recharge policies exist across the Subbasin that allows on-farm banking as well as
banking and exchanges with other districts in the region.
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(i)

•

Conservation and irrigation efficiency practices have been encouraged and
incorporated both at the district and grower level.

•

In-lieu use, diversions to storage, water recycling, conveyance, and extraction
projects on managed on a district level in the Kern Subbasin.

Efficient water management practices, as defined in Section 10902, for the delivery of
water and water conservation methods to improve the efficiency of water use.
•

(j)

Efforts to develop relationships with state and federal regulatory agencies.
•

(k)

Many of the member agencies under KGA hold state and federal water contracts as
well as work closely with DWR on projects and management practices. Refer to
management area plans for further details.

Processes to review land use plans and efforts to coordinate with land use planning
agencies to assess activities that potentially create risks to groundwater quality or quantity.
•

(l)

KGA Member Agencies are constantly pursuing efficiency with their water
management practices through management plans as outlined in the management
area plans.

There are a number of water use and land use programs member agencies are
involved in within the Kern Subbasin that require land use plans. Refer to
management area plans for further details.

Impacts on groundwater dependent ecosystems.
•

This element is covered in the KGA Umbrella Chapter, Section 2.3.8, as well as the
individual management area plans.

2.1.5 Notice and Communication
SGMA requires that GSAs consider the interests of all beneficial uses and users of groundwater and
to encourage and include them in the GSP development process. To capture the intent of SGMA, as
legislation better served under local control, KGA member agencies played a vital role in the
development of this GSP. This process included communication and outreach at the local level,
with each KGA member agency engaging with its beneficial users to gather vital input, data, and
feedback to ensure the success of this GSP and individual management area plans.
In May of 2018, the KGA initiated the development of a Communication and Engagement Plan
(C&E Plan) (Attachment E) to facilitate and assist KGA member agencies in stakeholder
engagement and outreach. KGA communication and outreach consisted of stakeholder meetings
and workshops; maintaining an interested parties list for KGA events; and development of a
Stakeholder Survey and Agricultural Survey for the benefit of KGA member agencies. In addition
to outreach and communication through the KGA, each member agency was tasked with conducting
their own communication and outreach to better capture the diverse needs of their beneficial users
within their jurisdictional areas. By receiving information directly for member agencies using a
local control approach, users greatly benefitted.
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For more detailed information on KGA member agency communication and outreach efforts please
see the member agencies’ management area plans.
2.1.6 Description of Beneficial Uses and Users in the Subbasin
As was previously stated, as required by SGMA, GSAs must consider the interests of all beneficial
uses and users of groundwater and include them in the GSP development process. For the KGA and
its member agencies, beneficial users are stakeholders who have an interest or a need in
groundwater use within the boundaries of the KGA. With the development of the C&E Plan the
focus was to address the opportunities for engagement and to encourage participation by beneficial
users. Located within the C&E Plan are lists of beneficial users as well as a stakeholder engagement
timeline based on phases of the GSP development and implementation processes. The engagement
timeline for the KGA are shown in the following figures; Figures 2-9, Phase 1: GSA Formation and
Coordination; Figure 2-10, GSP Preparation and Submission; and Figure 2-11, GSP Review and
Evaluation.
Another component of the C&E Plan was the development of the interest parties list. The interested
parties list began development immediately and is constantly updated to include all interested
parties who sign in/attend any of the monthly meetings held by the KGA and/or its member
agencies.
The development of the Stakeholder Survey and Agricultural Survey was a vital instrument in the
KGA outreach during the process of the development of the management area plans. To capture as
many diverse beneficial users as possible, the Stakeholder Survey was developed in both English
and Spanish and was available at workshops, stakeholder meetings, and both were accessible on the
KGA website where they could be completed online. The information provided by the beneficial
user assisted the KGA member agencies in the development of their projects and management
actions. These surveys are located on the KGA website and can be completed online anytime during
the process of the development of the management area plans. Monthly, the KGA took the
information provided from those surveys and provided a summary report to the KGA Board of
Directors, the KGA member agency managers, and to the public for their consideration.
2.1.7 Communication
Decision-Making Process
KGA was formed by a JPA that stipulates that each member agency has the sole right and
responsibility to develop and implement SGMA within its respective boundaries; however, the
KGA Board is the final decision-maker for the KGA and its member agencies, except for the
implementation of SGMA within a management area. Implementation of SGMA is to be governed
by the member agency within its jurisdiction.
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Figure 2-9. Kern Groundwater Authority’s Communication & Engagement Timeline – Phase 1: GSA Formation and Coordination
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Figure 2-10. Communication & Engagement Timeline – Phase 2: GSP Preparation and Submission, and Phase 2: GSP Review and Evaluation
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Figure 2-11. Kern Groundwater Authority’s Communication & Engagement Timeline – Phase 3: GSP Review and Evaluation
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The JPA is written to provide open and transparent communication to all beneficial users; thus, the
KGA’s decision-making process consists of several public meeting opportunities:
•

The KGA Board of Directors public meetings are on the fourth Wednesday of every month
and include presentations regarding the development of the GSP as well as decisions on
coordinated SGMA requirements with the other GSAs in the Subbasin. Public meetings also
include administrative and financial decisions. Meeting notification includes public posting
of the board agenda and background materials on the KGA website and an email notification
to the interested parties list a week prior to the meeting, which also includes all relevant
meeting materials.

•

As the Subbasin GSPs were developed, KGA and the other GSAs established coordination
meetings. These meetings began in July 2018 to coordinate each of the five GSPs scheduled
to be developed and submitted to DWR. These meetings are held every Friday morning and
are attended by all KGA member agency managers and the other four GSA managers. These
meetings included discussions to obtain an understanding and consensus on the data and
methodologies used in the five GSPs. Once an understanding and consensus was reached,
the data and methodology were then discussed at the Kern GSA Coordination Committee
meeting, where each of the five GSAs are represented by a policy or board member and a
staff manager, as well as at stakeholder public meetings.

•

Stakeholder public meetings were held on the first Monday of every month where
presentations were made concerning the development of this GSP as well as items that need
to be coordinated under SGMA with the other GSAs. These meetings began under the name
of the Coordination Committee and then changed to Stakeholder meetings in 2018.
Typically, meetings were open discussions with occasional presentations for specific GSP
elements. If there were no new developments on the GSP, meetings were cancelled to take
into consideration beneficial users’ time. All meeting dates and presentation materials are
located on the KGA website with email notifications sent out to the interested parties list
prior to meetings, which included all relevant meeting materials.

•

Kern GSA Coordination Committee meetings were established to coordinate the data and
methodologies at a policy-level. These meetings were held on the third Wednesday of every
month and were attended by one policy decision-maker from each of the GSAs and staff
members to assist in the discussion. These meetings were established to maintain the
coordination as well as the requirement of utilizing the same data and methodologies
throughout the development of the five GSPs.

Public Engagement Opportunities
As previously stated, each KGA member implemented its own outreach programs to provide
opportunities for beneficial users to participate in the development of individual management area
plans. The details of these outreach programs can be found in the management area plans. However,
the KGA held several public workshops, stakeholder meetings (mentioned above), Farm Bureau
meetings discussions, and media outreach. These meetings are listed in the C&E Plan and are also
indicated in the list below.
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2.1.7.1

Informing the Public about GSP Development Progress

KGA Website
The website was established immediately upon approval as an exclusive GSA and is updated
monthly with materials from all the meetings including presentation materials and board packages.
There is also a Resource & Outreach tab that provides the technical reports and workshop materials.
Interested Parties List
An email distribution list of stakeholders and beneficial users was developed and is constantly
updated for outreach and notices throughout the GSP planning process. The list is maintained and
updated by the KGA and is included in the C&E Plan.
Media
The KGA has participated in several media segments televised by Kern Golden Empire Television
(KGET) Channel 17 – Kern County in Depth segment. There have been three tapings since the
establishment of SGMA, one for the formation of the GSAs, the withdrawal of Kern County
impacts to SGMA and the beginning process of the GSP, and the release of the GSP and the process
moving forward. These are televised for a month and are also located on KGET Channel 17
website.
2.1.7.2

Public Comments

Public comments were collected throughout GSP development process and incorporated into the
development of KGA Umbrella GSP and the management area plans of the KGA members, as
described above. Additionally, the KGA prepared a Public Draft Kern Groundwater Authority
Groundwater Sustainability Plan in August 2019. The draft KGA GSP was made available during a
noticed public comment period from August 30, 2019 to November 28, 2019. Comments received
were considered and responded to either in this final version of the KGA GSP or were forwarded to
the appropriate KGA member agency for their consideration. All comments received and responded
to those comments are included in Attachment F.

2.2 Basin Setting
This basin setting focuses on the area encompassed within the jurisdiction of the KGA, its
participating members agencies, and collaborators. Figure 2-1R presents the current extent of the
KGA jurisdictional area and member agencies. Due to the proximity of adjacent GSAs, details and
data from adjacent GSAs are included herein. This basin setting is intended to represent an
overview of the entire Subbasin. Additional details are included in the basin setting description of
other GSPs prepared in the Subbasin and in the management area plans prepared by KGA member
agencies.
2.2.1 Hydrogeologic Conceptual Model
Numerous descriptions and reports of local hydrogeologic conditions are available for the Subbasin.
Details from previous investigations relating to the regional geologic and structural setting of the
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Subbasin; geologic features affecting groundwater flow; vertical and lateral boundaries; primary
aquifers and aquitards; groundwater elevations and flow direction over time; and water quality are
described below. This information is the foundation for the hydrogeologic conceptual model
(HCM). This HCM has been prepared under the supervision of Matthew Mayry, Certified
Hydrogeologist.
2.2.1.1

Kern County and Lateral Boundaries

The Kern County Subbasin (5-022.14) (Figure 2-12), is within the southernmost portion of the
Tulare Lake Hydrologic Region of the San Joaquin River Basin (5-022). The Subbasin encompasses
a surface area of 1,792,000 acres (2,800 square miles) and contains approximately 32,000 feet (6
miles) of marine and continental sediments (DWR, 2006; Page, 1986). The Subbasin has
approximately 40,000,000 acre-feet (AF) of groundwater storage with another 10,000,000 AF of
storage capacity, including areas where water levels have declined (DWR, 2006). A recent U.S.
Geological Survey (USGS) estimate of sediment thickness is 3 miles for the San Joaquin Valley
(Faunt et al., 2009). Continental sediments comprise up to approximately 3,400 feet of the material
along the Kern River near the town of Tupman (western side of the valley), and the base of the fill
is over 18,000 feet deep (Davis et al., 1959).
The lateral boundaries of the Subbasin, are defined by various jurisdictional and geomorphic
segments, as presented by DWR (2016b). The Subbasin is bounded by the Sierra Nevada on the
east; by the Tehachapi mountains, San Emigdio mountains, and White Wolf Subbasin (5-022.18) on
the south; and the Coast Range (Temblor Range) on the west. To the north of Subbasin are the
following Subbasins: Kettleman Plain (5-022.17), Tulare Lake (5-022.12), and Tule (5-022.13).
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Figure 2-12. Kern County Subbasin and Vicinity
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2.2.1.2

Regional Geologic and Structural Setting

A brief description of the evolution of valley sediments and fill is included below, as it relates to the
regional aquifer system of the Tulare Lake Region of the San Joaquin Valley Basin.
During pre-Tertiary time granitic rocks were deposited in the present-day area of the Sierra Nevada
and Tehachapi Mountains (eastern and southeastern flanks of the Subbasin). Plutonic and tectonic
activity also formed metamorphics that occur along the margins of the Subbasin. As tectonic
activity uplifted these granitic and metamorphic deposits, erosion with subsequent transport of
sediment into the basin occurred. These rocks form an almost impermeable boundary for the
groundwater basin, but fractures and joints permit small yields of water to wells (Page, 1986).
Near the end of the Late Cretaceous, tectonic movements elevated the Coast Ranges to the west of
the Central Valley which created a marine embayment in the present-day Southern San Joaquin
region. During the Tertiary, seas advanced and retreated within this southern embayment, resulting
in deposits comprised of both continental and marine sediments. The most recent of which are the
Pyramid Hills, Vedder Sand, Olcese Sand, Santa Margarita Formation, and San Joaquin and
Etchegoin Formations.
During the late Tertiary, uplift of basement occurred near present-day Bakersfield forming what
researchers have termed the Bakersfield Arch. The Arch effectively resulted in depocenters for
thick sequences of sediment to accumulate to the north and south of the Kern River (Bartow, 1991;
Vasconcellos, 2016; Figure 2-13) during later Tertiary and Quaternary time. Tertiary crustal uplift
and shifting caused the formation of the Sierra Nevada, Temblor, and Coast Ranges (Bartow, 1991).
Crustal deformation along the proto-San Andreas and present-day San Andreas led to the formation
of the structural traps for oil and gas accumulation throughout the west-side.
The Quaternary Period (Pleistocene and Holocene), marked a time when the seas retreated, and
continental deposits from alluvial and fluvial systems formed (Tulare and Kern River Formations
(Page, 1986). Marine rocks and deposits are, in part, the source rocks for the Tulare Formation on
the west and the granitic from the Sierra Nevada on the east are the source rocks for the Kern River
Formation. Some of the marine deposits on the west, contain saline water, that could have migrated
into adjacent and overlying continental deposits (Page, 1986). Overall, the continental rocks make
up most of the regional aquifer system in the central and eastern sides of the Subbasin while
brackish to freshwater deposits and eroded marine deposits of the Coast Range make up a very
small portion of the water-bearing units on the western side of the Subbasin.
The Pleistocene Epoch was dominated by brackish and freshwater lakes within the Subbasin,
resulting in thick deposits of clay, as found throughout the upper Tulare Formation. In particular,
the Corcoran Clay has been mapped over much of the San Joaquin Valley (including Tulare Lake
Region), and its equivalents have been correlated to clays beneath the Kern and Buena Vista dry
lake beds in the southern part of the Subbasin, as well as the Tulare Lake sediments on the northern
boundary of Kern County (Croft 1972; Page, 1986) (Figure 2-14). This clay makes up a
considerable impermeable to semipermeable zone that divides shallower poor-quality water from
higher quality water of the regional aquifer system.
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Figure 2-13. Geologic Map (Bartow, 1991)
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Figure 2-14. Approximate Thickness and Extent of E-Modified Corcoran Clay
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Since the Pleistocene Epoch, stream channels, lakes, and rivers have deposited alluvium throughout
the Subbasin. Alluvial fans have formed on both sides of the valley, but most notably on the eastern
side where the Sierra Nevada granitics are the main source of sediment (Poso Creek Fan, Kern
River Fan, and Caliente Creek Fan). On the eastern side of the valley, these stream channels are
large, laterally migrating distributary channels. Over time, shifting stream channels have created
coalescing fans, forming broad sheets of inter-fingering, wedge-shaped lenses of gravel, sand, and
finer detritus (Page, 1986), which make up the shallow continental water-bearing deposits of the
regional aquifer system. Page (1986) identified various depositional environments for the
continental sediments, including alluvial fan and deltaic conditions on the eastern side of the valley,
and flood-plain, lake, and marsh conditions on the western side. Consequently, coarse-grained
deposits are predominant on the eastern side while fine-grained deposits are predominant within the
central and western areas of the Subbasin.
Figure 2-15 is a conceptual block diagram that generally illustrates the highlands surrounding the
Subbasin with folded beds separating the west side from the east side. This diagram displays the
succession of marine deposition to more recent continental deposition and alluvium with fresher
water deposits.

Figure 2-15. Conceptual Block Diagram Looking North from Kern River

The geologic history discussed above is related to the stratigraphy described below, and as
summarized in Table 2-2. The description also includes a discussion of the portions of the
formations that bear groundwater that have been utilized historically.
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Table 2-2. Generalized Hydrostratigraphy of Kern County Subbasin
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Stratigraphy
The Oligocene Pyramid Hills and Vedder Sands are interbedded sandstone and siltstone deposited
in a shallow to deep marine environment and in a limited non-marine environment. They may
produce fresh groundwater on the east and southeast sides of the Subbasin (Page, 1986).
The Miocene Olcese Sand and Santa Margarita Sandstone are current sources of drinking water in
the northeastern portion of the Subbasin where they occur as confined aquifers (KTWD, 2016). The
origin of the Miocene Olcese Sand and Santa Margarita Sandstone varies from continental to
marine going from east to west across the Subbasin (Scheirer, et al, 2007a). The Miocene Olcese
Sand ranges up to 600 feet in thickness and consists of unconsolidated medium- to coarse-grained
sand containing a few pebble and siltstone beds. The formation is exposed in the Poso Creek area
(Page, 1986) and is utilized by the Olcese Water District in the Kern River Canyon. The Santa
Margarita Sandstone ranges in thickness from 200 to 600 feet and consists of coarse-grained sand
(DWR 2006), and includes an upper bed of fine, silty, well sorted gray sand, and a lower bed of
brownish-gray and brown fossiliferous micaceous sandy siltstone. According to Page (1986), the
sandstone is a major aquifer that reportedly yields as much as 1,950 gallons per minute (gpm) to
wells. Croft (1972) reported that the formation also yields water to wells in the foothills southeast of
Bakersfield. The Round Mountain Silt is an aquitard that separates the Miocene Olcese Sand from
the Santa Margarita Sandstone and acts as a confining unit for the Miocene Olcese Sand (KTWD,
2016). This silt unit consists mostly of a gray and brown siltstone that contains beds of diatomite
and silty sand (Page, 1986), and ranges in thickness from 0 to about 200 feet.
The Mio-Pliocene Etchegoin Formation varies considerably, ranging from clay and silt to sand,
gravel, and sandstone. It ranges in thickness from a few tens of feet to more than 2,000 feet. Several
wells near the foothills and a few deep wells in the valley derive fresh water from the Etchegoin;
however, its depth is more than 3,000 feet beneath most of the valley and is limited to deep well
production (Page, 1986).
Overlying the Etchegoin Formation is the Pliocene San Joaquin Formation of marine deposition. It
contains silt and silty sandstone, with a conglomerate at the base of the formation. In the deep
subsurface northeast of the Kettleman Hills, the formation is considered a shoreline deposit because
the material is coarser and more permeable than in the Kettleman Hills area and yields fresh water
to many wells. The San Joaquin Formation is the youngest marine deposit in the Central Valley
(Page, 1986), representing the end of marine deposition in this area. Overlying sediments were
deposited by alluvial, fluvial, and lacustrine processes.
The Tulare Formation is Plio-Pleistocene in age, and in conjunction with the Kern River Formation
(Mio-Pliocene to possibly early Pleistocene), represents west-east facies change across the
Subbasin. The Tulare and Kern River formations are moderately to highly permeable and are major
freshwater sources within the Subbasin (Page, 1986; SWSD, 2012).
The Tulare Formation (western-central Subbasin) contains up to 2,200 feet of interbedded, oxidized
to reduced sands, gypsiferous clays, and gravels derived primarily from Coast Range sources. The
permeable deposits of the Tulare Formation are divided into upper and lower units, separated by the
E-modified Corcoran Clay member (Corcoran Clay) of the formation. Groundwater beneath the
Corcoran Clay is typically confined to semiconfined (Page, 1986; SWSD, 2012). In addition to its
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confining properties, laboratory tests indicate that the clay is highly susceptible to compaction
(Faunt, et al., 2009). On the west side of the Subbasin, the Tulare Formation is also divided by
upper and lower units by potential equivalents to the Corcoran Clay that are reported locally
(Rector, 1983; Geomega, 2001). While the central part of the basin was deposited in a fluviallacustrine environment, the west side has lacustrine claystones, fan-delta deposits, debris-flow
dominated alluvial-fan deposits, but also paleosols representing an arid to semiarid setting (Nilsen
and Campbell, 1996). The difference in Tulare deposition illustrates fundamental differences
between the west side and east side aquifer system.
The Corcoran Clay occurs laterally in the north Subbasin (~34 miles wide in extent) from Delano to
Lost Hills (Figure 2-14) and narrows to the south where it is not a confining bed in the Kern Fan
Area. Although the USGS data present a clay in the western part of the Kern Fan area, local data do
not support the presence of an extensive confining clay in the Kern Fan area. A clay in the south
part of the Subbasin has been correlated as the Corcoran Clay by many investigators including Croft
(1972) and Page (1986). It extends from Buena Vista Lake Beds to just east of Arvin and DiGiorgio
(~31 miles wide in extent). In the south Subbasin, the Corcoran Clay is present at depths between
250 and 650 feet (DWR, 1981). Within the central area of the Subbasin between the Kern River and
Highway 46, the depth to the Corcoran Clay varies from 300 to 450 feet. Further north to the county
line, the depth varies from 200 to 750 feet. The Corcoran Clay, most notably the modified E-clay
(Page, 1986) is generally very fine grained; however, isolated, coarser zones are possible,
particularly where the clay is less than 20 feet thick. The thickness of the clay is as much as 100 feet
in a small area of the southern Subbasin but typically varies between 20 and 40 feet. In the northern
Subbasin, the clay might be as thick as 60 to 80 feet in isolated areas, but the thickness typically
varies between 10 and 30 feet. The Corcoran Clay does not exist under the Kern Alluvial Fan (Kern
Fan), where the shallow unconfined layers are separated from deeper layers by an intermediate zone
of interbedded sands and silts which retard vertical groundwater flow and create an increase in
semi-confinement with depth. The Corcoran Clay is also not present in the eastern/northeastern part
of the Subbasin from the cities of McFarland and Bakersfield, to Edison (Faunt et al., 2009).
The Kern River Formation includes from 500 to 2,000 feet of poorly sorted, lenticular deposits of
clay, silt, sand, and gravel derived from the Sierra Nevada. The Kern River Formation crops out in
the east Subbasin and reaches its maximum thickness of 2,600 feet in the subsurface west of
mapped outcrops (Bartow and Pittman, 1983). The formation consists mostly of poorly sorted
fluvial sandstone and conglomerate with interbeds of siltstone or mudstone that becomes finer
grained northward and westward. Some of the thicker siltstone or mudstone interbeds may represent
deposits of small ephemeral lakes or ponds (Bartow and Pittman, 1983). The Kern River Formation
is coarsest in its easternmost exposures, generally the area south of the Kern River, where the
composition includes a cobble conglomerate with boulders near the base and pebbly sandstone.
(Bartow and Pittman, 1983). Two oil-producing zones occur in the lower part of the formation
where it is believed to have migrated to the Kern River Formation from older marine sediments
(Bartow and Pittman, 1983).
The Kern River Formation unconformably overlies the Chanac Formation and may be
contemporaneous with the Etchegoin, San Joaquin, and the Tulare formations (Bartow and Pittman,
1983 and Bartow, 1991); however, Graham and others (1988) concluded that the Kern River
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Formation predates the Corcoran Clay, which has a basal age of about 725,000 years. Radiometric
dating of a volcanic ash layer near the top of the Kern River Formation at the Kern River oilfield
may agree with the aforementioned basal age; however, others dated this ash bed at 6 million years
which would place the Kern River Formation solely in the Miocene (Scheirer et al., 2007a).
Nevertheless, the gradational relationship between the Kern River Formation and seemingly
younger units such as the Etchegoin, San Joaquin, and Tulare formations would have to be
reexamined.
Older alluvium and terrace deposits overly the Tulare and Kern River formations. These deposits
also make up a portion of the regional aquifer system. They are composed of up to 250 feet of
Pleistocene-age lenticular deposits of clay, silt, sand, and gravel that are loosely consolidated to
cemented. These deposits are moderately to highly permeable and yield sufficient water to wells.
They are often indistinguishable from the underlying Tulare and Kern River formations (DWR,
2006).
The Holocene-age younger alluvium and flood basin deposits vary in character and thickness in the
Subbasin. Along the eastern and southern Subbasin margins, these younger deposits consist of up to
150 feet of interstratified and discontinuous beds of clay, silt, sand, and gravel. In the southwestern
portion of the Subbasin, the deposits are finer-grained and less permeable as they grade into finegrained flood basin deposits underlying the historic lakebeds of Buena Vista and Kern lakes in the
southern portion of the Subbasin. The flood basin deposits consist of silt, silty clay, sandy clay, and
clay interbedded with poorly permeable sand layers. These flood basin deposits are difficult to
distinguish from underlying fine-grained older alluvium (Page, 1986; DWR, 2006).
As described above for the deposition of the Tulare and Kern River formations and Quaternary
facies differ from west to east across the basin. The below diagram (Figure 2-16) illustrates the
general distribution of facies fluvial-deltaic deposition dominating the east-side; alluvial, lacustrine,
and marsh deposition dominating the central portions of the basin, and alluvial and debris flow
deposition dominating the western side of the Subbasin during the Quaternary.
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Figure 2-16: Generalized Quaternary Depositional Facies

2.2.1.3

Geologic Features that Significantly Affect Groundwater Flow

The primary structure in the Subbasin that affects groundwater flow is the large asymmetric
structural trough (San Joaquin Valley Syncline) that has been the depocenter of thousands of feet of
sediments since late Mesozoic time (Bartow, 1991). Groundwater naturally flows northwest along
the trend of the syncline. Likewise, the Bakersfield Arch is a broad southwest-plunging arch of
basement rock that separates the small Maricopa-Tejon sedimentary basin at the south end with the
remainder of the sedimentary basin to the north and west (Figure 2-13, from Bartow, 1991).
Groundwater recharging from the Kern River will flow north and south along the flanks of the arch
away from the center of the Subbasin.
Numerous faults and folds are located in the Subbasin, as shown in local geologic maps (Figures 213, 2-17, and 2-18). Bartow (1991) identified portions of three types of structural regions in
Subbasin, excluding the Bakersfield Arch. The northeastern third of the Subbasin, including the
north half of the Arch, is located on the minimally-deformed eastern limb of the valley syncline.
Normal faulting is associated with the Bakersfield Arch, occurring mostly in the older sediments
(QPc; Ts) but extending into and concealed by the younger sediments (Qoa, Q; Qs), notably the
Pond-Poso Creek Fault. Fault orientations vary from northwest to northeast due to alternating
compressional and extensional forces.
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Figure 2-17. Geologic Map (Page, 1986)

74

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-18. Geologic Map Index (CGS, 2010)
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Faults
Several faults have historical displacement or have been identified as features that affect
groundwater flow. The following are: Pond-Poso Fault, Edison Fault, White Wolf Fault, Kern Front
Fault, Premier Fault, New Hope Fault, and small portions of the Pond Fault (California Geological
Survey, 2010a). The Edison Fault and White Wolf Faults also affect the flow groundwater (DWR,
2006).
The southeastern quarter of the Subbasin, including the south half of the Bakersfield Arch, is
considered to be “highly deformed” and the “most complex tectonic history” (Bartow, 1991) due to
the alternating north-south compressional and extensional forces since the Cretaceous Period. The
southern boundary of the Subbasin is delineated by the northeast-trending White Wolf Fault, a
reverse fault with active displacement (DMG, 1955), that may have originally been a normal fault
(Bartow, 1991). The White Wolf Fault separates the Subbasin from the new White Wolf Subbasin
to the south. Two northeast-trending thrust faults are located at the southwestern corner of the
Subbasin, including the Wheeler Ridge and Pleito Faults. During the 1952 Bakersfield earthquake, a
group of small ground fractures developed in an alignment just north and subparallel to White Wolf
Fault. Numerous normal faults are located along the eastern margin of the southern Subbasin,
including the Edison Fault and many unnamed fault segments that were active during the 1952
earthquake. More detailed descriptions of local faults and folds of interest are described in the
chapters herein.
Folds
Several concealed folds have been delineated in the central Subbasin, the Paloma anticline,
Buttonwillow and Semitropic anticlines, San Joaquin Valley syncline, and other unnamed anticlines
and synclines in the Subbasin.
West-Side Fold Belt and Groundwater Flow
The west-side fold belt includes anticlines: Kettleman Hills, Lost Hills, Elk Hills, and at the east
boundary of the fold-belt, Buttonwillow and Semitropic anticlines (Bartow, 1991) (Figure 2-17;
Page, 1986). These structures are oriented toward the northwest, subparallel to the Coast Range and
the San Andreas Fault. Page (1986) and DWR (2006), identified the anticlinal folds of the
highlands, specifically Lost Hills, as restrictions to groundwater flow within the lowlands, and this
condition likely applies to other anticlines in the Subbasin.
Structurally, and to a large degree, lithological, the western side differs from the central and eastern
portions of the Subbasin. Western Plio-Pleistocene deposits are derived from weathering and
erosion of the Coastal Range made up of marine deposits yielding clays and silts and some sands.
On the other hand, the east side is made up of quartzose and feldspathic coarser sized sediments
from the Sierra Nevada.
In addition to structure, the thickness of fresh water bearing deposits and the sources of
groundwater recharge differ between the west side and the central and east side of the Subbasin. In
general, the differences result in more restrictive localized groundwater system with poorer quality
water on the west side of the Subbasin.
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2.2.1.4

Kern County Subbasin Boundaries

As described above, the lateral boundaries are defined by jurisdictional and structural boundaries
(DWR, 2003, 2016a, 2016b). Within the jurisdictional boundaries of the Subbasin, are effective
lateral boundaries of usable groundwater or effective extents of the principal aquifers.
These boundaries will be discussed in the remainder of this section, and include the presence or
absence of: a sufficient quantity of groundwater for beneficial use; water quality changes rendering
groundwater unusable; and aquifer exemptions of portions of the Subbasin that either contain
commercially producible hydrocarbons or minerals, are high in total dissolved solids, and/or are
otherwise isolated from the rest of the Subbasin by geologic boundaries. The characteristics of the
effective groundwater Subbasin, as described above, also apply to the bottom of the groundwater
basin and are discussed in Section 2.2.1.5.
Criteria for the Extent of Groundwater with Beneficial Use in the Subbasin
An aquifer may not be suitable for beneficial use if:
•

It is not currently serving as a source of drinking water,

•

It has commercially producible minerals or hydrocarbons, or

•

It is not expected to supply a public water system, and

•

It is either economically or technologically infeasible for treatment or recovery now or in the
future for domestic, agricultural, or industrial use.

The purpose of this GSP is not to exempt aquifers, nor is it to define the maximum depth or water
quality concentration at which groundwater is economically recoverable or treatable now or in the
future. However, by applying the criteria of 40 CFR §144.3 and 40 CFR §146.4, active oil and gas
aquifers and exempted aquifers are not a part of the groundwater basin for beneficial use.
The groundwater Subbasin’s extent, where no exemptions or commercially producible
hydrocarbons exist, likely ranges between 3,000 milligrams per liter (mg/l) and 10,000 mg/l total
dissolved solids (TDS) depending on the feasibility of treatment and recovery of the groundwater
for beneficial use. The estimated lateral extents of the Subbasin are further presented with the
bottom of the Subbasin and cross sections of this plan.
2.2.1.5

Bottom of Subbasin

As described above, the following whichever is shallowest, are the lateral and vertical boundaries of
the groundwater Subbasin:
•

depth to producible minerals or hydrocarbons,

•

depth to and aerial extent of exempted aquifers,

•

depth that makes recovery of water for domestic, commercial, or industrial purposes no
longer economically or technologically feasible, or
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•

the depth at which groundwater cannot now or in the future serve as a source of drinking
water.

For example, water bearing zones below the depth to producible hydrocarbons are not within the
groundwater basin; likewise, water bearing zones below an exempted aquifer are not within the
groundwater basin.
In some parts of the Subbasin the lateral and bottom boundaries of the groundwater are subject to
depths to producible hydrocarbons and extent of depths to aquifer exemptions. As described above,
any water bearing zone below these three criteria are outside of the groundwater Subbasin. The
available depth to hydrocarbons and aquifer exemptions at the time of this GSP compilation,
although possibly generalized, are incorporated into Figures 2-19 and 2-20 for comparison.
As discussed above, it is not the intent of this plan to evaluate at which depth the groundwater is
economically recoverable or treatable in the future; but, for discussion purposes only, a TDS of
2,000 mg/l is presented in Figure 2-19, to consider the vertical and lateral distribution of a fresh
groundwater dataset in the Subbasin. A TDS of 2,000 mg/l has been mapped throughout the region
by Page (1973), historically, it was considered a limiting TDS concentration for the irrigation of
most crops (Page, 1973); however, it does not define the bottom of the groundwater Subbasin (or
the depth to water that is no longer economically or technologically feasible for groundwater
beneficial use). Other local datasets for a TDS of 2,000 mg/l are included in management area
plans.
By comparison the depth to TDS of 10,000 mg/l (Gillespie et. al. 2017) (one of the criteria for
classification as an underground source of drinking water (USDW)) is presented on Figure 2-20. As
discussed above, this depth may not represent the USDW if there are aquifer exemptions or
producible hydrocarbons shallower in the subsurface.
In addition to the datasets mentioned above, the SWRCB Resolution Number 88-63 (SRWCB,
1988), has also listed criteria for the suitable sources of drinking water for municipal or domestic
water supply. These sources are defined as waters that: have a TDS of less than 3,000 mg/l; are
reasonably expected by Regional Boards to supply a public water system, including sufficient yield;
are not contaminated or beyond reasonable treatment; and are not exempted by 40 CFR §146.4
(SRWCB, 1988). At this time, there is no dataset developed to present basin-wide correlations of
the SRWCB 88-63 base of drinking water.
An additional informal description of the bottom of the Subbasin may be referred to by some
researchers, at times, as the “current operational bottom of the Subbasin” which basically describes
the depth of active groundwater well pumping; however, this description should not be used to
satisfy SGMA requirements § 354.14(b)(3) of the California Code. The range of well depths and
perforations generally deepen in the alluvial aquifer system from the margins of the basin toward
well discharge points in the south-central and north-central Subbasin. The historical operational
bottom of the depth and/or the current operational bottom of the basin are not mapped herein
because the operational bottom of the Subbasin has increased with depth as groundwater elevations
have decreased over the years. In general, groundwater wells extend to depths of more than 1,000
feet (Page, 1986), and the maximum thickness of freshwater deposits is calculated at about 4,400
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feet, occurring at the south end of the valley (Page, 1986). Cross sections included in this plan
provide a representation of current well depths in the Subbasin.
Page (1973) Base of Freshwater
Although, not the bottom of the groundwater basin, the base of fresh groundwater (Figure 2-19) has
historically been defined by Page (1973), as the depth at which specific conductance (SpC) is 3,000
micromhos per centimeter (µmhos/cm) or microsiemens per centimeter (µS/cm), and is considered
to be generally equivalent to a TDS concentration of 2,000 mg/l. These values have been reported
because they may be considered a limiting factor for irrigation. The conversion factor from SpC to
TDS used for this determination was 0.67, which is midway between the typical range of 0.55 to
0.75 (Hem, 1985), and is dependent on the composition of groundwater.
The base of fresh groundwater is quite variable in the Subbasin ranging over 4,000 feet, as listed
below:
Location
Southeast, T31S/R28E-Section 32,
Northwest, T26S/R20E-Section 34,
Northeast, T25S/R27E-Section 6,
East central, T29S/R27E-Section 12,
West central, T29S/R24E-Section 16,

West of Arvin
Lost Hills area
South of Richgrove
Oildale
East of Buttonwillow

Elevation,
feet msl
> -4400
0
-2800
-2000
-800

Depth, feet
below ground
~ 4700
~ 400
~ 3300
~ 2500
~ 1100

On the east side of the Subbasin, the base of fresh groundwater trends parallel to nearby faulting.
The 2,400-foot below mean sea level (bmsl) contour (and other deep contours) on Figure 2-19
represents a northwest-trending trough of fresh groundwater between Bakersfield and Wasco. This
trough lies between the concealed Poso Creek fault to the northeast and the pre-Quaternary Greeley
Fault on the southwest that extends from the Kern River to the Kern National Wildlife Refuge. This
“graben” of deeper fresh groundwater appears to be trending with these faults.
A smaller, northwest-trending trough of fresh groundwater is located east of Delano and south of
Richgrove on the west side of several northeasterly-trending faults. This trough of fresh
groundwater may be more of an indicator of freshwater in the Santa Margarita and Olcese aquifers.
On the west side of the Subbasin, notably, west of Lost Hills, Buttonwillow, and Elk Hills, Page
(1973), reported very little data for groundwater less than 3,000 µmhos/cm. The lack of data is a
combination of evidence suggesting that there is very little fresh water (<3,000 µmhos/cm), on the
west side as corroborated by other sources (Gillespie et. al., 2017; and Metzger and Landon, 2018),
and a potential data gap where additional data may be useful.
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Figure 2-19. Base of Fresh Water by Page (1973) with Non-USDWs
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Figure 2-20. Elevation Contours of 10,000 MG/L TDS with Non-USDWs
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Gillespie et. al. 10,000 mg/L TDS
The depth to groundwater with a TDS of 10,000 mg/l (Figure 2-20), is the deepest possible USDW.
Gillespie et. al. (2017) and Kong (2016) developed these data based on geochemical analysis of
water samples and geophysical log analysis. The depth to 10,000 mg/l TDS is generally consistent
with regional trends within the Subbasin. Southeast of the City of Bakersfield, the 10,000 mg/l TDS
is mapped to a depth of 6000 ft. This is consistent with the knowledge that this area of the Subbasin
receives the greatest amount of fresh water recharge from the Sierras.
In the Maricopa depocenter in the south part of the Subbasin a couple miles north of Wheeler Ridge
the 10,000 mg/l TDS contour may be as deep as 10,000 ft. No chemical analysis data were available
to verify this geophysical log interpretation; however, the results from Page (1973), also mapped the
depth to 2000 mg/l groundwater at 4600 ft (which was the deepest fresh water in the Subbasin)
(Gillespie et. al., 2017). The Maricopa depocenter appears to have fresh water that extends deeper
than anywhere else in the Subbasin.
Salinities in the west Subbasin are much higher, and depths to the base of USDW are more variable
(Gillespie et. al., 2017). The structural complexity along the west side of the valley may be a
contributing factor to the variable distribution of water salinity in this area. Gillespie et. al. (2017),
cite that numerous wells contain waters between 3000 and 10,000 parts per million (ppm) in the
nonmarine Tulare Formation and overlying alluvium in the western Subbasin.
Figure 2-21 below is a conceptual profile illustrating the general difference between the shallow and
deep aquifer systems (fresh water continental deposits and alluvium, and saline water marine
deposits), and the differences between the west and east side aquifer systems. In general,
groundwater is more saline on the westside, while the freshwater column is thickened in the easterncentral part of the Subbasin.

Figure 2-21. Groundwater Subbasin Conceptual Profile
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2.2.1.6

Principal Aquifers and Aquitards

The groundwater aquifers of the Subbasin are geologically diverse with differing zones of confined,
semiconfined, and unconfined groundwater conditions. As depicted in the below Figure 2-22, the
primary aquifer system occurs in the central-northern, central, and central southern portions of the
Subbasin. It consists of the Tulare formation, Kern River formation, and overlying alluvium. On the
eastern side of the Subbasin are the confined Santa Margarita, Olcese, Pyramid Hills, and Vedder
Sands. Groundwater wells extract water where these aquifers are not exempted and where they are
feasible for groundwater supply use without hydrocarbons, On the western side of the Subbasin,
very little usable groundwater occurs. In the northwest, groundwater supply production is likely
limited and may occur in alluvium and/or the Tulare Formation.
In addition to the formations described above, groundwater may also be pumped from the San
Joaquin and Etchegoin (Page, 1986; Bartow and Pittman, 1983) in the central portion of the
Subbasin; however, little information is available to further document the groundwater
characteristics or extraction within these zones.

Figure 2-22. General Distribution of Groundwater Aquifer Supply Production in Kern County Subbasin
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Formation Names
Table 2-2 presents the hydrostratigraphy and summary of the geologic units of interest with general
details and a general summary of deposition and aquifer context.
The Subbasin groundwater system is dominated by alluvial/fluvial deposits on a basin-wide scale
and produces an intricate, heterogenous grouping of aquifers. Although formations can be mapped
across the Subbasin, much of the material is not distinctive in the subsurface and designation of a
particular formation is difficult. Additionally, the E-modified layer of the Corcoran Clay member of
the Tulare Formation is correlated across much of the Tulare Lake Hydrologic Region; however,
there are still localized debates and questions on the extent and correlation of the E modified clay.
Refer to the discussion on stratigraphy in section 2.2.1.2. for a brief description of the formations
and their general context in relation to the aquifer system.
Primary Aquifer System
The primary aquifer system of the Subbasin is within the Tulare and Kern River formations and
overlying alluvium. It includes differing zones of confined, semiconfined, and unconfined
groundwater conditions, due to the presence of clays that act as local aquitards. The Corcoran Clay
and other equivalent clays occur within the Tulare Formation in the central and southern parts of the
Subbasin (Page, 1983 and Page, 1986). Where extensive clays are present, some areas of the aquifer
system may consist of a deeper confined zone and a shallower unconfined to semi-confined zone.
Within the eastern portion of the Subbasin and in the vicinity of the Kern River Alluvial Fan, the
aquifer system is made up of an unconfined to semi-confined zone. Shallow zones are also present
locally in the northwestern and southern portions of the central Subbasin. The shallow zone is not a
part of active groundwater extraction, but data are included in the groundwater conditions section of
this report to evaluate changes over time.
Some researchers in the Subbasin define the primary aquifer system as one principal aquifer
because the confining beds such as the E-modified Corcoran Clay or equivalent, are not laterally
continuous across the Subbasin, or lithologically consistent allowing for continuous confinement. In
addition, there are older wells in some parts of the Subbasin, that are screened across the Corcoran
Clay which could allow interconnection of water between the upper and lower zones. However, for
the past few decades, local county enforcement has worked to eliminate well construction practices
with screens across encountered upper unconfined zones and lower confined zones.
In addition, to the aquifer zones described above, there is a shallow groundwater zone occurs above
the A-Clay or other shallow clay; however, this zone has poor quality water and is not a part of the
groundwater supply aquifer system. Table 2-3 is a summary of generalized aquifer characteristics of
the primary aquifer system.
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Table 2-3. Primary Aquifer System of Kern County Subbasin
Generalized
Hydrostratigraphy
Unconfined Zone

Relative
Depth

Basin Extent
East side “main
production zone”

Water
Quality
Good

Corresponding Formations
Eastside Alluvium and Kern River
Formation

Middle to
Deep

Confined, Semi-confined,
or Lower Zone

Central, above
the Corcoran Clay

Moderate

Central Subbasin, above the
Corcoran Clay Member (E) of the
Tulare Formation, or other equivalent
fine-grained layers.

Central “main
production zone”

Good to
Moderate

Confined to Semiconfined. Alluvium,
Kern River Formation, and Tulare
Formation

Eastern Confined Aquifers
Along the eastern margins of the Subbasin, other principal aquifers, where classified as USDWs and
not exempted, include, semiconsolidated rock such as the Santa Margarita Sandstone, and Olcese
Sands. These confined aquifers are hydraulically separated from the Kern River Formation aquifer
system by Pliocene marine deposits. Other aquifers to the east, where classified as USDWs and not
exempted, include the Pyramid Hills, Vedder Sand, and the Chanac Formation (Page, 1986; Bartow
and Pittman, 1983). The extent of groundwater production in these aquifers is limited by the extent
of producible hydrocarbons, aquifer exemptions, and increased salinity with depth.
West-side Aquifers
Alluvial aquifer zones on the west side of the Subbasin may contain groundwater that is higher in
TDS. This groundwater occurs in the fold belt associated with folded and faulted strata. Where
aquifers are classified as USDWs and not exempted per 40 CFR §144.3, groundwater may be
pumped for beneficial use. The Tulare Formation makes up most of the aquifer system on the west
side; however, the Tulare Formation differs in facies and origin than what is documented in the
central portion of the Subbasin. West-side aquifers are described in more details in the management
area plans.
Physical Properties of Each Aquifer and Aquitard
Aquifer parameters within the Subbasin are available from both well pumping tests and calibrated
groundwater models. Data are summarized in Table 2-4 and Figure 2-23. Aquifer properties
reported herein include hydraulic conductivity which is a volume of water that will move in a unit
of time, under a unit hydraulic gradient through a unit area, and the specific yield (unconfined
systems) and storage coefficient (confined systems), which are functions of an aquifer’s ability to
store and release water from storage (storativity).
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Table 2-4. Aquifer Parameters for Kern County Subbasin

Data Source

Kern Pumping Tests Compilation
(Todd, 2018)
USGS - Kern Pumping Tests
(Observation Wells)
USGS - Kern Recovery Tests
USGS - CVHM Range
DWR - C2VSim Range
Layer 1
Layer 2
Layer 3
Todd Groundwater 2018 Model
Range
Layer 1
Layer 2
Layer 3
Layer 4
Todd Groundwater 2017 Model
Average
Layer 1
Layer 2
Layer 3
Layer 4
USGS - Water Supply Paper 1618
White-Poso Unit (upper 200 ft)
Kern River Unit (upper 200 ft)
Edison-Maricopa Unit (upper 200 ft)
USGS - Water Supply Paper 1618
Clay and Fine Grained Units
Silt, Gravelly Clay, Sandy Clay
Units
Fine, tight sand, tight gravel
Loose, well sorted sand, gravel

Calculated Horizontal
Hydraulic
Vertical Anisotropy
Storage Coefficient
Conductivity
Kh/Kz
(feet/day)

Specific Yield

7 to 250

--

0.0008 to 0.034

--

20 to 1600

--

0.0004 to 0.002

--

100 to 800
0.24 to 3300

---

---

-0.09 to 0.40

15 to 78
< 1 to 100
3.0 to 7.0

275 to 500
20 to 4000
60 to 100

-5.E-07 to 8.E-06
--

0.12 to 0.40
---

32 to 85

10 to 200

-3.E-02

29 to 75
10 to 70

50 to 500
500

1.4E-07 to 9.4E-07

0.15 to 0.25
0.02 to 0.21
0.00004 to 0.00022
0.0011 to 0.0019

300 to 335
2
67 to 70
22 to 37

1150 to 1200
1050 to 1250
1000
2200 to 3700

-8.6E-06 1.4E-05
0.00024
0.00058

0.21
----

----

----

----

0.086 to 0.095
0.125 to 0.132
0.12 to 0.14

--

--

--

0.03

--

--

--

0.05

---

---

---

0.10
0.25
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Figure 2-23. Hydraulic Conductivity Values
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Hydraulic Conductivity
Aquifer data derived from pumping tests were taken from two sources: 1) relatively short (1.5- to
5-hour) pumping tests by the USGS at irrigation wells during the late 1950s and 1960 (McClelland,
1962), and 2) from constant rate pumping tests from engineering consultants in the 2000’s (Todd,
2018). The depth of these test wells varied from 98 to 1,500 feet below ground surface (bgs)
(median: 650 ft bgs), and pumping rates varied from 44 to 4,480 gpm (median: 2,500 gpm). The
analysis included the use of water level recovery data from pumping wells and water levels from
observation wells. From these tests, the hydraulic conductivity was estimated and ranges from 3 to
250 feet per day (ft/d; median: 60 ft/d), which is consistent with published ranges for clean,
medium- to coarse-grained sand (Heath, 1983), or for a fine sand to coarse gravel (Schwartz &
Zhang, 2003). These values also fall within the range of the groundwater models that were partially
calibrated with these data (C2VSim; CVHM; Todd, 2018; Todd, 2017) (Figure 2-23).
The Corcoran Clay of the Tulare Formation is most commonly known for its fine-grained beds;
however, lithology does vary from fine (clay and silt) to coarse (sand) texture (Page, 1986; Faunt et
al., 2009). These coarser-grained beds are isolated and principally occur where the Corcoran Clay is
less than 20 feet thick. Faunt et al., (2009) compiled and estimated horizontal hydraulic
conductivities within the range of 0.0024 to 33 ft/d, which is within the range of silt to fine/medium
sand (Figure 2-23) (Heath, 1983). A range of vertical hydraulic conductivity was estimated from
permeameters and field tests between 6.6 x 10-6 ft/d to 1.5 x 10-3 ft/d (Faunt et al., 2009),
representing a potential vertical anisotropy range of 3.6 x 102 to 2.2 x 104. As noted by Faunt et al.,
(2009) laboratory permeameter tests may have underestimated the hydraulic conductivity while
field testing may have overestimated hydraulic conductivity due to potential for intra-borehole flow
across the clay. Additionally, recent inelastic compaction of the Corcoran Clay in areas of
subsidence may have further reduced vertical hydraulic conductivity (Faunt et al., 2009).
Specific Yield and Storage
Storage of an aquifer is primarily described and quantified by the storativity or the volume of water
released from storage per unit surface area of the aquifer per unit decline in hydraulic head (Heath,
1983). It is important to note that while storativity applies to both confined and unconfined systems,
it can be further simplified for these two systems. Storativity accounts for aquifer compression and
water expansion (specific storage components), which are the primary factors for estimating storage
in confined systems; thus, for confined systems, the specific storage or storage coefficient is most
often reported. In contrast, for unconfined systems, the specific yield or effective porosity (gravitydriven dewatering of an aquifer) better represents storativity because aquifer compressibility and
water expansion are somewhat negligible in unconfined systems. For unconfined systems, specific
yield is most often reported, and is a function of porosity and specific retention.
For confined systems, the aquifer compressibility of the storage coefficient can be further defined as
elastic and inelastic skeletal specific storage, where inelastic storage will be lost once compression
and dewatering occur. It is estimated that in the Central Valley, the inelastic specific storage
typically is 30 to several hundred times larger than the elastic skeletal specific storage (Faunt et al.,
2009; Ireland et al., 1984). Where fine-grained deposits with inelastic storage are thick in the
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aquifer system, water released could be a major source of water, but could also result in a
permanent loss in storage capacity of fine-grained sediments.
Specific yield of unconfined zones and the storage coefficient of confined zones within the
Subbasin have been estimated by laboratory testing of sample cores, calculation based on lithology
type, and groundwater model calibration (Dale, 1966; Davis et al., 1959; Davis et al., 1964; Faunt et
al., 2009; DWR, 2013; Todd, 2017 and 2018). A range is presented in Table 2-4 and is within the
range of values published for similar grain sizes and lithology (Heath, 1983; Morris and Johnson,
1967) (generally 0.02-0.40).
General Water Quality of Principal Aquifers
As required in the regulations, this section is a general summary of water quality of the principal
aquifers in the Subbasin. This section does not replace the discussion of water quality issues under
Groundwater Quality Section 2.3.3.
This discussion provides a high-level description of water quality variation in the principal alluvial
aquifer system of the Subbasin, both laterally (from west to east across the Subbasin) and vertically
(shallow–deep within the Subbasin). For local details on water quality for specific areas of an
aquifer, refer to the management area plans.
Total dissolved solids are discussed in this section only for the purpose of comparing and
contrasting different portions of the aquifer system for Subbasin characterization. For details
regarding water quality issues and current groundwater conditions, refer to Section 2.3.3 and
individual management area plans. In general, water quality is higher in TDS in the western third of
the Subbasin than in the rest of the Subbasin. Higher nitrate and other solutes concentrations are
typically present in shallow perched zones and in the unconfined zone above the Corcoran Clay.
Groundwater is progressively fresher and lower in TDS below the Corcoran Clay, toward the center
of the basin, and in the eastern half of the Subbasin. In contrast, arsenic concentrations increase with
depth and in close proximity near portions of the Corcoran Clay. Arsenic and salinity progressively
increase with depth approaching the base of USDW.
Kern County Water Agency Water Supply Reports which end in 2011 presented groundwater
quality maps using data pre-1997. These maps report that unconfined groundwater (typically above
the E-modified Corcoran Clay) in the central portion of the Subbasin generally ranges from less
than 500 to 1,500 ppm for TDS, while the west side unconfined groundwater ranges from 1,000 to
5,000 ppm for TDS. The confined aquifer zone (typically below the E-modified clay) in the central
portion of the Subbasin generally ranges from less than 200 to 500 ppm for TDS, while west side
confined water typically ranges from 1,000 to 4,000 ppm.
The high TDS groundwater in the west side with respect to the east side has recently been reported
in a preliminary groundwater salinity mapping study conducted by the USGS (Metzger and Landon,
2018). Within the Subbasin, the study reported much higher TDS in west side water when compared
with east side groundwater. Metzger and Landon suggest that higher TDS could be related to a
combination of natural conditions (west side sediments derived from marine deposits with some
connate water) and anthropogenic factors such as infiltration from disposal ponds and/or
agricultural drainage ponds. The researchers suggest that groundwater on the east side of the
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Subbasin have the lowest TDS and greatest depths to non-USDWs because they are adjacent to
Sierra Nevada that is a source of low TDS (fresh water Ca-HCO3 type) recharge, whereas, aquifer
zones on the west side of the Subbasin have higher TDS values. The west side aquifer zones likely
receive very little recharge from the Temblor Range which is made up of marine deposits, and west
side aquifer zones such as the west side Tulare Formation likely contain connate water derived from
marine deposits (Wood & Dale, 1964). This higher TDS water (Na/Ca-SO4 type) in west side water
is consistent with historical reports and is documented for more than 60 miles from north to south in
the Subbasin (KCDEH, 1980; KCDEH and KCWA, 1982; Sierra Scientific Services, 2013).
Additional sections of this GSP provided by west side entities, discuss further details on the westside Subbasin aquifer system.
Primary Use of Each Principal Aquifer
The unconfined zone in the eastern portion of the Subbasin and in the Kern Fan, and the confined
zone below the Corcoran Clay are the primary production zones of the Subbasin aquifer system. In
addition, the upper unconfined zone is pumped for beneficial use in the north central and west
central areas of the Subbasin. The primary uses of the Subbasin aquifer system include agricultural,
municipal, domestic, and storage for the banking of surface water.
Summary of Beneficial Uses and Users of Groundwater
Land use in the Subbasin includes agriculture, urban/industrial/residential, and open space use.
According to the 2014 SGMA legislation, beneficial users of groundwater and property interests
potentially affected by the use of groundwater include:
•

Agricultural Users

•

Domestic Users

•

Municipal Well Operators

•

Public water systems

•

Local Land Use Planning Agencies

•

Environmental Users

According to DWR well completion reporting and the CASGEM program, groundwater wells are
constructed for a variety of uses including:
•

Domestic / Residential

•

Irrigation

•

Stock

•

Municipal / Public

•

Monitoring / Observation

•

Industrial

•

Cathodic Protection
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•

Other / Unknown

2.2.1.7

Data Gaps and Uncertainty

The primary data gaps in the hydrogeologic conceptual model include:
•

Physical properties of the westside aquifers and eastside aquifers,

•

Physical properties of the upper zone of the primary aquifer system,

•

Groundwater characterization on the eastern and western flanks of the Subbasin and in the
upper and shallow zones, and

•

Groundwater quality of the primary aquifer zones and confined zones on the eastern and
western flanks of the Subbasin, from wells screened solely in a single aquifer zone.

As improvements to monitoring networks are made, data can be used to fill data gaps in the
Subbasin.
2.2.1.8

Cross Sections

A general summary of regional subsurface information is provided below in the context of cross
sections developed for this plan. Where applicable, detailed discussions of the subsurface are
included in some management area plans of the Subbasin.
Cross sections were developed to illustrate the subsurface conditions of the Subbasin. The locations
of the cross sections discussed below are provided on Figure 2-18. Section A-A’ north of the Kern
River (Figure 2-24a) is northeast-trending and perpendicular to the numerous faults and folds within
the valley. Section B-B’ north of the Kern River (Figure 2-24b) is northwest-trending to be parallel
to the axis of the valley. Geologic and hydrogeologic data were compiled from DWR well logs,
DOGGR well logs, Page (1973), Gillespie et al (2017), California Oil and Gas Fields (DOGGR,
1998), and other regional investigations.
Cross sections spanning the southern and southeastern portions of the Subbasin were developed for
management area plans and are included herein (Figures 2-24c to 2-24g). For a discussion of the
subsurface across the White Wolf Fault, data including a cross section are presented in the White
Wolf Subbasin Technical Report (EKI, 2016), that was a part of the 2016 Basin Boundary
Modification Request.
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Figure 2-24a. Cross Section A-A’ North of River
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Figure 2-24b. Cross Section B-B’ North of River
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Figure 2-24c. Geologic Cross-Section A-A’, Arvin-Edison Water Storage District
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Figure 2-24d. Geologic Cross-Section B-B’, Arvin-Edison Water Storage District
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Figure 2-24e. Geologic Cross-Section C-C’, Arvin-Edison Water Storage District
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Figure 2-24f. Geologic Cross-Section A-A’, Wheeler Ridge-Maricopa Water Storage District
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Figure 2-24g. Geologic Cross-Section G-G’, Wheeler Ridge-Maricopa Water Storage District
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A-A’ North of the River
A-A’ north of the river illustrates the change in hydrogeology from west to east. The westside has a
thin fresh water zone due to a shallow base of fresh water. The geology on the westside is
dominated by marine deposits and the overlying Tulare formation consists of alluvial fan and debris
flow facies primarily from sediments derived from the Coast Range marine deposits. To the east of
the California Aqueduct, the Corcoran Clay of the Tulare includes diatomaceous clay and other
fine-grained deposits associated with basin center facies. Section A-A’ includes seismic form lines
from the PGA (1991) investigation that show general structure of bedding that are consistent with
mapped Buttonwillow and Semitropic folds and the structure of the base of the Tulare. In contrast,
traditionally mapped Corcoran Clay layers which are available through the USGS and DWR
(C2VSIM on Section A-A’), correlate clays that do now follow the general bedding forms observed
in seismic lines. Future investigation may clarify the discrepancies between these interpretations.
The upper zone groundwater elevation is plotted on section A-A’ which is generally considered to
pertain to wells screened above the Corcoran Clay. Section A-A’ displays wells screened in the
upper zone above the Corcoran Clay which is the primary groundwater production zone to the west
of Interstate 5 (I-5). Some groundwater production in the upper zone occurs east of I-5 with wells
screened above the mapped Corcoran Clay and other wells screened across the Corcoran Clay. The
upper zone likely extends further west and east; however, additional data were not available to
continue the correlation.
The main regional groundwater surface is plotted across the basin. The groundwater is generally
confined where wells are below the Corcoran Clay and semiconfined where wells are outside the
extent of the Clay. As described in section 2.2.1.3, Pond-Poso Fault has been documented to affect
groundwater flow. High resolution water level data across the fault, however, were not available for
this cross section.
The central portion of the Subbasin (just west of the Pond-Poso Fault), has a much thicker aquifer
zone with a deeper base of freshwater and thicker deposits of continental sediments (Kern River
formation) derived from the Sierra Nevada where freshwater recharge into the Subbasin
predominates.
Further to the east, wells have been drilled deeper (greater than 2000 feet) in order to extract fresh
groundwater from the Santa Margarita formation and Olcese Sand. Although these aquifers are
separate from the main alluvial aquifer system of the valley by Plio-Miocene Marine Deposits,
some wells are screened across the continental deposits (Kern River formation), extending through
marine and into the Santa Margarita formation and Olcese Sand.
B-B’ North of the River
Section B-B’ from northwest to southeast trends through a portion of the Subbasin with a deep base
of freshwater. Seismic form lines confirm bedding gradually rise to the south onto the Bakersfield
Arch beginning from just north of the City of Shafter southward toward the City of Bakersfield and
the Kern River. The alluvium and Kern River formation become thicker toward the south where the
Kern River has been a major source of the sediment input into the Subbasin.
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South of the River Cross Sections
Cross sections developed for management area plans in the southern portion of the Subbasin are
included herein (Figures 2-24c to 2-24g). These sections present the base of fresh water where it is
deepest in the central southern area of the Subbasin southwest of the City of Arvin. They also
present the White Wolf Fault and Edison Fault which alter groundwater flow. In general, water
wells are screened in the upper 1000 feet of the subsurface across the southern portions of the
Subbasin, in the Kern River Formation and Tulare Formation. In the southeastern portion of the
Subbasin, faulting and folding has created a thinner column of Kern River Formation deposits to the
east of Lamont. The top of the Chanac Formation may be as shallow as 900 feet below ground
surface in T31S-R29E. Consequently, data on the base of fresh water were not readily available for
plotting in the southeastern portion of the Subbasin.
Cross sections across the White Wolf Fault are provided in the White Wolf Subbasin Technical
Report (EKI, 2016). Historical sections document change in groundwater elevations (generally a 50
feet decline) across the fault from south to north. Displacement of beds across the fault increases
with depth. In general, groundwater aquifer thickness is not significantly affected by displacement
across the fault. Additional information is available at the Basin Boundary Modification website:
https://sgma.water.ca.gov/basinmod/basinrequest/preview/34.
2.2.1.9

Mapped Physical Characteristics

Topographic Information
Figure 2-25 presents a basin-wide topographic map of the Subbasin. The rim elevation of the
Subbasin varies from approximately 600 feet msl along the White Wolf Fault on the south to over
2,000 feet in the foothills of the adjacent San Emigdio Mountains. On the east and west sides, the
rim elevations vary between 1,000 and 2,000 feet msl. As such, the topography of the Subbasin
slopes toward the center of the valley on three sides, and the 400-foot contour line generally defines
a long and narrow valley floor, which slopes to the northwest. The lowest land surface elevations
are approximately 210 feet msl and are located along the County line between Highway 43 and
Interstate 5 (18 of 24 miles). Within the Subbasin, prominent topographic features include the Elk
Hills, and the Buttonwillow and Semitropic ridges.
Surficial Geology (Including Location of Geologic Sections)
The surficial geology of the Subbasin has been documented in a variety of previous investigations
and is presented on Figures 2-13, 2-17, and 2-18 (Bartow, 1991; Page, 1986; and CGS, 2010b)
According to the California Geological Survey (2010b), the center of the basin consists mainly of
Pleistocene to recent unconsolidated and semi-consolidated alluvial (Q of Figure 2-17), lake, playa,
and terrace deposits. Older Pleistocene alluvium (Qao) is present in the eastern portion of the basin
on top of Pliocene-Pleistocene deposits (QPc) of sandstone, shale and gravel deposits, including the
Kern River Formation. The QPc unit includes the Tulare Formation and occurs as islands,
surrounded by recent alluvium, within the center of the northern Subbasin along the western side
and within the alluvium. Small remnants of older continental sediments are included along the
southeastern flank of the Subbasin, including undivided
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Figure 2-25. Topographic Features
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Tertiary-age sandstone, shale, conglomerate, breccia, and lake deposits (Tc) and Miocene-age
sandstone, shale, conglomerate, and fanglomerate (Mc) plus smaller remnants of older marine
sediments: Miocene-age sandstone, siltstone, shale, conglomerate, breccia (M). These remnant units
would include the Santa Margarita Formation, Round Mountain Silt, and Olcese Sand.
Bartow (1991) provides a similar map (Figure 2-13) as the California Geological Survey map but
refers to Quaternary alluvial and lacustrine sediments (Qs) on the valley floor and Tertiary
sedimentary rocks (TS) along the flanks and for the islands of older rocks in the valley center. As
discussed further below, the map shows the location of the Bakersfield Arch as well as three
structural regions within the Subbasin.
Page’s (1986) presentation of the surficial geology, as shown by Figure 2-17 better display the
lakebed deposits. Recent river deposits (Qr) associated with the present-day Kern River, are shown
as a long, narrow strip from the mouth of the Kern Canyon, and are comprised of gravel, sand, silt,
and minor amounts of clay. The center of the valley floor is underlain by Recent flood basin (Qb) –
clay, silt, and some sand; and by Pliocene to Recent lacustrine and marsh deposits (QTl) – clay, silt,
and some sand with extensive subsurface clay layers (A, C, E/Corcoran). The former unit is
associated with the original Kern River drainage and flood basin while the latter unit is associated
with the historical Kern Lake Bed, Buena Vista Lake Bed, Goose Lake Beds, and the southern edge
of the Tulare Lake Bed. The remainder of the valley is underlain by Miocene to recent continental
deposits (QTc) – a heterogenous mixture of gravel, sand, silt, and clay with some layers of
conglomerate, sandstone, siltstone, and claystone. Like the other maps, remnants of older
continental deposits are shown along the rim of the Subbasin, primarily the southeastern side,
including Oligocene to Miocene deposits (Tcmo) of gravel, conglomerate, sand, and clay; and
Eocene to Miocene deposits (Tcme) of conglomerate, sandstone, fanglomerate, claystone, and
breccia plus limited occurrences of undifferentiated marine deposits (Tm) of sand, clay, silt,
sandstone, shale, mudstone, and siltstone of Eocene to Pliocene ages.
Soil Characteristics
Soils within the Subbasin have two general origins that are approximately delineated by the trough
of the valley, which also mirror depositional patterns as mapped in surficial geology. The eastern
alluvial fans were deposited primarily by runoff from the Sierra Nevada, Tehachapi, and Transverse
mountain ranges. These soils are of igneous and metamorphic origin; are typically well drained,
very low in salinity, and ideal quality for agriculture. The northwestern alluvial fans originated from
Coast Range sedimentary rock formed on the sea bottom. This northwest region tends to have more
areas with poorly drained soils of relatively marginal quality (Provost & Pritchard, et al., 2015). The
Groundwater Quality Assessment Report (Provost & Pritchard, et al., 2015) describes five areas of
different soil texture in the Subbasin: the clay rim area of fine grained texture near the historical
lake beds, the foothills of medium texture, the Kern Fan region derive from river deposition,
northern areas with some alluvium and other sources, and Wheeler Ridge/Arvin Edison with coarse
soil. These five areas contain the different soil types described below.
Soils in the center of the Subbasin are generally categorized into three types according to texture.
Fine-grained soils are found in the southwest, the historical lake beds, and northwest corners of
Subbasin. Coarse grained soils within the Poso Creek fan, Kern River fan, and Caliente creek fan.
And the moderate infiltration of soils along the distal edges of the fans. The lake bed areas are
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composed of fine-grained soils of the historical Buena Vista and Kern lakebeds, and swamp and
overflow lands, which continue north along the historical drainage paralleling the Goose Slough,
Goose Lake, and southern edge of the Tulare Lake depositional environment. Medium to coarse
grained soils are distributed in the Poso Creek and Kern River drainage beds as well as the proximal
and medial portions of the Kern Fan, and the south boundary of the Subbasin.
Figure 2-26 and 2-27 present the soil distribution within the Subbasin as defined by U.S. Dept. of
Agriculture (USDA), National Resources Conservation Service, Soil Survey Geographical Database
(SSURGO) as obtained from the DWR SGMA Data Viewer website (2018). Figure 2-26 shows that
six soil orders are present in the Subbasin, including Aridisols and Entisols throughout most of the
Subbasin, with Inceptisols along the eastern highland, and much lesser amounts of Alfisoils,
Mollisols, and Vertisols. According to the online Encyclopedia Britannica (EB, 2018), Ardisols are
dry soils characterized by a low humus, light-colored surface horizon with a subsurface
accumulation of soluble salts, silicate clays, and possibly a cemented layer of calcium carbonate,
calcium sulfate (gypsum) or silica. Entisols are characterized by the absence of soil horizons due to
recent deposition or active erosion under extreme wet or dry conditions (EB, 2018). Inceptisols
exhibit a weak appearance of soil horizons overlying a weathering-resistant parent material. Alfisols
are characterized by well-developed soil horizons enriched with aluminum- and iron-bearing
(Al/Fe-) minerals but depleted of calcium carbonate (EB, 2018). Translocated clays typically form a
layer with relatively high amounts of mineral nutrients (calcium, magnesium, sodium, and
potassium). Mollisols are characterized by a thick, dark surface horizon of humus, which typically
originates from native grass vegetation, and mineral nutrients are present in most horizons (EB,
2018). Humus and Al/Fe-bearing minerals do not migrate to subsurface layers. Vertisols are clayrich soils (>30 percent) with significant cracking during the dry season due to the shrink-swell
response of the clay minerals during the dry and wet seasons (EB, 2018). The shrink-swell action
produces significant vertical mixing of the soil.
Figure 2-27 shows the distribution of hydrogeologic soil groups, which is based largely on four
categories of infiltration rates: high, moderate, slow, and very slow. Group A soils have a high
infiltration rate due to well drained sands or gravelly sands. Group B soils are moderately well
drained due to moderately fine to coarse textures. These soils are present on the east, west, and
south sides of the valley floor. Group C soils have a low infiltration rate due to their fine texture or
because of a layer that impedes downward movement of water. These soils are present along the
valley floor, along the eastern highlands, and at various locations along the northwestern side of the
Subbasin. Group D soils have a very slow infiltration rate due to the presence of clay and are
located primarily along the northern Subbasin boundary within the valley floor. More detailed soil
survey data can be found in four USDA reports on various portions of the Subbasin: Soil Survey of
Kern County, California (USDA, 1981, 1988, 2007, and 2009), including recent online updates.
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Figure 2-26. Soils of Kern County Subbasin
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Figure 2-27. Hydrologic Soil Groups
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Natural Recharge, Direct Recharge Areas, and Potential Recharge Areas
Direct recharge and potential recharge areas are differentiated in this section from natural recharge.
Natural recharge occurs by groundwater underflow from adjacent sources, precipitation outgaining
evapotranspiration in a Subbasin, or from natural surface waters flowing into the Subbasin. On the
other hand, direct recharge is either planned or unplanned application of surface water by unlined
conveyance, field application, managed recharge, and spreading operations. This section focuses
mainly on direct recharge and potential recharge to the Subbasin, but briefly discusses natural
recharge to the Subbasin. In-lieu recharge is not discussed in this section because it does not provide
an actual input to the groundwater system for budgeting purposes, but only curtails or reduces the
amount of groundwater that would have been pumped. In-lieu recharge is discussed in other
sections of this GSP. This section may not include all localized recharge activities and facilities, but
these local activities and facilities are further described within the individual management area
plans.
Natural recharge to the Subbasin occurs mainly by underflow or surface recharge from the eastern
and southern highlands (Sierra Nevada and Tehachapi Mountains). The surface water bodies as a
source of recharge are discussed in the next section. In general, natural in-situ recharge by
precipitation is absent in Subbasin, and may only occur in extreme wet years, because typically
evapotranspiration outgains the amount of natural precipitation to the Subbasin (Provost and
Pritchard et. al., 2015). The absence of natural recharge by in-situ precipitation in the Subbasin
further illustrates the lack of recharge to the west side of the Subbasin where it is likely that very
little if any freshwater underflow recharges the west side. In contrast, the east side is dominated by
recharge from the Kern River and the Sierra Nevada.
Significant direct recharge to groundwater in the Subbasin occurs through managed recharge and
water banking (storage) projects; as well as unmanaged recharge through natural waterways,
unlined spill basins and regulating (balancing) reservoirs, percolation of applied water to crops that
descend below the root zone, and unlined canals. Numerous sources of water are recharged by
various projects, including local surface water (Kern River, Poso Creek, and other drainages) and
imported water (State Water Project [SWP] and Central Valley Project [CVP]).
The major areas of direct recharge (facilities and drainages) are presented in Figure 2-28. Additional
areas of unmanaged or managed recharge may include agricultural land where excess irrigation
water percolates below the root zone, wastewater treatment spreading areas, and urban drainage
spreading areas. Additional locations of natural recharge from surface water features may include
springs, seeps, ephemeral/intermittent streams flowing into the Subbasin (Figure 2-29). The surface
water features are described in more detail in the following section.
Since the late 1980s, large-scale groundwater recharge/banking operations have been constructed
along the Kern River. Given the permeable nature of sediments within the Kern River Fan, most of
the enhanced recharge projects involve surface spreading through ponds, low-lying fields, or basins.
Some projects are dedicated to the replenishment of the groundwater basin, while other projects
store surplus SWP and CVP water for subsequent extraction; and some banking projects do both.
(Todd, 2017).
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The Soil Agricultural Groundwater Banking Index (SAGBI), can further estimate groundwater
recharge suitability to quantify recharge of deep percolated applied irrigation water and potential
recharge from future managed recharge within the Subbasin. The California Soil Resource Lab at
University of California Davis has developed an online application
(https://casoilresource.lawr.ucdavis.edu/sagbi/) to present the SAGBI, which estimates groundwater
recharge suitability based on five major factors: deep percolation, root zone residence time,
topography, chemical limitations, and soil surface condition. The application includes mapping
coverage of the SAGBI and indicates a moderately good to excellent rating for the Poso Creek
alluvial fan in the north central Subbasin, the Kern River alluvial fan in the central area, and in
much of the southeastern to southwestern corners of the Subbasin. SAGBI ratings are moderately
poor to very poor along the eastern margin, central western margin, as well as the center of the
valley from the former Kern and Buena Vista lake beds, north along the Goose Neck Slough to the
Tulare Lake Bed. While moderately good to good SAGBI is shown for much of the western margin,
this area is underlain by marine sediments and is not likely to be a useful area for recharge. The
SAGBI ratings generally agree with mapped soil data where higher rated SAGBI soil corresponds
with moderate to high infiltration soils. Note that an abrupt east-west alignment of good versus poor
SAGBI occurs in the southern central Subbasin and is likely due to the methods and results of
historical soil surveys.
Groundwater discharge areas in the Subbasin are limited due to the depth of usable groundwater,
typically greater than 100 feet throughout the Subbasin. Shallow, poor-quality groundwater (above
the A-clay) does occur in the west central and southern areas. These shallow groundwater areas may
support salt-tolerant vegetation. Effects of a shallow water table and evapotranspiration may
discharge poor quality shallow groundwater from these areas to the surface. Historically, flowing
wells were present throughout much of the valley floor (Mendenhall, 1916), including the Buena
Vista and Kern lakes and the area to the north (>180 square mi), and from Buttonwillow north
beyond the county line (>400 square mi). Over 100 flowing wells were identified in 1905 and
reductions in flow were recognized in the following years. According to the USGS groundwater
model (Faunt, 2009), the Kern River is a groundwater discharge area along a nominal 7-mile reach
within Bakersfield, east of Highway 99; however, the City of Bakersfield measures flow at six weirs
along the river across the valley and shows an overall loss of flow (seepage) from the Kern River.
Surface Water Bodies
Figure 2-29 presents the location of surface water bodies in the Subbasin according to the National
Hydrography Dataset. These water bodies include the California Aqueduct (SWP) and federal
Friant-Kern Canal, and other local canals that help convey Kern River water and imported surface
water to beneficial users in the Subbasin. This dataset also includes the Kern River, Poso Creek,
Caliente Creek, and other significant ephemeral streams, spring, and seeps, that are sources of
recharge from the mountains on the east, southeast, and south sides of the Subbasin. The National
Hydrography Dataset also includes wetlands delineations around the Kern Wildlife Refuge. The
refuge is now sustained by imported surface water typically wheeled from the California Aqueduct
and conveyed by the Goose Lake Canal to the refuge (USFS, 2005).
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Figure 2-28. Areas of Direct Recharge
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Figure 2-29. Surface Water Features from National Hydrography Dataset
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The most important source of naturally occurring surface water for the Subbasin is the Kern River,
which has been regulated by the Isabella Dam and Reservoir since 1954. The dam and reservoir are
operated by the U.S. Army Corps of Engineers and the distribution of water is administered by the
Kern River Watermaster. The Kern River is approximately 164 miles long and is fed by rain and
snowmelt from the Southern Sierra Nevada, including Mount Whitney. The last 35 to 40 miles of
river crosses the Subbasin.
Local streams, many of which are ephemeral, provide additional local surface water during the wet
season and during above normal and wet water years. A very small percentage of minor stream
runoff is collected and used for irrigation; the majority of these irregularly occurring flows likely
serve to recharge local groundwater basins (Kennedy and Jenks, 2011).
Source and Point of Delivery for Imported Water Supplies
Imported water is supplied by the Central Valley Project’s (CVP) Friant-Kern Canal and California
Department of Water Resources through the SWP. CVP water from the Friant Division is conveyed
to users in the Subbasin through the Friant-Kern Canal, and SWP water is conveyed through the
California Aqueduct together with CVP water from the Delta Division. Treated produced water is
also used as an imported source of water to the groundwater Subbasin for beneficial use.
Central Valley Project – Friant Division
The CVP Friant-Kern Canal diverts water from Millerton Reservoir, created by Friant Dam on the
San Joaquin River, and extends southward a distance of 152 miles through Fresno, Tulare and Kern
counties to its terminus at the Kern River in Bakersfield. The capacity of Millerton Reservoir is
about 520,000 AF, but 130,000 AF of this storage lies below the intake for the Friant-Kern Canal.
Water districts along the east side of the San Joaquin Valley entered into long-term water supply
contracts with Reclamation, which provide for the delivery of three types of water; Class 1, Class 2,
and Section 215.
Class 1 Water is the supply of water stored in or flowing through Millerton Lake which, subject to
the contingencies described in the Contracts, will be available for delivery from Millerton Lake and
the Friant-Kern and Madera Canals as a dependable water supply during each Contract Year.
Class 2 Water is the supply of water which can be made available subject to the contingencies
described in the Contracts for delivery from Millerton Lake and the Friant-Kern and Madera Canals
in addition to the supply of Class 1 Water. Because of its uncertainty as to availability and time of
occurrence, such water will be undependable in character and will be furnished only if, as, and
when it can be made available as determined by the Contracting Officer.
Section 215 Water is a temporary supply of water, other than Class 1 Water or Class 2 Water,
made available to the Contractors in addition to water provided pursuant to water service contracts,
including water made available that is not subject to acreage limitation pursuant to Section 215 of
the Reclamation Reform Act of October 12, 1982 (96 Stat. 1263), as amended. The historical
allocation priorities for Section 215 Water are as follows:
•

Long-term contractors

•

Cross Valley contractors
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•

Other parties within the Friant Division service area with direct delivery capabilities

•

CVP contractors outside of the Friant Division service area

•

Other parties

Central Valley Project – Delta Division
In 1973, DWR completed the initial facilities of the SWP, including the main line of the California
Aqueduct. Portions of the SWP were constructed for use in conjunction with the facilities of the
CVP. As the state and federal projects developed, a group of water users planned the Cross-Valley
Canal as a means of taking delivery of CVP water conveyed through the California Aqueduct. The
Cross-Valley Canal was completed in 1975 and, in 1976, the water users entered into three-party
contracts with DWR and Reclamation. Under these contracts, CVP water available to Reclamation
in the Delta can be pumped by the SWP’s Harvey O. Banks Pumping Plant into the California
Aqueduct for delivery to the Tupman turnout where this water is diverted into the Cross-Valley
Canal. This federal water, conveyance of which is subordinate to conveyance of SWP water, can
then be delivered to water users in the Subbasin.
State Water Project
The Kern County Water Agency was formed in the 1960s to contract with the DWR for the
importation of SWP water to Kern County. The California Aqueduct, the SWP’s principal
conveyance feature, transports water from the Delta along the west side of the San Joaquin Valley
to the Subbasin. Individual water districts holding contracts with Kern County Water Agency have
turnouts directly from the aqueduct into their service areas or receive water via the Cross-Valley
Canal.
Two types of water are available from the SWP, including relatively firm Table A Water and
surplus Article 21 Water. Table A Water takes its name from an exhibit to the contract between the
DWR and the SWP contracting agencies that serves as the basis for allocating water among the
agencies.
While the reliability of SWP water is less than was anticipated when the contracts were executed, a
contract amendment, introduced in the Monterey Agreement of 1994, put agricultural and urban
contractors on equal footing respecting the allocation of water supply during shortages. Prior to the
amendment, agricultural contractors were burdened with a larger share of any shortages.
Article 21 Water, unlike Table A water, cannot be scheduled; rather, it must be taken at the time it
is declared to be available and is analogous to Section 215 Water for the CVP-Friant contractors.
The following conditions govern the availability of Article 21 Water:
•

Available only when deliveries do not interfere with Table A allocations and SWP
operations

•

Available only when excess water is available in the Delta

•

Available only when conveyance capacity is not being used for SWP purposes or scheduled
SWP deliveries

•

Cannot be stored within the SWP system. In other words, the contractors must be able to use
the Article 21 water directly or store it in their own system
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Due to these conditions, Article 21 Water is only available during the wet months of the year,
typically December through March.
Produced Water
Water brought to the surface when oil is extracted is often referred to as “produced water.”
Produced water is groundwater that is commingled with hydrocarbons and located within the
hydrocarbon bearing reservoir. Produced water is generated as oil is extracted for use. Often,
produced water is returned to the original geological formation for enhanced oil recovery or
disposal. Some produced water is suitable for beneficial use with treatment, though most is higher
in salinity and must undergo extensive treatment and be blended with other water before use. New
technology and the need to find new sources of water are driving the ability to process and treat
produced water for beneficial use.

2.3

Groundwater Conditions

Annual groundwater elevation contour maps covering much of the Subbasin have historically been
prepared by Kern County Water Agency in Water Supply Reports since before the 1990s until
2012. These maps provide seasonal high groundwater level conditions from spring water level data,
and generally depict groundwater flow conditions over time consistent with flow directions
observed in 2015. Groundwater conditions are also monitored through a number of local and joint
district activities, as well as state mandated programs, such as CASGEM.
2.3.1 Groundwater Trends
Based on historical groundwater trends from USGS and the Kern County Water Agency (Page,
1986; and KCWA), groundwater flows into the Subbasin mostly from the uplands along the south
and east margins of the Subbasin. Below is a generalized diagram depicting groundwater flow into
the Subbasin (Figure 2-30). In the absence of pumping or significant barriers, groundwater naturally
flows from high elevation points of recharge to lower elevation points with less recharge. In
general, groundwater flow diverges to the north and south away from natural and managed recharge
points along the Kern River. The river flows into Subbasin roughly along the axis of the Bakersfield
Arch, which has a broad topographical rise that gradually dips to the north and south; thus, the
rough alignment of the river effectively splits the Subbasin into northern and southern groundwater
flow regimes. Groundwater to the south of the river flows toward discharge points at pumping wells
within the south-central areas of the Subbasin, and groundwater to the north of the river migrates
toward the northwest discharge points at pumping wells and continues north until it leaves the
Subbasin as subsurface underflow. Figure 2-30 presents the approximate location of the San
Joaquin Valley (Buttonwillow) Syncline which likely affects the flow of westside groundwater from
significantly impacting the main production zone of the Subbasin. In general, groundwater elevation
trends near the river may be highly variable due to high volumes of managed groundwater recharge
and extractions associated with groundwater banking projects. Groundwater elevation patterns
further away from banking operations show more seasonal responses from pumping and recharge,
and, an overall, long-term decline in groundwater level in the majority of the Subbasin.

116

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-30. Generalized Diagram of Groundwater Flow in Kern County Subbasin

2.3.1.1

Elevation and Flow Directions

Groundwater elevation contour maps were prepared for Spring 2015 to provide relatively current
groundwater flow trends across the Subbasin since the inception of SGMA. Contours were prepared
for Spring 2015 (seasonal high) in the primary aquifer zone or “main production zone” which is
generally confined below the E-clay or Corcoran and unconfined to semiconfined outside the extent
of the E-clay (Figure 2-31). Contours for the “Upper Zone” by Schmidt and Associates (2018) are
presented on Figure 2-32 for Spring 2015 data. They represent the upper unconfined to
semiconfined zone (above the E-clay or equivalent) underlying the northwest-central part of the
Subbasin. A Fall 2015 contour map was also developed to represent seasonal low groundwater
conditions in the primary aquifer zone (Figure 2-33). At this time, there is insufficient data to
contour a fall 2015 upper zone map. In addition, to production zones, depth contours developed by
the Kern County Water Agency (2012) for the shallow unconfined zone (above the A-clay or
equivalent) are presented on Figure 2-34.
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Figure 2-31. Spring 2015 Regional Groundwater Elevations
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Figure 2-32. Spring 2015 Upper Zone Groundwater Elevations
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Figure 2-33. Fall 2015 Regional Groundwater Elevations
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Figure 2-34. Summer 2011 Upper Zone Groundwater Elevations
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These contours were developed from Summer 2011 and are generally representative of 2015
conditions. In general, shallow elevations are fairly constant over time.
Regional Contours
In general, groundwater flow directions reported are consistent with historical trends, with
groundwater flowing from the uplands on the south, east, and west of the Subbasin toward the
center of the Subbasin. Groundwater tends to diverge at the Kern River with flow to the south of the
river toward pumping well discharge points, and flow to the northwest of the river toward pumping
wells, and further north until it leaves the Subbasin. Based on 2015 groundwater elevations, the
divergence to the North and to the South along the river is less notable due to the drought conditions
which resulted in greater groundwater use with very little recharge during 2013 to 2015.
Depressions in the groundwater potentiometric do occur south of the river; however, a general trend
of flow toward the north and center “trough” of the Subbasin is apparent.
Groundwater elevations during Spring 2015 in the main production zone of the aquifer system
ranged from less than minus 100 ft msl in the north-central part of the Subbasin to greater than 300
ft msl in the eastern and southeastern part of the Subbasin.
Groundwater elevation data for the Fall 2015 were limited in availability due to the high demand for
pumping; therefore, the data range is incomplete, it may be affected by pumping, and it represents
only a partial dataset; however, general groundwater flow trends are consistent with historical
trends. Groundwater elevation data for the Fall 2015 in the main production zone of the aquifer
system ranged from less than minus 150 ft msl (north-central Subbasin) to greater than 250 ft msl
(south-southeast Subbasin). Contours in the upper unconfined zone of north-central Subbasin and
shallow zone of Subbasin were not prepared for Fall 2015 due to a lack of sufficient data.
Upper Zone Contours
Groundwater elevations during Spring 2015 in the upper zone of the north central part of the
Subbasin ranged from 220 ft msl to 160 ft msl. Within Townships 27S and the northern half of 28S,
groundwater in the Upper Zone flows northeasterly. Within the southern half of Township 28S and
29S, groundwater flows southeasterly. Some of this flow may be affected by the Buttonwillow
Syncline and Buttonwillow Ridge (anticline). As observed in Cross Section A-A’ of North of the
River (Figure 2-24A), beds from this groundwater aquifer system are deformed (folded).
Shallow Depth Contours
Groundwater depths in the shallow zone historically range from approximately 20 to 25 ft bgs to
less than 5 ft bgs (ranging from 200 ft msl to 245 ft msl). Representative contour maps were chosen
from the Kern County Water Agency’s 2011 Water Supply Report (KCWA, 2012) (Figure 2-34),
because more recent data from 2011 to 2015 are limited in extent; nonetheless, the recent data agree
with DWR published maps of shallow perched groundwater in the San Joaquin Valley (DWR,
2009), and with the Kern County Water Agency’s historical water supply reports. Shallow
groundwater is not significantly impacted by groundwater pumping in the production zone, as
observed by the relatively consistent shallow groundwater depths and extents in historical water
supply reports from the Kern County Water Agency and DWR across multiple water year types.
The source of shallow groundwater as mapped by the Kern County Water Agency, is derived from

122

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

the percolation of applied irrigation water, as well as historical natural percolation during large
storm events. The extent of shallow groundwater, which is typically perched on shallow finegrained sedimentary units and likely disconnected from the productive aquifer system, is relatively
consistent with Page’s (1986) extent of mapped surficial fine-grained flood deposits (Figure 2-17
and shallow clay units related to the “A” Clay of the Corcoran Clay (KCWA, 1976). During the mid
to late 1980’s, sufficient data were collected for the Kern County Water Agency’s water supply
report to show that, at times, the perched shallow groundwater units to the north of the river and to
the south of the river have been joined at the northwest of the Kern River Fan, generally following
the extent of flood plain deposits as mapped by Page (1986).
While shallow groundwater data is collected in certain regions of the Subbasin, the current data
collection effort does not provide sufficient data to understand the interconnection between the
lower production aquifer and the shallow purged groundwater system that existing in portions of the
basin. This data gap will be addressed in projects and management actions identified in individual
management area plans.
Horizontal Gradients
The following is a summary of general regional groundwater flow direction and general regional
horizontal gradients based on the contour maps presented herein. For more detailed trends, refer to
management area plans.
Groundwater in Spring 2015 for the main production zone (confined below the E-clay and semiconfined outside of the clay) in the east-northeast flows southwesterly at a gradient of 0.011 ft/ft. In
the north-central area, groundwater flows northwesterly at a gradient of 0.002 ft/ft. In the central
area of the Subbasin near the Kern River and banking activities, groundwater flows north to
northwesterly at a gradient of 0.002 to 0.004 ft/ft. In the southeast, groundwater flows southwesterly
at a gradient of 0.025 ft/ft. In the south, groundwater flows northwesterly to southeasterly at
gradients of 0.004-0.012 ft/ft and 0.004 ft/ft respectively. In the southwest, groundwater flows
northeasterly at a gradient of 0.001 ft/ft. Groundwater in the Bakersfield area flows away from the
river from 0.005 to 0.011 ft/ft in a southeasterly to northwesterly gradient.
Groundwater in Fall 2015 for the main production zone (confined below the E-clay and semiconfined outside of the clay) in the east-northeast flows west to southwesterly at a gradient of 0.015
ft/ft. In the north-central area, groundwater flows northwesterly at a gradient of 0.002 ft/ft. In the
central area of the Subbasin near the Kern River groundwater flows toward the banking activities
northeasterly and southwesterly at gradients of 0.006 ft/ft and 0.003 ft/ft respectively. In the
southeast, groundwater flows southwesterly at a gradient of 0.016 ft/ft. In the south, groundwater
flows northwesterly to southeasterly at gradients of 0.007 ft/ft and 0.008 ft/ft respectively. In the
southwest, groundwater flows northwesterly at a gradient of 0.005 ft/ft.
Groundwater in Spring 2015 for the upper unconfined zone (unconfined above the E-clay) in the
north half of Township 28S and 27S flows northeasterly at a gradient of 0.002 ft/ft. In the south half
of T28S and T29S, groundwater flows southeasterly at a gradient of 0.003 ft/ft. In the far north
mapped area of the upper unconfined zone, groundwater flows at a gradient of 0.001 ft/ft
northwesterly and 0.004 ft/ft westerly.
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2.3.1.2

Hydrographs and Vertical Gradients

Hydrographs presenting change in groundwater elevation over time and vertical groundwater
gradients for specific areas of the Subbasin are provided in the chapters herein for local
management areas. In general, hydrographs presented in the management area plans indicate that
groundwater elevations decline during below normal water years (as defined by the water year
index), and groundwater elevations begin recovering during above normal water years. Additional
information can be found Section 2.4, Water Budget Information.
2.3.2 Seawater Intrusion
The Subbasin is located in the Central Valley, more than 40 miles from the Pacific Ocean. Seawater
intrusion will not affect the Subbasin.
2.3.3 Groundwater Quality
To characterize groundwater quality in the Subbasin, a literature review was conducted using USGS
studies and other technical reports, as well as data extracted from GeoTracker and EnviroStor to
identify contaminant plumes. The SWRCB’s Human Right to Water portal was used to identify
contaminants that are commonly violating drinking water standards and an evaluation of the
groundwater water quality was conducted using data from local Water Districts and the State
Drinking Water Information System (SDWIS), which collects sample results from all State
regulated public water systems. This section of the report provides a brief introduction to the
contaminants most commonly found in the Subbasin. A more focused evaluation of the
groundwater is provided in the management area plans for each member agency that comprises the
KGA.
Characterization of groundwater quality was conducted to comply with (California Code of
Regulations – Title 23 – Waters; Subarticle 2 §354.16(d) – Groundwater Conditions: groundwater
quality issues that may affect the supply and beneficial uses of groundwater, including a description
and map of the location of known groundwater contamination sites and plumes. Constituents
evaluated and the methodology used were consistent with guidance provided in:
•

Assembly Bill 1249 (AB 1249) which states that “if the IRWM region has areas of nitrate,
arsenic, perchlorate, or hexavalent chromium contamination, the (IRWM) Plan must include
a description of location, extent, and impacts of the contamination; actions undertaken to
address the contamination, and a description of any additional actions needed to address the
contamination” (Water Code §10541.(e)(14)).

•

Division of Drinking Water’s (DDW) Human Right to Water (HR2W) portal, which
identifies the contaminants that public water systems have received maximum contaminant
level (MCL) violations. Commonly found contaminants were trended and occurrence data
was evaluated.

•

Water Quality Control Plan for Tulare Lake Basin (Basin Plan), dated May 2018, which is
the State Board’s implementation plan for Water Code §106.3. The amended Basin Plan
requires permittees to “address the immediate needs of those drinking groundwater that
exceeds the drinking water standard for nitrate.”
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Incorporating guidance from these sources was intended to incorporate the major constituents of
concern and characterize groundwater in a manner that is consistent with current water quality
focused programs. Of the regulated drinking water constituents considered, the most common water
quality issues within the Subbasin are: nitrate, arsenic, boron, hexavalent chromium,
dibromochloropropane (DBCP), 1,2,3-trichloropropane (TCP), total dissolved solids (TDS),
sodium, and chloride. This water quality discussion is divided by constituent to explain the drinking
water and agricultural standards and how these constituents’ impact beneficial uses in the different
regions of the Subbasin. Since the predominant land use in the Subbasin is for agricultural purposes,
agricultural Water Quality Goals (as established by Ayers and Westcott) are referenced for
evaluation of groundwater salinity (SWRCB, 2016a). The most applicable standard, Drinking Water
Standard or agricultural goals will be used as a reference point when discussing each constituent.
Maps created to show constituent prevalence were developed using data extracted from the
Groundwater Ambient Monitoring and Assessment (GAMA) Groundwater Information System.
Only wells from the Public Water System dataset were used because they provide more consistent
results since compliance monitoring frequency is regulated by DDW. To depict the highest
contaminant values, the maximum concentrations were plotted, rather than average concentrations,
from each public water system spanning a 10-year timeframe (2009-2019). These maps are intended
to provide a general overview of constituent prevalence and concentrations. They should not be
interpreted as indicating contamination throughout the region because constituent concentrations
typically vary depending on well construction and local hydrogeologic conditions. More detailed
analysis of water quality trends is discussed in the individual management area plans.
2.3.3.1

Arsenic

Arsenic has a primary drinking water MCL of 10 parts per billion (ppb) and an agricultural goal of
100 ppb. Reports published by the Department of Pesticide Regulation and USGS studies and the
hydrogeology of the Subbasin indicate that the major source of arsenic in this Subbasin is naturally
occurring from erosion of natural deposits. Throughout the southern San Joaquin Valley, arsenicrich minerals such as arsenopyrite, a common constituent of shales and apatite, and phosphorites are
the most common sources of arsenic leaching materials in the aquifer (Burton et al, 2012). In the
Subbasin, these minerals are mostly found in lake bed deposits or the Corcoran Clay. USGS reports
that most of the highest arsenic detections are near the City of Delano and at the southwest extents
of the Kern Fan, near the City of Bakersfield.
Since arsenic is mostly derived from natural geochemical processes, elevated concentrations are
localized and appear to be associated with lake bed areas where there are thick clay deposits: Tulare
Lake, Kern Lake, and Buena Vista Lake (Bulletin 118, DWR). In the Subbasin, consistently high
concentrations generally concentrate in the center of the valley along the north margin of Buena
Vista lake bed. Data trending indicates that its predominately found in wells constructed deeper than
1,000 feet below ground surface (bgs). Trending of the public water system wells in the Kern Fan
indicates elevated arsenic is consistently found in wells constructed deeper than 650 feet bgs, and
when groundwater elevations decline. A study conducted by USGS reports that arsenic is the trace
element most frequently present at high concentrations in the Subbasin. Concentrations found in
nearly 1,400 samples ranged from 10 to 30 ppb (Burton et al, 2012).
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Severe drought conditions from 2012 through 2016 resulted in groundwater levels significantly
declining throughout Kern County; subsequently, wells located in the Kern Fan are showing higher
concentrations of arsenic from the deeper aquifers into the pumping zone due to the proportion of
water from the deeper screened intervals increasing. Consequently, higher concentrations of arsenic
have been observed in municipal wells. As groundwater levels temporarily recovered in 2017, there
was a noticeable correlation to lower arsenic concentrations.
Findings from a study conducted by Negrini et. al (2008) explain that the thickest part of the
coarsening-upward unit in the Kern Fan is in the same region as the wells with elevated arsenic
concentrations. The study identified a large-scale sedimentary sequence (a specific geologic
sequence) that was primarily prevalent in most of the wells in this study area. This sequence unit
consists mostly of uniformly fine-grained silts and clays and the unit abruptly thickens basin-wide.
The thickest part of this unit was found to have groundwater arsenic concentrations above 50 ppb.
Depth interval containing sediments from this unit generally coincide with intervals having elevated
arsenic concentrations. It was also found that at the same depth interval, arsenic is in an easily
exchangeable state in the bulk sediment where oxidizing geochemical conditions dissolve the pyrite
and release arsenic into the groundwater.
In addition to the lake bed areas, there is common arsenic detections associated with the Corcoran
Clay. Mineral deposits transported by rivers into the San Joaquin Valley, from the Sierra Nevada
and the coastal mountain ranges, became enriched with arsenic mineral deposits then adsorbed on
the clay surfaces that were buried over time. When the oxygen deprived mineral deposits come into
contact with oxygenated water, the result is dissolution of arsenic within the clay pore and into the
groundwater. These deposits typically begin at depths greater than 180 feet bgs. Occurrence of
arsenic in groundwater and any associations to the Corcoran Clay are addressed at the management
area plans water quality sections.
2.3.3.2

Nitrate

Nitrate as nitrogen has an acute drinking water MCL of 10 parts per million (ppm); there is no
agricultural goal. Sources of nitrate contamination in groundwater are runoff and leaching from
fertilizer use; leaching from septic systems and sewage; confined animal facilities; and very small
concentrations from erosion of natural deposits. Typically wells in the San Joaquin Valley have
higher nitrate concentrations in the shallower zones. However, higher nitrate concentrations can
also occur in deep wells, depending on source concentrations, lithology, and well construction.
Dubrovsky et al (2010) considers background nitrate concentrations above 1 ppm to indicate human
activity.
Although the agricultural industry is believed to be a primary contributor to nitrate contamination of
the groundwater basins in the Central Valley, based on mass loading calculations, irrigation
practices in this Subbasin have been improved to reduce nitrate leaching into groundwater. In a
study conducted for the Kern River Watershed Coalition Authority (KRWCA, 2013), it is
acknowledged that nitrate leaching from agricultural irrigation is not like other basins to the north
because irrigation practices are more efficient here, which reduced nitrate leaching into the
groundwater. This assessment is supported by a comparison of the Nitrate Hazard Index results
from 1990 and 2012, which shows a significant reduction in nitrate risk to groundwater.
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KRWCA is leading the Irrigated Lands Regulatory Program (ILRP) for the Subbasin and have
provided results from the initial groundwater sampling that took place in fall of 2018 (KRWCA,
2019). Their groundwater trend monitoring program requires nitrate sampling of first encounter
groundwater during spring and fall each year. Trends are not ascertained yet since fall of 2018 was
the first year of monitoring and these are the only results that are publicly available. Of the 26
representative wells sampled (14 domestic and 12 irrigation), nitrate results ranged from 1.1 to 21
parts per million (ppm) with a median value of 9.9 ppm. Nine of the wells sampled exceed 10 ppm:
of these, seven wells are domestic and two are used for irrigation. Nitrate concentrations of these
wells is included in Figure 2-35, although they are not specifically labeled as first encounter
groundwater wells.
In addition to studies evaluating agricultural impacts of nitrate contamination, studies investigating
the correlation of other potential nitrate sources were also reviewed. Dubrovsky et al (2010) finds
that domestic wells located in agricultural areas are not only influenced by irrigation practices
and/or livestock as a potential nitrate source, but also from septic systems. A USGS study (Burton
et al, 2012) was conducted in the Southeast San Joaquin Valley and the Kern County Subbasin. This
study used statistical analysis of land uses, well construction data, water quality parameters and
number of septic systems around each study well to determine that land uses fairly represent nitrate
sources impacting the well. Some of the data obtained for the Burton et. al, (2012) study were from
the State Water Board’s GAMA Domestic Well Project, where wells were sampled in 2006
(Shelton, 2006). The Project analyzed 29 of the 181 domestic study wells in the Kaweah Subbasin
study area, for stable isotopes of nitrogen and oxygen. Wells with higher nitrate concentrations
(median of 5 ppm and mean of 11 ppm) were targeted for this study. Testing showed that 28 of the
29 impacted wells have nitrate characteristics consistent with a dairy manure or septic system
source. Septic systems elevate groundwater nitrate concentrations since they only remove half of
the nitrogen in the wastewater, leaving the remaining half to percolate to groundwater (McCalasand,
2019). One of the 29 wells showed an isotopic composition indicative of a synthetic fertilizer.
While the isotopic composition of nitrate varies with land use, it is consistent between nitrate source
(soil, fertilizer, manure, septic or community wastewater). Private well sampling for stable isotopes
of nitrate was not conducted in the Kern County Subbasin.
Kern County Environmental Health Department (EHD) updated their program and ordinance with
the development of the County’s Local Agency Management Program (LAMP) to comply with the
State Water Board’s policy on septic systems (SWRCB, 2012). This was adopted to allow local
agencies to continue use of septic systems, while protecting water quality and public health. An
analysis was conducted to estimate baseline septic systems in Kern County. Four basic elements
used in their analysis were parcel development status; general soil/septic systems suitability
mapping; hydrologic areas; and groundwater basins. Since it was assumed that incorporated areas
have municipal sewer systems that either serve or are available to these parcels, only non-sewerage
unincorporated areas of the County were included in the analysis. This study revealed that
approximately 30 percent of developed parcels within the Subbasin rely on septic systems. KGA is
working with Kern County to document the location of these septic systems. A partial list of system
recently inspected was provided and is shown in Figure 2-35.
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Prior to the State’s policy, EHD has been collecting water quality data on newly drilled wells to
gain an understanding of groundwater quality. Initial assessment showed about eight percent of the
wells tested are above the nitrate MCL; data from 1998 through 2019 are included in Figure 2-35.
While there is currently a data gap, it is anticipated that continued work with Kern County and
through the implementation of their LAMP that the domestic well water quality data and location of
septic systems will be available to KGA. Although not all septic system location data is available at
the time of this evaluation, it is noted areas with septic systems and domestic wells, generally show
elevated nitrate concentrations.
Studies conducted by UC Davis, Center for Watershed Sciences have evaluated nitrate sources in
the Tulare Lake Basin and documented that on a regional scale, groundwater nitrogen loading from
sewer collection system leaks and septic systems is negligible compared to fertilizers. However,
when looking at a local level, septic systems can be a significant source of nitrate contamination to
domestic wells in peri-urban areas surrounding cities, or in areas of relatively high rural household
density (Viers et. al, 2012). Findings also indicate that disadvantaged communities with water
quality issues are in these same areas. Septic systems are considered low-hanging fruit (Dzurella et
al, 2012), but is an important issue to address due to its impact to localized drinking water sources.
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Figure 2-35. Nitrate Concentrations and Septic Systems
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Data gaps often identified in these studies include lack of localized data such as location of septic
systems, proximity of domestic wells to septic systems, and water quality of unregulated domestic
wells. Reports such as Viers et al, (2012) and the initial assessment for the LAMP report have
acknowledged these data gaps. To better assess nitrate sources, future monitoring programs should
be geared towards better data collection methods to conduct a more comprehensive evaluation on
septic system impacts to groundwater. Additionally, nitrate issues need to be evaluated on a local
level rather than regional approach, especially when looking at the impacts to human health and
consumption of water from unregulated domestic wells.
2.3.3.3

Boron

There is no federal or state MCL for boron. However, California does have a Notification Level of
1,000 ppb, and there is an agricultural goal of 700 ppb. The agricultural goal is set to protect various
agricultural uses of water, including irrigation of various types of crops and stock watering. These
levels are used as a baseline to compare against and are not intended to represent an acceptable
maximum value for the Subbasin. Since most of the land use in the Subbasin is irrigated lands, the
agricultural goal for boron is used as a reference point, rather than the drinking water Notification
Level. The most prevalent sources of boron in drinking water are from leaching of rocks and soils,
wastewater, and fertilizer/pesticides applications.
According to the USGS Scientific Investigations Report 2011-5218 (Burton et al, 2012) boron is
most commonly found in the southern part of the Subbasin near the Tehachapi Mountains. Even
though the USGS study for boron was limited to the southern part of the Subbasin, it was concluded
that elevated concentrations of boron may be naturally occurring. Boron is potentially associated
with sediments in the aquifer derived from marine deposits that are naturally high in boron from the
Coast Ranges and San Emigdio Mountains. Saline waters have also been found to contain relatively
high concentrations of boron, groundwater that underlies the freshwater aquifer could contribute
high boron concentrations in deep wells.
2.3.3.4

Hexavalent Chromium

There is no federal MCL for hexavalent chromium. In July 2014, California adopted a primary
MCL of 10 ppb, which was invalidated as of September 2017. While DDW is repeating the
regulatory process for adopting a new MCL, the federal MCL of 50 ppb for total chromium applies.
There is no agricultural goal for hexavalent chromium.
Hexavalent chromium can come from anthropogenic and natural sources. Anthropogenic sources
include discharges of dye and paint pigments, wood preservatives, chrome-plating liquid wastes,
and leaching from hazardous waste sites into the environment. Naturally occurring chromium is a
metal found in ore deposits containing other elements, mostly as chrome-iron ore. Chromium is also
prevalent in soil and plants: the phenomenon of releasing chromium into groundwater is believed to
be similar geochemical processes to arsenic. Generally, natural chromium in the environment
occurs as trivalent chromium (Cr3) then is oxidized to a hexavalent state (Cr6+). This typically
occurs in oxidizing conditions such as alkaline pH range (between 8 and 14 units) or in the presence
of manganese dioxide; in these conditions, naturally occurring hexavalent chromium is likely to
exist.
132

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

The presence of manganese oxide minerals within ultramafic and serpentinite derived soils and/or
sediments can trigger the oxidation of chromium, leading to the presence of naturally occurring
hexavalent chromium in the aquifers (SWRCB, 2017; Groundwater Information Sheet 2017). While
studies have not been conducted on the types of soils and sediments in the Subbasin where
hexavalent chromium is present, the relatively low concentrations (typically in the range of 5 – 13
ppb) indicate the source is naturally occurring (GAMA). Additionally, GeoTracker and EnviroStor
databases were searched for open contamination cleanup sites and do not identify any point source
contamination in the Subbasin.
2.3.3.5

Synthetic Organic Chemicals

Synthetic organic chemicals predominately found in the Subbasin are dibromo-3-chloropropane
(DBCP) and 1,2,3-trichloropropane (TCP). Both chemicals have very low drinking water MCLs.
There are no agricultural goals. DBCP has a primary MCL of 0.2 ppb; sources of contamination are
a banned nematicide that is still present in soils and groundwater due to runoff or leaching from
former use on soybeans, cotton, vineyards, tomatoes, and tree fruit. Since its use was banned in
1977, groundwater contaminant concentrations in municipal wells have shown either steady or
decreasing trends. In 2008 the Department of Public Health (transferred to State Water Board as
DDW in July 2014) estimated the median half-life of DBCP in the Central Valley is 20 years. This
is consistent with the public well data that has been evaluated for this Subbasin.
TCP has a primary MCL of 5 parts per trillion (ppt), which became effective in January 2018 and
requires all active drinking water sources are tested at least quarterly during 2018. Since the MCL is
set at the detection limit, any well with a detection is identified as exceeding the standard.
According to the Water Boards Q1 Report, there is a clear correlation between the location of the of
drinking water sources contaminated with TCP and agricultural activities (State Water Resources
Control Board, TCP Sampling in Q1 2018).
In the past, TCP was present as an impurity in certain soil fumigants (1,3-D soil fumigants) used to
kill nematodes. TCP also has some limited industrial uses. Throughout the Central Valley, most of
the TCP found in groundwater was introduced through agricultural application of soil fumigants
sold under the trade names of D-D and Telone. In the mid-1970s, Telone was reformulated and the
name changed to Telone II. D-D was discontinued in 1984. Telone II remains on the market today
but no longer contains TCP. Because TCP was an impurity in these soil fumigants, the potential
groundwater contamination was not disclosed to distributors or users, by the product manufacturers.
Application rates were not tracked, making it difficult to determine where groundwater
contamination is likely to occur. TCP is a highly stable compound, meaning that it is resistant to
degradation and has a half-life of hundreds of years (Samin et. al. 2012).
Many large public water systems (serving more than 10,000 population) began sampling their wells
for TCP using a low-level analytical method around 2003, as a requirement of the Unregulated
Chemical Monitoring Rule. From this data, DDW determined that the most impacted counties are
Kern, Fresno, Tulare, Merced, and Los Angeles. Since a primary MCL was adopted, all water
systems were required to test their wells quarterly beginning January 2018. Occurrence data from
the State Water Board’s DDW shows 94 of California’s public water systems have 562 TCP
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impacted wells (DDW, June 2016). In Kern County, 18 water systems have 124 impacted wells, or
approximately 52 percent of their total wells (State Water Board, June 2016).
Figure 2-36 provides a graphical representation of TCP concentrations for the public water system
wells within the Subbasin (data extracted on April 29, 2019). To simplify the figure, only the
maximum concentrations from January 2018 to April 2019 are shown. Results from the initial
compliance monitoring indicates that increased testing requirements directly increased the
prevalence of TCP impacted wells in the Subbasin.
the maximum concentrations from January 2018 to April 2019 are shown. Results from the initial
compliance monitoring indicates that increased testing requirements directly increased the
prevalence of TCP impacted wells in the Subbasin.
2.3.3.6

Total Dissolved Solids (TDS), Sodium and Chloride

Based on drinking water standards, the recommended secondary maximum contaminant level
(SMCL) of total dissolved solids is 500 parts per million with an upper limit of 1,000 ppm and
chloride is 250 ppm with an upper limit of 500 ppm. There is no drinking water standard for
sodium; however, Water Quality Goals for Agriculture, published by the Food and Agriculture
Organization of the United Nations in 1985, has set agricultural goals for TDS, sodium, and
chloride at 450 ppm, 69 ppm, and 106 ppm, respectively. The criteria identified are protective of
various agricultural uses of water, including irrigation of various types of crops and stock watering.
These levels are used as a baseline to compare against and are not intended to represent an
acceptable maximum value for the Subbasin. Since a majority of the land use in the Subbasin is
irrigated lands, the agricultural goals for TDS, sodium, and chloride are used for this portion of the
water quality evaluation.
The Burton et. al (2012) report states that in general the higher concentrations of TDS may be
affected by sediments from the Tehachapi and San Emigdio Mountains and the Coast Ranges which
contain marine deposits. Report findings showed positive correlations between agricultural land use
and TDS levels but concluded that higher concentrations of TDS in the Subbasin may primarily be
from natural sources as well as human activities. The same findings were true for chloride
concentrations.
In a preliminary groundwater salinity mapping study conducted by USGS Scientific Investigations
(Report 2018-5082, Metzger and Landon, 2018), groundwater salinity related to the distribution of
31 oil fields and adjacent aquifers was mapped across major oil-producing areas of central and
southern California. The objective of this mapping study was to define groundwater with TDS
concentrations less than 10,000 ppm using data from petroleum and groundwater wells, and to
document data gaps. The study concluded that there is no hydrogeological connection between oil
wells and water wells in the mapped regions. This conclusion is based on salinity mapping and well
construction: the top perforation of the oil wells is deeper than the bottom perforation of water
wells, except for oil fields in the north eastern part of Kern County. Well perforations in the north
eastern part showed little to no vertical separation. Additionally, the study found that the west side
of the San Joaquin Valley (in in Kern County) generally has the highest TDS levels at the
shallowest depths.
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Salinity defined in the chapters of this report are sometimes general, referring to TDS levels, or may
be more specific to address the ions of concern based on predominant land uses. TDS is comprised
of several dissolved minerals (calcium, phosphates, nitrates, sodium, potassium, and chloride), most
of which have minimal impact on beneficial uses of the groundwater. Throughout the Subbasin,
sources of salinity identified include a combination of naturally occurring marine deposits;
infiltration from produced water disposal ponds; perched water subject to evaporative pumping; or
agricultural drainage ponds.
Sodium and chloride ions contribute to TDS and in this region are more important to evaluate due to
its impact to the agricultural industry. Both sodium and chloride show similar trends in the wells
evaluated; therefore, some sections of the water quality evaluation collectively refer to these ions as
salinity. There is slightly more focus on sodium since it is an important measurement to crop yield.
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Figure 2-36. Maximum TCP Concentrations from Public Supply Wells from Jan. 2018- Apr. 2019
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2.3.3.7

Groundwater Contaminant Sites

An evaluation of documented groundwater contaminant sites in the Subbasin were identified
through the GAMA Groundwater Information System. GAMA contains information from other
programs and databases, such as SWRCB – GeoTracker and Department of Toxic Substances
(DTSC) – EnviroStor databases. The data included in this basin setting is in response to the
emergency regulations § 354.16(d), that requests within the GSP, “a description and map of the
location of known groundwater contamination sites and plumes.” However, it is not the intent of
this section to evaluate or confirm whether any of these sites as listed by regulatory agencies are
impacting groundwater with beneficial use. Furthermore, this GSP cannot guarantee the accuracy of
the data acquired from these regulatory sources. This section presents cases as were listed from the
regulatory databases that may document potentially impacted groundwater sites. Programs listed
below were reviewed from GAMA. There are two figures to graphically represent the distribution
of sites; Figure 2-37 shows permitted facilities and Figure 2-38 shows clean-up sites.
•

Waste Discharge Requirements (WDR)

•

Underground Storage Tank (UST)

•

Leaking Underground Storage Tank (LUST)

•

Cleanup Program Sites

•

DTSC Hazardous Waste Sites

•

Department of Pesticide Regulation

•

Underground Injection Control (UIC) Wells

•

Oil and Gas Sites

•

Irrigated Lands Regulatory Program Sites

•

Confined Animal Site

Permitted Facilities with Waste Discharge Requirements Orders
While GeoTracker does not include water quality data for WDRs a list of sites and their general
location is accessible through the State Board’s California Integrated Water Quality System
(CIWQS). The general location of Confined Animal Facilities is also available through this
database. Figure 2-37 is a graphical representation of the known WDRs and Confined Animal Sites
in the Subbasin. A total of 264 sites were identified; however, 43 sites are not included in this figure
because latitude/longitude coordinates were not available to confirm that the site are within the
Subbasin. The intent of mapping the location of the sites is to provide an idea of where the WDRs
and Confined Animal Sites are located throughout the Subbasin.
Irrigated Lands Regulatory Program (ILRP) is permitted as a third-party WDR, like the WDR
permit for Confined Animal Sites. However, site specific information is not publicly available
because there are too many enrolled parcels under the Order. The Kern River Watershed Coalition
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Authority reports on the program. Relevant reports were reviewed and incorporated into the water
quality discussion.
Underground Injection Control Permitted Wells
UIC permitted wells are not included in the list of groundwater contaminant sites because the UIC
program’s objective is to confine injected fluid to the approved injection zone so that injected fluid
does not migrate to a zone where it could degrade valuable groundwater or hydrocarbon resources.
Wells permitted under the State’s Class II UIC program are presented on Figure 2-39. The UIC
program’s objective is to confine injected fluid to the approved injection zone so that injected fluid
does not migrate to a zone where it could degrade valuable groundwater or hydrocarbon resources
(DOGGR, April 2019). This program requires that any injection well have at least two cemented
strings of casing across any underground source of drinking water located above a proposed
injection zone, an annual Mechanical Integrity Test (MIT) and an annual step-rate test to ensure that
groundwater is protected.
Data acquired from the regulatory sources listed above are included in Table 2-5 (Envirostor and
Geotracker Databases) only if they applied to the following criteria in the order listed below:
3. potential media of concern defined as “groundwater,” “other groundwater,” or “drinking
groundwater,”
4. potential contaminant of concern defined, or “unknown,”
5. the site/case reported as “not closed”, and had one of the following statuses:
•
•
•
•
•
•
•

active cleanup
active land use restrictions
open remediation
open site assessment
open – eligible for closure
inactive-action required
other evaluation

139

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-37. Permitted Discharge Locations
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Figure 2-38. Clean-up Sites Listed in Envirostor and GeoTracker Databases
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Figure 2-39. Oil and Gas Wells in the Underground Injection Control Program

142

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN
Table 2-5. GeoTracker EnviroStor Sites with Potential Groundwater Media
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•
•
•
•

under review
open-inactive
inactive-permitted
inactive-unpermitted

There is a total of 77 sites identified within the Subbasin. Figure 2-38 and Table 2-5, with cross
referenced Map IDs, present the locations and details of known impacted groundwater or potentially
impacted groundwater within the Subbasin. Table 2-5 provides the Site/Facility Name, Site
Regulatory Identification and Status, associated site address and latitude/longitude,
CalEnviroScreen Score (if applicable), as well as any identified constituents of concern impacting
the groundwater at these sites.
2.3.4 Land Subsidence
Prior to COVID, the Kern Subbasin had been meeting with the DWR-California Aqueduct
Subsidence Project (CASP) team to share KGA findings related to non-SGMA related sources of
subsidence (e.g., oil field, geotechnical etc.) on the Aqueduct. These studies had been shared with
the DWR SGMA Team on a separate occasion. Knowing that DWR SGMA Team and DWR CASP
do not directly communicate on a staff level, the Subbasin recently held two additional meetings
(July 8th and June 3rd) to bring new DWR CASP staff up to speed on the findings of KGA
subsidence work conducted between 2020 and 2022. At the July 8th meeting, the CASP team
expressed that they are still analyzing data for their 2022 Precise Survey Report on the California
Aqueduct and as such, they were unable to provide any concrete findings or direction on potential
subsidence rates for comparison to the KGA studies.
The Kern Subbasin presented an Aqueduct “white paper” (Attachment G3) to the CASP that details
the proposed methodology for evaluating future subsidence rates, and the need to set interim (i.e.,
through 2025) MO/MTs per the direction of DWR SGMA Team. The Subbasin and DWR CASP
also explored mutually beneficial studies that could be implemented between 2022 and 2025 that
would address identified data gaps for both the Subbasin and DWR CASP. The CASP team
indicated that they understood the white paper approach and were also evaluating non-SGMA
related sources of subsidence. As an initial step, DWR CASP had held a meeting with California
Department of Conservation Geologic Energy Management Division (CalGEM) to discuss how to
account for those activities in their evaluations. The CASP team stated that they believe themselves
to be similar to the GSAs as an infrastructure owner, and thus a participant of SGMA not a
regulator.
As the Kern Subbasin moves forward, we believe significant data gaps pertaining to the various
causes and rates of subsidence in the Subbasin still exist and, that if addressed, will lead to better
defined management objectives for the Aqueduct and other critical infrastructure and help focus
planned and future monitoring resources where they will be most effective. We also believe that
working jointly and in close consultation with the CASP team would multiply the respective
expertise and resources of both parties to the benefit of all those dependent on the Aqueduct.

147

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Inelastic (irrecoverable) land subsidence (subsidence) is an undesirable result and the DWR of the
Subbasin Groundwater Sustainability Plans (GSP) placed subsidence as one of the deficiencies to be
further described and addressed. In response, the Subbasin has developed coordinated definitions
for Subsidence Undesirable Results and Critical Infrastructure as follows:
Undesirable Results – Land Subsidence:
An undesirable result for land subsidence is defined as the point at which the amount of inelastic
subsidence, if caused by Subbasin groundwater extractions, creates a significant and
unreasonable impact to surface land uses or Subbasin critical infrastructure.
Critical Infrastructure – Land Subsidence:
The KCS has adopted two classifications for critical infrastructure: Regional Critical
Infrastructure and Management Area Critical Infrastructure.
Regional Critical Infrastructure is defined as infrastructure located within the Subbasin that
serves multiple areas of the Subbasin and whose loss of significant functionality due to inelastic
subsidence, if caused by Subbasin groundwater extractions, would have significant impacts to
beneficial users. The Subbasin has collectively determined that the only infrastructure that meets
the definition for Regional Critical Infrastructure are the California Aqueduct and the FriantKern Canal.
Management Area Critical Infrastructure is defined as infrastructure located within a particular
Subbasin Management Area whose loss of significant functionality due to inelastic subsidence if
caused by Subbasin groundwater extractions would have significant impacts to beneficial users
within that Subbasin Management Area. Each Subbasin Management Area has identified their
respective Management Area Critical Infrastructure in their Management Area Plan or
individual GSP.
Inelastic (irrecoverable) land subsidence (subsidence) is a sustainability indicator that often occurs
in the region due to over pumping of aquifers with a high percentage of fine-grained deposits.
Inelastic land subsidence has the potential to alter the land surface in ways that could increase flood
risk in low lying areas; and damage well casing, canals, and other linear infrastructure. This section
summarizes land subsidence data collected within the Subbasin and discusses documented impacts
and potential impacts of land subsidence in or near the Subbasin.
Historically, it was commonly believed that the principal cause of subsidence in the Subbasin was
groundwater extraction for agriculture and municipal use. However, recent separate subsidence
studies conducted by the Westside District Water Authority (WDWA) and the KCS have found that
the underlying causes of subsidence in the Subbasin are more complex and likely include several
interrelated contributing factors. Chief among these are groundwater extraction for beneficial use,
oilfield activities, geotechnical conditions related to the disparate types of soil native to the
Subbasin, and natural settlement of critical infrastructure. None of the subsidence modes besides
groundwater extraction for agricultural and other Management Area uses are within the control of
Subbasin GSAs.
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2.3.4.1

Processes Leading to Land Subsidence

Several processes contribute to land subsidence in the Subbasin and include, in order of decreasing
magnitude: aquifer compaction by overdraft; hydro-compaction (shallow or near-surface
subsidence) of moisture deficient deposits above the water table that are wetted for the first time
since deposition; petroleum reservoir compaction due to oil and gas withdrawal; and subsidence
caused by tectonic forces (Ireland et al., 1984). Subsidence associated with oil and gas activities
may be included on datasets in figures and tables of this GSP due to the regional method of data
collections such as LANDSAT and InSAR. If significant impacts to critical infrastructure associated
with oil and gas activities are identified by regional subsidence monitoring, they will be
communicated to DOGGR to address as appropriate pursuant to Public Resources Code 3315.
Inelastic compaction or land subsidence occurs in the fine-grained beds of the aquifer system. Clays
and silts, although not very permeable, are typically highly porous. In many of these fine-grained
layers, pore spaces are supported by water at the time of deposition. This water is essentially
groundwater storage to the Subbasin, although the majority of it is a component of inelastic storage,
and therefore, it is not reusable. During over-pumping conditions, groundwater is pumped from
pore spaces between grains of sand and gravel. Once the aquifer system is pumped beyond the
sustainable yield, the lowered water pressure in the sand and gravel causes slow drainage of water
from the clay and silt beds. The subsequent release of water and water pressure from the clay and
silt beds result in compaction (the beds become thinner) as clay particles supported by water in pore
spaces rearrange and collapse. Groundwater cannot re-enter the clay structure after the collapse.
This condition represents a permanent loss of the water storage volume in the clay layers. The
effects of compaction are also seen as a lowering of the land surface, otherwise known as land
subsidence
A recent study conducted by the WDWA found that oilfield activities have also contributed to
subsidence. Oilfields on the west side of the Subbasin extract oil and produced water from some of
the same aquifers used for beneficial use elsewhere in the Subbasin. The WDWA determined that
oilfield pumping has resulted in impacts to regional critical infrastructure such as the California
Aqueduct between Mileposts 195 to approximately Milepost 215. The Subbasin has identified other
areas that are likely experiencing oilfield-induced subsidence. These areas will be the subject of
future studies.
2.3.4.2

Lawrence Berkeley National Laboratory Subsidence Study

The Lawrence Berkeley National Laboratory (LBL) Subsidence Study was undertaken in order to
determine the baseline rate of subsidence in the Kern County Subbasin for the study period 920152021). Study data was also compared to the March 2021 Differential Interferometric Synthetic
Aperture Radar (DInSAR) Study conducted by Earth Consultants International (ECI) on behalf of
the KGA and other GSAs in the Kern Subbasin. This study determined that the data from the ECI
study was in reasonable scientific agreement with the LBL Data.
For comparison, and to understand yearly variations, the cumulative line-of-sight displacement and
the yearly displacement rates were determined for a roughly seven-year interval extending from
early 2015 until late 2021. These values will be used in a follow-on study to better assess the
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vulnerability of critical infrastructure within the subbasin. These include, but are not limited to,
gravity-driven surface water delivery systems, of which the primary regional conveyance structures
are the California Aqueduct (Aqueduct) and the Friant-Kernel Canal (FKC). Due to varying
processes within the sub-basin, which include groundwater pumping for agricultural, industrial, and
oil and gas extraction, the basin will be further sub-divided into eastern, western, southern, and
central regions as shown in Figure 2-40 and the maximum, minimum, and mean subsidence will be
computed for each area.
The west region of the Subbasin is distinguished by extensive areas of open range land and oil field
operations interspersed with cultivated lands. Much of the Westside has no significant current or
planned groundwater use because of naturally poor water quality due to the presence of marine
sediments and saline connate water. As such, surface water deliveries from the State Water Project
via the Aqueduct are a primary source of water for agriculture. Significant volumes of oil field
produced water are generated in the west region. Produced water is a by-product of oil production
common to almost all oil fields in the KCS. Produced water is exempt from SGMA, and therefore
outside of the control of the KGA or other GSAs in the Subbasin.
The southern region is characterized by a mixture of land uses including agriculture, urban
development and oil field operations. SGMA related groundwater extractions include industrial,
municipal and agriculture. The southern region also receives surface water delivered by the
Aqueduct. The eastern region is bounded by the FKC on the west and the foothills of the SierraNevada Range on the east. It encompasses both agriculture use and oil field activities. Groundwater
quality is generally good in this area and is utilized for various SGMA related purposes (e.g.,
municipal, agriculture, industry). Deliveries of surface water via the FKC is a primary source of
water for agriculture, although not all growers have access to FKC water.
The central region of the Subbasin is characterized by widespread agricultural activity, interspersed
with municipal and industrial uses. Scattered oilfield operations are also present. The central region
is particularly susceptible to land subsidence caused by groundwater extraction. This is due to the
presence of extensive and layers of clay (e.g. Corcoran Clay) and other fine grained sediments in
the subsurface. The sources of water include groundwater, and surface water deliveries from the
Aqueduct and FKC.
The summarized results of the LBL study for the period 2015 to 2021 are provided in the Table 2-6.
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Figure 2-40 NEW. Kern Subbasin Subsidence Assessment Areas
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Table 2-6. Summary of Results of the LBL Study for the Period 2015 to 2021

2.3.4.22.3.4.3

Impacts due to Land Subsidence

There are various impacts of land subsidence on surface land uses and groundwater use that are
documented in Kern County and adjacent study areas. Some of these references are from historical
investigations while others are current. Both provide examples of potential future impacts of longterm subsidence in the study area.
Loss in Groundwater Storage and Increased Pumping Lifts
As described above, inelastic land subsidence can lead to the reduction in storage of fine-grained
units. The reduction in storage ultimately leads to increased pumping lifts. Ireland et. al. (1984),
explained that during compaction of fine-grained units caused by overdraft, there is a one-time
release of water that is a short-term benefit to users because it results in extra water released from
clay storage that is not renewable. Figure 2-41 Figure 2-40 below provides a conceptual diagram
illustrates how over-pumping and subsidence leads to increased pumping lifts.
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Figure 2-41. Conceptual Diagram of Impacts of Over-Pumping and Subsidence

Ireland et. al. (1984) documented the above phenomenon in the Los Banos-Kettleman City area. In
the late 1960’s, in areas north of the KCSSubbasin near Los Banos-Kettleman City, water levels
were drawn down to historical lows with subsidence rates that exceeded 1 ft per year. Water levels
subsequently recovered, and subsidence nearly ceased in the middle 1970’s with the delivery of
surface water. During the drought of 1976-1977, a second cycle of overdraft and subsidence
occurred. Water level declines were more rapid during the second cycle due to the loss of one-time
storage from the first event. In addition, subsidence rates typical of those during the first event were
observed (Ireland et al, 1984). In 1980, wet conditions and more available surface water resulted in
groundwater levels recovering to pre-drought conditions and subsidence rates nearly ceased (Ireland
et al, 1984).
Ojha et. al. (2019), references recent studies suggesting that subsidence between 2007 and 2015 in
the Central Valley (primarily San Joaquin Valley) resulted in losses of 0.4% to 5.25% storage
capacity in the aquifer system. However, this storage reduction does not substantially decrease
usable or renewable storage for groundwater because the clay layers do not typically store
significant amounts of recoverable, usable groundwater (LSCE, 2014). Nonetheless, it is estimated
in the past, that by the mid-1970s, about one-third of the volume of water pumped from storage in
areas such as Los Banos-Kettleman City, came from compaction of fine-grained beds (Poland and
others, 1975; Faunt et al, 2009). Although the largest body of clay is the Corcoran Clay, a relatively
insignificant volume of water has been released from storage in the Corcoran Clay (Faunt et al,
2009), likely because of its large thickness and low permeability.
Ojha et. al. (2019) suggests that loss in storage due to subsidence may impact the overall aquifer
system by increasing the replenishment time of the aquifer which could pose challenges to water
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management in the future. Recent DWR and Subbasin study Interferometric Synthetic Aperture
Radar (InSAR) data shows a persistent and deep subsidence bowl immediately to the north of the
KCS near the town of Delano.
Surface LinearRegional Critical Infrastructure
Some types of large-scale linear infrastructure such as concrete-lined canals, can be is most
susceptible to the regional subsidence caused by regional groundwater withdrawal. When
subsidence rates are not equal across a region, differential compaction can occur. This differential
compaction or subsidence may result in the formation of new low-lying areas for which canal
designs have not taken into account. Newly formed low-lying areas are what impact large-scale
linear infrastructure such as canals; often reducing freeboard and capacity. Examples of
infrastructure that have been impacted by subsidence in the Southern San Joaquin Valley include
the Friant-Kern Canal and California Aqueduct. The LBL study concluded that given the current
rates of subsidence on buried infrastructure, like pipelines, would not experience significant adverse
effects provided “hinge line” factors (i.e., stream crossings, faults, and changes in elevation etc.)
were minimal. Figures 2-42 and 2-43 show Subbasin infrastructure and recent JPL InSAR data for
October 2020 through 2021. Figure 2-44 shows the Identified Regional Critical Infrastructure
within the Kern Subasin.
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Figure 2-42 NEW. Potentially Impacted Regional Critical Infrastructure.
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Figure 2-43 NEW. Potentially Impacted Regional Critical Infrastructure with Subsidence Rate.
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Figure 2-44 NEW. Identified Regional Critical Infrastructure with Subsidence Rate.

159

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

This Page is Intentionally Blank

160

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

CVPFriant-Kern Canal

Subsidence impacts have been well documented to the north of the Subbasin in an approximate 18
mile stretch from Milepost 102.7 through 121.5, centered around Deer Creek (FWA, 2019).
Subsidence was roughly 12 feet of the original design elevation, including 3 feet of subsidence from
2016 to 2019. Due to land subsidence the canal’s water delivery capability has been reduced by
nearly 40 percent of its original capacity, Class 2 contractors have suffered nearly 60 percent
reduced capacity (FWA, 2019). Within the Subbasin, the FKC has experienced a few inches of
subsidence near Poso Creek (Mileposts 127 to 137).
A recent InSAR study conducted by the Subbasin determined that subsidence was historically
overestimated by previous JPL InSAR studies in the Subbasin. The exact cause of subsidence near
the Friant-Kern Canal in the Subbasin is therefore the subject of ongoing study. As a first step,
recently acquired grant funding will be utilized to install new extensometers to improve the quality
and quantity of data necessary to establish future sustainable management criteria in close
consultation with the DWR, Friant Water Authority, and other key stakeholders.
The Friant Kern Canal impacts have been well documented to the north of the Subbasin in an
approximate five-mile stretch across Deer Creek (FWA, 2018). Subsidence was roughly 2 feet of
the canal invert. Due to land subsidence the canal’s water delivery capability has been reduced by
nearly 60% to some contractor’s (FWA, 2018). In contract, within the Subbasin, the Friant Kern
Canal has experienced a few inches subsidence near Poso Creek (Mileposts 127 to 137).
SWPCalifornia Aqueduct
The March 2019, California Aqueduct Subsidence Study: Supplemental Report prepared by the
Department of Water Resources California Aqueduct Subsidence Project (DWR-CASP) provided
much substantive data on the Aqueduct that will be useful for ongoing and future planning by the
various GSAs) within the Subbasin. The report also identified several Aqueduct pools within the
Subbasin as areas of concern because of diminished operational capacity due to subsidence. Perhaps
the most prominent of these areas are located between Aqueduct milepost (MP) 195 and 215, and
MP 267 and 271. Historically, it was commonly believed that the principal cause of subsidence in
the Subbasin and Central Valley at large was groundwater extraction for agriculture and municipal
use. However, recent separate subsidence studies conducted by the Westside Districts Water
Authority (WDWA) and the KCS have found that the underlying causes of subsidence in the KCS
are more complex and likely include several interrelated factors. Chief among these are
groundwater extraction for beneficial use, oilfield activities and geotechnical conditions related to
the disparate types of soil native to the KCS, and natural settlement of the 60 year old Aqueduct.
The California Aqueduct was constructed in some areas with historical subsidence. “In an effort to
prevent future subsidence from affecting the operation of the Aqueduct (and future water
deliveries), extra freeboard was also added to [certain stretches] of the Aqueduct” (DWR, 2017c).
During initial operation, only a few places experienced lining cracks including an area with a
concrete culver undercrossing just downstream of the Buena Vista Pumping Plant experienced
settlement (DWR, 2017c).
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Two segments of the Aqueduct were raised in 1989 and 1996 in Kern County (Table 2-7, 2-6;
DWR, 2017c). The first between MP 194.94 and 197.05 (T25S-R20E) in 1989, and the second
between MP 206.10 and 207.94 (T27S-R21E). In general, this northwest portion of the basin is far
from the main groundwater production in the central part of the Subbasin. A recent study conducted
by the WDWA determined that subsidence between Mileposts 195 and Milepost 215 is attributed to
oilfield extraction activities and not agricultural pumping. A separate Subbasin-wide InSAR study
determined that previous JPL InSAR studies likely overestimated the rate of subsidence in the
Subbasin. These data were shared with DWR and DWR-CASP. Future studies by the Subbasin
along the Aqueduct are planned.
At the time of the submittals on January 31, 2020, the Subbasin GSPs expressed that significant
data gaps existed with regard to the differing causes of subsidence that may be unique to each of the
five subsidence areas of interest identified in the Subbasin. This lack of representative data
precluded setting meaningful data-based sustainable management requirements until additional data
was obtained. In the intervening 18 months since submittal of the Subbasin GSPs in 2020, the
Subbasin has made progress in acquiring the data necessary to set sustainable management criteria.
This work includes (some completed and other ongoing) the two aforementioned WDWA and
Subbasin studies, retaining the Lawrence Berkeley National Laboratory (LBNL) to perform a
baseline subsidence and infrastructure status assessment of the Aqueduct and other critical
infrastructure in the Subbasin, preparing a revised basin study and the planned installation of
additional subsidence monitoring sites in consultation with the DWR-CASP and the Friant Water
Authority (FWA).
Based on the data from the WDWA and Subbasin investigations, it is apparent that key data gaps
pertaining to the various causes and rates of subsidence in the Subbasin still remain and that further
study is needed to better define realistic management objectives for the Subbasin. To this end, in
addition to the LBNL study, the KCS will install extensometers, near the Friant-Kern Canal, and
work in close consultation with DWR-CASP and Friant Water Authority to update and interpret
new InSAR and oilfield data. In addition, the Subbasin is in the process of preparing an updated
basin study. The Subbasin has also committed to working cooperatively with the DWR- CASP and
the FWA in the planning and installation of other geodetic-based monitoring technology in the
Subbasin. The goal of the ongoing studies is to: 1.) more fully quantify the individual causes of
subsidence, and 2.) establish data-based subsidence MOs/MTs for Subbasin critical infrastructure
and individual management area critical infrastructure as appropriate.
Recognizing the wide variability in geologic, geotechnical and extraction activities present in the
Subbasin, the Subbasin has developed two separate but coordinated methodologies for determining
MOs and MTs for Aqueduct and the Friant-Kern Canal. The metric common to each of the
methodologies is the amount of concrete liner freeboard in an area of interest and its relationship to
operational capacity of the infrastructure. These methodologies, along with the aforementioned
ongoing studies, will serve as the foundation for the development of future MOs and MTs in
consultation with the DWR-CASP and the FWA.
., so it is uncertain if groundwater supply extraction contributes to land subsidence in this area.
Swanson (1998) also reported subsidence in this area along a 29-mile reach of the California
Aqueduct, the cause of which was uncertain. The subsidence rates increased during dry periods and
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decreased during wet periods. Swanson (1998) recommended that observation wells and an
extensometer be installed along this reach “to determine the cause of the subsidence because there is
little ground-water pumping in the immediate area.”

Year

Table 2-7: 1989 and 1996 Canal Raise in the San Joaquin Field Division
Milepost
Station
Length
Pool
Spec
(miles)
From
To
From
To

Maximum
Raise
(inches)

1989

22

89-26

182.39

184.82

718+00

846+00

2.43

30

1989

22

89-26

194.94

197.05

1373+41.59

1485+00

2.11

39

1996

22

96-19

206.10

207.94

1962+84

2059+99.2

1.84

30

Fault Movement
Within the Subbasin, Pond-Poso Fault movement has been detected during dry years. Although the
impact to infrastructure is unknown,. Holzer (1980) observed fault movement along the Pond-Poso
Fault from February 1977 to March 1979. This fault movement was observed during seasons of
water level decline, and he concluded that 9 inches of offset had occurred along the Pond-Poso
Fault System since the 1950’s. In addition, Holzer (1980) observed that fault offset of groundwater
levels was greater during dry years when the lowest seasonal water level low occurred.
Impacts to Well Casing
Although not in the Subbasin, jJust north of Subbasin, near Los Banos-Kettleman City, Wilson
(1968) documented well casing failures attributed to land subsidence. Wilson reported that during
1950-1961 in a part of the Los Banos-Kettleman Hills area, wells that were screened primarily
below the Corcoran Clay experienced screen failures associated with compaction or land
subsidence.
Degraded Water Quality
Degradation of water quality due to land subsidence has been studied in the San Joaquin Basin to
the north of the Subbasin. Smith et. al. (2018), hypothesizes that poor water quality in clays may be
released to the aquifer system during over pumping and compaction of clays. Specifically, data
north of the Subbasin in the San Joaquin Valley may indicate that areas with a thicker Corcoran
Clay extent have seen an increase in arsenic concentrations as subsidence rates have increased due
to over pumping (Smith et. al., 2018).
2.3.4.32.3.4.4

Land Subsidence Monitoring

Historical documentation of subsidence has relied on various types of data, including ground
surveys, declining groundwater levels, and borehole extensometers. Recent subsidence studies have
relied on ground surveys, borehole extensometers, continuous GPS stations, and remote sensing
(InSAR) to collect data.
Each method has advantages and drawbacks. An extensometer measures a discrete subsurface
interval, or typically the interval of the ground surface to the total depth of the extensometer. On the
other hand, CGPS and InSAR monitor overall change in ground surface relative to a datum such as
sea level, regardless of the depth interval. Moreover, InSAR provides information over a wide area,
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and when processed carefully, is extremely accurate, especially when coordinated with land-based
CGPS.
Remote Sensing
Within the Central Valley, and in particular the Subbasin, researchers have utilized remote sensing
techniques such as satellite-based Interferometric Synthetic Aperture Radar (InSAR) and aircraftbased L-band SAR or Unmanned Aerial Vehicle Synthetic Aperture Radar (UAVSAR). These
surveys have been led by the National Aeronautics and Space Administration (NASA) and Jet
Propulsion Laboratory (JPL), as well as other international researchers. The benefit of remote
sensing is that large areas of land can be surveyed with no invasive actions or land surface access
complications. DWR has commissioned studies (TRE Altamira, 2019) to evaluate the accuracy of
remote sensing and identify additional processing and calibration methods for accuracy.
The following is a summary of recent remote sensing findings with respect to the TRE Altamira
report:
•

InSAR data with nearby UNAVCO CGPS have been processed and calibrated for northern
Kern County Subbasin to the north of Visalia using the TRE Altamira-patented method
SqueeSAR.

•

InSAR calibration by TRE Altamira reports accuracy to 20 mm (0.07 feet) at 95%
confidence interval.

•

The calibration points include UNAVCO CGPS points (subsidence results as great as 8
inches over the time period of 2015 to 2018).

•

Other points in the SOPAC network including Corcoran and Lemoore stations were not
included in calibration; however, Ojha et al (2019) demonstrated that LEMA Lemoore and
CRCN Corcoran (high subsidence areas) (at least 50 inches of subsidence between 2015 to
2018) may correlate well with InSAR.

Filling data gaps in the San Joaquin Valley with high subsidence areas lacking calibration
monitoring points such as CGPS may be beneficial for future remote sensing work and calibration.
2.3.4.42.3.4.5

Historical Subsidence Results

Within the Subbasin, subsidence has been documented from leveling by the National Geodetic
Survey at up to 12 feet from 1926 to 1970 (Ireland et al., 1984). USGS estimates that about 75
percent of the subsidence occurred in the 1950s and 1960s, corresponding to extensive groundwater
development (Galloway, et al., 1999). Water levels during this period were continuing to fall to
historic lows each year, for the first time, which were associated with larger amounts of subsidence
(Todd, 2017).
Subsidence was also measured by USGS borehole extensometers in the west Subbasin from 1978 to
1983 (26S/23E-16H2 and 16H3) and to the south of Bakersfield from 1963 to 1978 in Extensometer
32S-28E-20Q1). These two extensometers have since been abandoned; however, a couple new
extensometers have been installed in the Subbasin.
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2.3.4.52.3.4.6

Recent Subsidence Results

Recent subsidence data is summarized in Table 2-8. 2-7. In addition, time-series plots of subsidence
monitoring points are included in Attachment G. Table 2-4 includes a summary of InSAR data
published in a subsidence study commissioned by the California Water Foundation. Subsidence was
measured at 0 to 0.5 feet from 2007 to 2011 across the Subbasin (LSCE, 2014). Subsidence was
measured from 2005 to 2017 in the north and west Subbasin (based on six continuous GPS (CGPS)
stations (BVPP, P544, P545, P563, P564, P565). These CGPS stations are monitored as a part of
UNAVCO’s Plate Boundary Observation (PBO).
Two extensometers have produced current data: 25S/22E-35B1 and 30S/25E-16L. Data for these
extensometers are also included in Table 2-8.2-7.
JPL provided a progress report of InSAR subsidence monitoring in California (Farr et al., 2015), for
data processed from the Japanese PALSAR for 2006 to 2010, Canadian Radarsat-2 for the period
May 2014 through January 2015. From April 2014 to January 2015, subsidence was measured
along the California Aqueduct from State Route 58 south to White Wolf Fault. Additional InSAR
subsidence monitoring was reported by JPL (Farr et al., 2016) in 2016 for data from the European
Space Agency’s satellite-borne Sentinel-1A from the period May 2015 through September 2016,
and NASA airborne UAVSAR for the period March 2015 through June 2016. The ESA’s Sentinel1A surveyed the entire San Joaquin and Tulare Basins, and subsidence was estimated between 4 and
8 inches in the north central portion of Subbasin as well as in the south of the Subbasin. The
UAVSAR southern flight line along the California Aqueduct measured as much as 12 inches of
subsidence, from April 2014 to June 2016, between east of Buena Vista Pumping Plant and Wind
Gap Pumping Plant near Old River Road.
According to Luhdorff & Scalmanini Consulting Engineers (LSCE), Borchers and Carpenter
(2014), subsidence is on-going and leading to significant impairment of the California Aqueduct
and the Friant-Kern Canal. According to DWR (2014) the Subbasin was rated at a high risk for
future subsidence due to 1) a significant number of wells (51%) with water levels at or below
historic lows; 2) documented historical subsidence; and 3) documented current subsidence.
Moreover, greater amounts of subsidence are occurring to the north of Subbasin in the Tulare
Subbasin. The amount of future subsidence will depend on whether future water levels decline
below previous low levels and remain low for a considerable amount of time. Maintaining water
levels above the previous low water levels may limit the risk of future subsidence.
A comprehensive Differential InSAR study conducted by Earth Consultants International [ECI]
(2021) on behalf of the Subbasin determined that previous InSAR studies by others may be
overestimating subsidence rates by a significant factor (45 to 50 percent) within the Subbasin. It is
believed that this discrepancy is the result of the short time intervals related to the acquisition of
available InSAR data in the previous studies. To mitigate this condition ECI recommended that
future Subbasin InSAR studies include a minimum time interval of five years’ worth of InSAR data
to enhance data resolution and accuracy. The vertical resolution of the Subbasin study was
approximately 2.4 millimeters per year (mm/yr) and was ground-truthed with land-based GPS data.
Examples of data from the ECI study versus previous studies is provided here.
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•

Friant-Kern Cana Mileposts 120-130 (AOI-1). Previous InSAR monitoring had detected up
to five inches per year of subsidence in areas surrounding this segment of the Friant-Kern
Canal. The ECI study found the rate of annual subsidence to average between two and three
inches.

•

Aqueduct Mileposts 196 to 215 (AOI-2). A separate study by the WDWA in 2019 and early
2020 identified Lost Hills Oilfield activities as the contributing cause of identified
subsidence. The ECI study found that subsidence along this segment displays the
characteristics of oil field activities, and that the area is isolated by areas of generally lower
subsidence, suggesting that agricultural groundwater extraction is minimal in this area.

•

Friant-Kern Canal Mileposts 130 to 137 (AOI-3). The ECI study estimated annual
subsidence rates at around two to three inches. This rate is similar to that for AOI 1.

•

Aqueduct Mileposts 267 to 271 (AOI-4). The ECI study estimated annual subsidence in this
area to be approximately one to two inches. Previous studies reported subsidence as being
between two and four inches.

•

North Boundary of Subbasin (AOI-5). A review of the subsidence rate for 2015-2016
presented in the JPL/NASA data indicates this area experienced between five and eight
inches of subsidence. Data from the ECI study found the average rate of subsidence for the
period between April 2015 and September 2020 was much lower at approximately two to
four inches.

More recent DWR data now seems to correlate with the ECI data, and LBL InSAR data was
concluded to be in reasonable agreement with the ECI data.
2.3.4.62.3.4.7

Annual Rate of Subsidence

The following tabulated summary data includes cumulative inches of subsidence within Subbasin,
and a calculated approximate annual rate for the time period for the data collection period. As
discussed above the InSAR data in this Table 2-8 may be overestimating subsidence by a significant
factor. The KGA and its members recognize InSAR is a valuable tool, in conjunction with groundbased geodetic technology, for assessing subsidence in relation to Subbasin identified critical
infrastructure. To ensure the best suite of technologies and methodology are brought to bear on
subsidence affecting Subbasin critical infrastructure, the Subbasin will reassess both the
methodology for determining the current interim MOs/MTs and the infrastructure specific MO/MT
levels in 2025.
Table 2-8 Land Subsidence Data

Subbasin Area
Historical Range in
the Subbasin

Date
Range

Cumulative
Subsidence
(inches)

1926 - 1970

12 - 96

Calculated
Annual Rate
of
Subsidence
(inches/year)
~ 0.3 - 2.2

Source
Ireland, 1984. Topographic
Maps and Leveling Data.

166

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Subbasin Area
North Central
Subbasin
South of Bakersfield

Date
Range

Cumulative
Subsidence
(inches)

Calculated
Annual Rate
of
Subsidence
(inches/year)

1978 - 1983

-0.04 – 1.5

-0.001 – 0.03

1963 –
1977

23.3

~0.14

Source
Extensometer 26S/23E-16H2
and -H3, USGS
Extensometer
32S-28E-20Q1, USGS

~0 – 1.3

CGPS PBO.
(BVPP, P544, P545, P563,
P564, P565).

9.8 - 11.5

~1.1

CGPS (BKR1/BKR2, ARM1)

Jan. 2007 –
Mar. 2011

6.0

~1.4

LSCE, 2014. Compiled from
InSAR.

Dec. 2013
– Mar. 2018

3.2

~0.8

SWSD Extensometer
25S22E35B001M

North and West
Subbasin

2005 - 2017

South Central
Subbasin

2006-2016

West Subbasin and
South of Bakersfield
North Central
Subbasin

0.1

– 11.7
0.2

Central Subbasin

July 1994 June 2018

-3 (negative
value
indicates
uplift)

Not Presented
Here.

Kern Fan Extensometer
30S/25E-16L
According to AECOM (2016),
data from extensometer show
“little response to changes in
water level changes during
recharge or recovery
operations.”

Southwest Subbasin
along California
Aqueduct

Apr. 2014 –
Jan. 2015

0.5 - 5

~0.7 – 6.7

UAVSAR. InSAR Canadian
Radarsat-2 (Farr et al., 2015)

North Central
Subbasin

May 2015 –
Sep. 2016

~1 - 12

~1.3 – 9.2

InSAR ESA Sentinel-1A (Farr et
al., 2016)

Southwest Subbasin
along California
Aqueduct

Apr. 2014 –
Jun. 2016

0 - 16

~0 – 7.4

2.3.4.72.3.4.8

UAVSAR (Farr et al., 2016)

Map of Subsidence Locations

Historic JPL InSAR data (Figures 2-45 to 2-49) is provided for context and comparison to Figure 250 which shows the recent subsidence rate in the Kern Subbasin from October 2020 to October
2021. Analysis of historic JPL InSAR data by ECI as part of their 2021 InSAR Study concluded
that the JPL data may be over estimating subsidence rates by 40 to 50% in areas with seasonal
groundwater withdrawals. A subsequent study conducted by the Lawrence Berkeley Laboratory
(LBL) concluded that their subsidence rate for various ports of the Kern Subbasin were in
reasonable agreement with the ECI data. The data in Figure 2-50 and 2-51 provides more current
InSAR data reported by DWR on the California Groundwater Live website which appears to
comport with ECI and LBL findings.
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Subsidence within the Subbasin measured by historical studies is plotted on Figure 2-41.
Subsidence as measured by recent studies and monitoring points including the UAVSAR and
InSAR datasets is plotted on Figures 2-42 and 2-43, respectively. Corresponding rates of subsidence
are presented on Figures 2-44 and 2-45. CGPS data locations, which are monitored continuously by
UNAVCO, are plotted with recent calculated subsidence.
2.3.4.82.3.4.9

Data Gaps in Subsidence Understanding

At the time of the submittals on January 31, 2020, the Subbasin GSPs expressed that significant
data gaps existed with regard to the differing causes of subsidence throughout the Subbasin. This
lack of representative data precluded setting meaningful data-based sustainable management
requirements until additional data was obtained. In the 18 months since submittal of the Subbasin
GSPs in 2020, the Subbasin has made progress in acquiring the data necessary to set sustainable
management criteria. This work includes (some completed and other ongoing) retaining the
Lawrence Berkeley National Laboratory to perform a baseline subsidence and infrastructure status
assessment of the Aqueduct and other critical infrastructure in the Subbasin (refer to LBNL
Subsidence Study, Attachment G2), preparing a revised basin study and the planned installation of
additional subsidence monitoring sites in consultation with the DWR-California Aqueduct
Subsidence Project (CASP) and the Friant water Authority (FWA).
Based on the data gathered through recent investigations, it is apparent that key data gaps pertaining
to the various causes and rates of subsidence in the Subbasin still remain and that further study is
needed to better define realistic management objectives for the Subbasin. To this end, in addition to
the LBNL study, the Subbasin will install extensometers, near the FKC, and work in close
consultation with DWR-CASP and Friant Water Authority to update and interpret new InSAR data.
In addition, the Subbasin is in the process of preparing an updated basin study. The Subbasin has
also committed to working cooperatively with the DWR- CASP and the FWA in the planning and
installation of other geodetic-based monitoring technology in the Subbasin. The goal of the ongoing
studies is to: 1.) more fully quantify the individual causes of subsidence, and 2.) establish databased subsidence MOs/MTs for Subbasin critical infrastructure and individual management area
critical infrastructure as appropriate.
There are data gaps in land subsidence that will be considered for future data collection. These data
gaps include subsidence monitoring along points of critical infrastructure such as the Friant Kern
Canal and California Aqueduct.
As described herein, there are a valuable dataset of CGPS monitoring points with which to pair
water level monitoring data; however, InSAR data show that many of the CGPS points are not in
zones of high subsidence, nor adjacent to critical infrastructure. Therefore, CGPS points alone are
useful as quality control points, but they are likely not situated in areas of high subsidence or near
critical infrastructure to facilitate decision making on sustainable management criteria.
InSAR is a dataset that may be able to fill the gaps between CGPS points. Continued InSAR data
collection over appropriate time intervals as recommended by ECI and LBL can fill the temporal
data gap in the record. Correlations between CGPS and InSAR could confirm InSAR results in high
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subsidence areas near Subbasin, as they have been demonstrated in low subsidence and other areas
(Tre Altamira, 2019; and Ojha et al, 2019, ECI 2021).
As the water level monitoring network is established in the Subbasin, collocated temporal water
level data with CGPS data can be collected to evaluate the relationship between active subsidence
and residual subsidence with respect to water level change over time. The understanding of residual
subsidence will better inform sustainable management criteria for setting thresholds.
Work in Progress
At the June 17, 2022, meeting with DWR, the Kern Subbasin presented the findings of two
important subsidence studies conducted subsequent to the January 2020 submission of the Subbasin
groundwater sustainability plans (GSP). Both subsidence studies indicate that groundwater
extractions under the purview of SGMA are not the sole cause of historical subsidence. The studies
also identified that significant additional data is required to fully understand the dynamics of
subsidence, its impacts on critical infrastructure including the California Aqueduct and the FriantKern Canal, and whether such impacts can be influenced by groundwater management as altered by
future projects and management actions.
Based on the presentation of data, the Kern Subbasin Groundwater Sustainability Agencies (GSAs)
expressed concern with setting SMCs where significant data gaps exist. The Kern Subbasin GSAs
understand that DWR has addressed the issue of data gaps in the Monitoring Networks and
Identification of Data Gaps Best Management Practice warning that “Data must be of sufficient
quality to enable scientifically defensible decision.” (Monitoring Networks and Identification of
Data Gaps Best Management Practice, page 27.)
DWR SGMA staff understood the data provided by the Kern subbasin and appreciated the
challenge of setting sustainable management criteria in the face of data gaps. However, DWR
stated substantial compliance with the requirements of the Sustainable Groundwater Management
Act (SGMA) requires the development of interim SMCs for subsidence and DWR SGMA staff
stated that the setting of the SMC can include caveats. Therefore, the Kern subbasin will proceed
with the development of interim sustainable management criteria for subsidence with the following
caveats which may not be inclusive.
•

The sustainable management criteria can be interim, and will be updated in the 2025 GSP
update;

•

Due to the complexity of the Kern Subbasin, setting of an interim SMC for subsidence, does
not require GSAs take responsibility, manage, regulate or otherwise be liable for impacts
resulting from actions outside the authority of the GSA or outside the GSA’s ability to
manage sustainability under SGMA; and

•

That the Kern Subbasin GSAs are not responsible for addressing subsidence caused by
activities outside of the jurisdiction of SGMA i.e., extractions from exempt aquifers, or
caused by activities other than extraction of water on behalf of the beneficial users under the
purview of SGMA.

169

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

The SMCs for subsidence described in the remainder of this white paper were developed with
consideration of these caveats.
CA Aqueduct
As the Kern subbasin moves forward, we believe significant data gaps pertaining to the various
causes and rates of subsidence in the KCS still exist and, that if addressed, will lead to better
defined management objectives for the Aqueduct and help focus planned and future monitoring
resources where they will be most effective. We also believe that working jointly and in close
consultation with the DWR-CASP team would multiply the respective expertise and resources of
both parties to the benefit of all those dependent on the Aqueduct. The Kern subbasin has been
meeting with the CASP team since 2019 to move forward this concept of joint cooperation to
develop data-based management objectives and future sustainable management criteria. As such,
the Kern Subbasin and DWR CASP have agreed, as proponents for the sustainable management of
the Aqueduct, to continue to work collaboratively to assess the causes and potential solutions to
subsidence on the Aqueduct.
Friant-Kern Canal
Kern Subbasin is in contact with the FWA and will continue to work with FWA on filling data gaps
as well as coordinate on a monitoring network. The FWA (in conjunction with the Bureau of
Reclamation) is developing a proposed a system-wide Friant-Kern Canal Capacity Correction
Program (Program). Both entities have already begun the correction phase of the Middle Reach,
which experienced significant capacity loss (over 60%) as a result of regional subsidence. The
proposed Program includes identifying impacts to water supplies from the loss of flow capacity in
the Lower Reach. Several Kern Subbasin representatives are involved in the Program and will
continue to monitor the Program with respect to SGMA compliance and implementation.
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Figure 2-45. Historical Subsidence
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Figure 2-46. Subsidence 2007-2010
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Figure 2-47. Subsidence 2015-2016
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Figure 2-48. Rate of Subsidence 2007-2010
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Figure 2-49. Rate of Subsidence 2015-2016
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Figure 2-50. Rate of Subsidence 2015-2016
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Figure 2-51. Rate of Subsidence 2020-2021

177

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

This Page is Intentionally Blank

178

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

2.3.5 Interconnected Surface Water Systems
Interconnected surface water systems are surface waters that are hydraulically connected by a
continuous saturated zone to an underlying aquifer 23-CCR § 351(o). Within the Subbasin, there are
no interconnected natural surface water systems in monitored areas associated with the pumping
zone of the regional aquifer system. The following are naturally occurring surface water bodies
within the Subbasin:
•

Kern River: Flows within the Subbasin (located within the Olcese and Kern River GSAs)
are a function of hydrologic conditions in the Kern River watershed and regulation by
Isabella Dam and Reservoir; and

•

Poso Creek and other minor streams: Streamflow is unregulated and is ephemeral within the
Subbasin, principally occurring during “wet” months of “wet” years.

Other surface water bodies, such as the Buena Vista Aquatic Recreation Area lakes, are situated in
former basins of natural surface water bodies but are now dependent on managed water deliveries.
Since the advent of groundwater pumping in the Subbasin and subsequent impoundment and
regulation of flow of the Kern River, groundwater levels near the river are no longer connected with
the river bedriverbed by a continuous saturated zone. Water quality data suggest that some portion
of the recharge to the principal water-bearing aquifer underlying the far eastern portion of the
Subbasin (the Olcese Sand Aquifer) may come from percolation of Kern River surface water via
seepage through the Kern Gorge Fault and/or through the overlying shallow alluvium. However,
such recharge occurs independent of groundwater production in the principal aquifer, and there is
no known pumping from the shallow alluvium zone itself. Thus, there is no interconnected surface
water under the influence of groundwater pumping in the principal aquifer in this area and no
impacts to interconnected surface water have been observed.
The observation that there are now no interconnected surface water systems in the Subbasin is
reflected in the aquifer characterization found in locally developed groundwater models. For
example, groundwater levels in the Kern Delta Water District Superposition Model are indicated to
be disconnected from the Kern River and other simulated streams (Todd, 2017). See the Kern River
GSA GSP, which addresses in more detail the lack of interconnected surface water around the Kern
River bed, as the area in around the Kern River bed is located within the jurisdiction of the Kern
River GSA. The information below, as required by GSP regulations, is provided for completeness
of the KGA GSP basin setting, however, for a more detailed discussion of interconnected surface
water systems related to the Kern River, see the Olcese and Kern River GSAs GSPs, as the Kern
River is outside of the jurisdictional area of the KGA.
2.3.5.1

Groundwater Elevation and the Kern River

Recent maps of groundwater contours developed by the Kern County Water Agency Improvement
District 4 indicate there is a significant separation between the potentiometric surface near the river
channel and the elevation of the river bed in areas where groundwater elevations have been mapped
near the Kern River. The Hydrologic Profile from the most recent Kern Fan Operations Report
(KCWA, 2018), illustrates prevailing groundwater conditions both spatially and temporally near the

179

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Kern River. This profile, which is transverse to the axis of the Kern River, indicates that during
“wet” years, such as 1998 and 2006, groundwater elevations are highest directly below the Kern
River bed while, during “dry” years, groundwater levels have declined to depths greater than 200
feet below the river bed. This prevailing pattern suggests that, during wet years, recharge to
groundwater from the Kern River channel and nearby water banking operations forms a
groundwater mound that gradually flows away from the river to the north and the south.
Conversely, in dry years, there is an overall decrease in groundwater levels due to the lack of
recharge from the Kern River and nearby water banking operations.
2.3.5.2

Hydrographs

Upstream of the Improvement District 4 monitoring coverage is a segment of the river, near Hart
Park and the First Point of Measurement within Subbasin, that has available groundwater elevation
data from the Kern County Water Agency for supply wells 29S/28E-02A01 and 29S/28E-10K01.
These wells are located upgradient of Rocky Point Weir, and groundwater elevation data are plotted
against the elevation of the adjacent river bed. In general, water levels in the wells consistently
ranged from approximately 27 to 49 feet lower than the river bed between 1995 to 2016 (Figure 252). The Kern River is outside of the KGA jurisdictional area. For more information see the Olcese
and Kern River GSA GSPs.
2.3.5.3

Stream Gaging

Stream gaging data for the Kern River are available for stations upstream of the Subbasin at
Democrat Springs (USGS 11192500 and USGS 11192000), as well as at the First Point of
Measurement upstream of Beardsley River Weir and Rocky Point Weir. Differences in annual flow
volumes were calculated between Democrat Springs and the First Point of Measurement (factoring
in diversions between these points) for water years 1990 through 2016. In general, streamflow tends
to increase between Democrat Springs and the First Point of Measurement during wet years (i.e.
1993, 1998, 2005, and 2011), which in part reflects surface water inflow from tributaries along this
segment of the River. In contrast, Kern River flows decrease during some dry years such as 2001,
2008, 2009, and 2013, but also exhibit gains during the periods from 2001 to 2002 and from 2013 to
2014. The Kern River is outside of the KGA jurisdictional area. For more information see the
Olcese and Kern River GSA GSPs.
2.3.5.4

Data Gaps

Although available data confirm that the Kern River is not interconnected with the underlying
groundwater downstream of the First Point of Measurement, it appears that the Kern River from
Democrat Springs to the First Point of Measurement may be gaining flow, with accretion from
groundwater being one of the sources contributing to these gains. However, available data between
these two locations (approximate 22 1/2-mile reach) are not adequate to refine the assessment of
gaining and losing segments from the east boundary of the Subbasin to the First Point of
Measurement (approximate 10-mile reach). In this regard, there are several mapped springs
throughout the Kern River Canyon, with an absence of any mapped springs below the mouth of the
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canyon within the Subbasin, indicating that the majority of gains are likely within the canyon. For
additional information see the Olcese and Kern River GSA GSP.
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Figure 2-52. Supply Well Hydrographs
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2.3.6 Groundwater Dependent Ecosystems
Groundwater Dependent Ecosystems (GDEs) are ecological communities that depend on
groundwater emerging from aquifers or groundwater occurring near the ground surface (shallow
water table). In the Kern Subbasin, potential GDEs are likely to be associated with wetlands and
riparian areas that are supported either by shallow groundwater or by a combination of shallow
groundwater and surface water. As discussed previously, shallow groundwater is present in westcentral and southern portions of the Subbasin. Ephemeral wetlands covered by water seasonally are
likely to be supported by irrigation deliveries and precipitation and are unlikely to be surface
expressions of groundwater. For example, the Kern National Wildlife Refuge, is now sustained by
imported surface water (USFS, 2005). Other features having the potential to provide habitat, such as
groundwater recharge basins that are artificially flooded with surface water, also depend on
diversion of surface water rather than a shallow groundwater table. The distribution of potential
GDEs in the Kern Subbasin was assessed based on DWR’s Natural Communities Commonly
Associated with Groundwater (NCCAG) data.
The following is taken from the DWR Natural Communities dataset website for NCCAG (DWR,
2019):
“The Natural Communities dataset is a compilation of 48 publicly available State and
Federal agency datasets that map vegetation, wetlands, springs, and seeps in California. A
working group comprised of DWR, the California Department of Fish and Wildlife
(CDFW), and The Nature Conservancy (TNC) reviewed the compiled dataset and
conducted a screening process to exclude vegetation and wetland types less likely to be
associated with groundwater and retain types commonly associated with groundwater,
based on criteria described in Klausmeyer et al., 2018. Two habitat classes are included
in the Natural Communities dataset: (1) wetland features commonly associated with the
surface expression of groundwater under natural, unmodified conditions; and (2)
vegetation types commonly associated with the sub-surface presence of groundwater
(phreatophytes).”
The data included in the Natural Communities dataset do not represent DWRs determination of a
GDE. However, the Natural Communities dataset can be used by GSAs as a starting point when
approaching the task of identifying GDEs within a groundwater basin.”
Figure 2-53 shows CDFW lands in the Central Region. Similarly, Figure 2-54a and 2-54b shows
potential location of wetlands and GDEs in the Subbasin, respectively, as identified in the National
Hydrography Dataset. In addition, the surface water bodies from the National Hydrography Dataset
are also discussed in relation to potential GDEs.
The below discussion presents NCCAG dataset of the Subbasin. Any further details regarding these
mapped datasets are provided in the management area plans. Where data gaps exist, future
monitoring and GSP updates will seek to fill these gaps, as described in the management area plans
of the individual KGA members.
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2.3.6.1

NCCAG Mapped Data

Figure 2-29 displays the locations of seeps and springs based on data extracted from the National
Hydrography Dataset at the base of the mountains and foothills in the southeast, southwest, and
northwest edges of the Subbasin.
Figure 2-54a and 2-54b displays NCCAG data in the Subbasin. NCCAG features are mapped along
spring-fed streams in the southwest along the perimeter of the Subbasin: Santiago Creek to San
Emigdio Creek situated in the Wind Wolves Preserve. Toward the east, Pleitito and Pleito Creeks
have mapped NCCAG datasets. Potential spring-fed streams to the southeast of Sycamore Canyon
Golf Course may have associated NCCAG mapped data. In the southeast corner of the Subbasin, in
the highlands along the Caliente Creek drainage are mapped NCCAG features. On the eastern side
of the Subbasin, NCCAG wetlands and vegetation are mapped along the Kern River and Poso
Creek. On the northern boundary of the Subbasin, NCCAG wetlands and vegetation are mapped in
the Kern River channel to the southwest of Kern Wildlife Refuge. Along the western edges of the
Subbasin, there are mapped NCCAG features.
Groundwater potentiometric surfaces from Kern Fan Monitoring Reports (KCWA, 2016) indicate
that underlying aquifers are not connected with stream channels. Some flow in the Kern River, as
well as in Poso Creek and other mountain-front creeks, is likely to be sustained periodically by
release of bank storage (surface water stored in stream banks), but the underlying groundwater is
too deep to sustain flow in the valley floor.
2.3.6.2

Evaluation of NCCAG Results

The conditions in the center of the Subbasin suggest that the groundwater production aquifer does
not reach the shallow subsurface. The production aquifer lies at depths that prevent surface water
expressions or accessibility for vegetation. The respective chapters within this GSP may present
additional data regarding NCCAG mapped dataset.
Based on the NCCAG dataset along the margins of the Subbasin where spring-fed streams exist,
further confirmation is needed to evaluate the presence of GDEs. Chapter-level GSPs, where
necessary, provide local details regarding the current understanding of potential GDEs in the
respective area.
In the west-central and southern-central Subbasin, shallow groundwater levels are present. These
clays have historically been a concern regarding encroachment of poor-quality perched groundwater
into crop root zones. The shallow groundwater in the west-central and southern-central Subbasin is
not well suited for agricultural or domestic water supply; therefore, existing water management
practices and practices that may be introduced through the implementation of SGMA are unlikely to
draw on the shallow groundwater that may support potential GDEs.
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Figure 2-53. State and Federal Lands in the Kern County Subbasin
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Figure 2-54a. NCCAG Wetlands
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Figure 2-54b. NCCAG Vegetation
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2.4

Water Budget Information

All GSAs in the Subbasin coordinated and collaborated on the development of water modeling
budgets (historical, baseline and projected). The GSAs entered into a Cost Share Agreement with
the Kern River GSA who took the lead and contracted with Todd Groundwater to develop a
groundwater model on behalf of the Subbasin. The contract required that Todd Groundwater use the
California Central Valley Groundwater-Surface Water Simulation Model (C2VSim) provided by
DWR. Considerable effort and resources were expended to update the C2VSim model with local
data to better represent Subbasin conditions, as described below. The process Todd Groundwater
used to update C2VSim is more fully described in the Historical and Projected Future Water Budget
Development (Attachment H). Subbasin -wide water budget results from the numerical modelbased water budget are provided in Attachment H and show the Subbasin, as a whole, has a total
storage deficit of 324,326 acre-feet per year (AFY) over the baseline period.
The Subbasin’s dynamic conjunctive use programs, water banking operations, and water
transfers/exchanges made it necessary to coordinate a separate water accounting system using
Subbasin specific values for supply, demand and net results. The C2VSim model results reflect
Subbasin-wide conditions and does not allocate water shortages/surpluses, nor do the results
allocate the “ownership” of water. As a result, the GSAs, through a coordinated effort, developed
water budgets that estimate current conditions for each GSA that are generally consistent with the
C2VSim model results under baseline condition. These GSA-level budgets are based upon best
available information, recognizing however, each estimate includes data gaps and has varying
degrees of accuracy and/or reliability. Table 2-9 2-8R reflects the coordinated development the
GSA-level water budgets for the Kern Subbasin and is also included in the Coordination Agreement
for the Kern Subbasin.
Table 2-9. (REVISED Table 2-8) Kern Subbasin GSA Level Water Budgets
Total Water
Demand
(acre-feet)

Entity
Kern Groundwater Authority

1,489,171

Kern Groundwater Authority - Non-Districted
Henry Miller GSA
Kern River GSA
Kern River GSA – App. K Properties

1,249,825

4,200
40,884

Olcese Water District GSA

Total Water Supply
(acre-feet)

Net Water Budget
(acre-feet)
-239,346
-4,200

35,791

-5,093

2,650

3,202

552

305,310

276,157

-29,153

1,308

-1,308

Buena Vista GSA

103,950

126,936

22,986

South of Kern GSA

464,051

433,303

-30,748

2,411,524

2,125,214

-286,310

TOTALS:

Todd Groundwater Model Results for Baseline Condition:

-324,326

Todd Groundwater Model Results for Historical Change in Groundwater Storage:

-277,114

*Most of the irrigated non-districted lands are now managed /covered under SGMA by GSAs.

191

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Table 2-8: Kern Subbasin GSA-Level Water Budgets
Total Water Demand
(acre-feet)

Entity
Kern Groundwater Authority
Henry Miller GSA
Olcese Water District GSA
Kern River GSA
Kern River GSA – App K Properties
Buena Vista GSA
Non-Districted Lands*
TOTALS:

Total Water Supply
(acre-feet)

Net Water Budget
(acre-feet)

1,939,409

1,683,128

-256,281

40,884

35,791

-5,093

2,650

3,202

552

305,310

276,157

-29,153

1,308

0

-1,308

103,950

126,936

22,986

18,013

0

-18,013

2,411,524

2,125,214

-286,310

Todd Groundwater Model Results for Baseline Condition:

-324,326

Todd Groundwater Model Results for Historical Change in Groundwater Storage:

-277,114

*Most of the irrigated non-districted lands are now managed /covered under SGMA by GSAs.

To ensure the KGA individual water budgets reflected actual conditions, the KGA members
developed a coordinated water accounting methodology. The result of that effort indicates a current
baseline shortage/deficit for KGA members of -256,281 -239,346AFY1. This reflects the difference
between a total demand for KGA members of 1,939,4091,489,171 AFY, and a total supply of
1,683,1281,249,825 AFY. Each KGA member agency management area plan reflects their
consistent management area water budget in their individual water budget sections.
2.4.1 Model Development
SGMA regulations require that water budget analyses for GSPs be conducted on a basin-wide basis.
DWR developed C2VSim to simulate water demands and supplies in the Central Valley. The
C2VSim Fine Grid Beta Model (C2VSimFG-Beta) is derived from a series of Central Valley
hydrologic models developed by DWR and other agencies beginning in the early 1990s.
C2VSimFG Beta includes historical input data for WY1922-2015 in the Kern Subbasin. These data
include monthly precipitation and annual land use for each model element and estimated monthly
evapotranspiration for each modeled land use type and agricultural crop. Historical surface water
data include monthly surface water inflow for each river entering the model boundary and monthly
surface water diversions.
C2VSimFG Beta input files have been modified to incorporate locally-derived managed water
supply and demand data to better represent the local water balance for the Subbasin. known as
C2VSimFG-Kern model. This model includes revised data for the Kern County subbasins to better
1

The water supplies available to each KGA member from the Pioneer and Kern Water Bank banking programs are
incorporated into the listed total available supplies. Note that both programs only store surface supplies, and do not have
consumptive demands that contribute to the listed shortages. For more detail on the banking projects, please see the
respective chapters.
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represent local water conditions. To comply with the SGMA water budget requirements (Section
354.18), the KGA and the other four GSAs in the Subbasin engaged in a basin-wide effort to
develop a basin-wide groundwater model. The results of this effort are provided in Attachment H TODD Groundwater C2VSimFG-Kern Report and Results, which is summarized below.
2.4.2 Data Compilation
Historical surface water diversions, water bank recharge and water bank withdrawal information
were collected from Kern County water purveyors. Urban land use was restricted to developed
areas, and urban populations and per-capita water demands were updated. Detailed description of
data compilation methodology, assumptions and sources are provided in Attachment H: Historical
and Projected Future Water Budget Development with C2VSimFG-Kern.
2.4.3 Historical and Current Water Budget
C2VSimFG-Kern was used to develop historical (WY1995 to WY2014) water budget for the Kern
County Subbasin and is presented in Figure 2-55. The results are summarized as follows:
•

Deep Percolation – This is defined as precipitation and applied water that reaches the
groundwater after simulated transport across the unsaturated zone. The simulated historical
20-year average resulted in a net inflow of 669,398 AFY.

•

Managed Recharge and Canal Seepage – This is defined as combined groundwater
recharge from managed aquifer recharge operations, groundwater banking, and seepage
from canals and other conveyance. The simulated historical 20-year average resulted in a net
inflow of 583,598 AFY.

•

Net Groundwater-Surface Water (GW/SW) Interactions – This is defined as net
volumetric exchange of surface water and groundwater between the aquifer and streams:
Positive represents a net groundwater recharge, and negative represents a net groundwater
discharge to the stream. The simulated historical 20-year average resulted in a net inflow of
98,606 AFY.

•

Groundwater (GW) Pumping – This is defined as total groundwater pumping by wells.
Groundwater banking recovery pumping is specified as fixed input values and agricultural
and municipal pumping is calculated by C2VSimFG-Kern based on demand minus surface
water diversions. The simulated historical 20-year average resulted in a net outflow of
1,590,373 AFY.

•

Small Watershed Inflow – This is defined as runoff, small stream inflow and subsurface
inflow from the small watersheds and areas surrounding the groundwater basin. The
simulated historical 20-year average resulted in a net inflow of 48,760 AFY.

•

Subsurface Flow with Adjacent Groundwater (GW) Basins – This is defined as net
subsurface groundwater flow to and from the Subbasin with adjoining groundwater basins:
negative is a net flow out of the Subbasin and positive is a net flow into the Subbasin. The
simulated historical 20-year average resulted in a net outflow of 87,102 AFY.
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•

Change in Groundwater Storage – This is the sum of the inflow components (positive
numbers) plus the outflow components (negative numbers): positive is an increase in storage
typified by a rise in groundwater levels whereas a negative is a decrease in storage typified
by a decline in groundwater levels. The simulated historical 20-year average resulted in a
decline in groundwater storage of 277,114 AFY.

Figure 2-56 presents the average annual historical water budget for the Subbasin that includes the
out-of-basin groundwater banking obligation of 85,965 AFY.
Figure 2-57 shows the simulated annual and cumulative change in groundwater storage over the 20year historical period. It was observed that during the periods of WY1995 to WY2000, WY2005 to
WY2006 and WY2010 and WY2011, the groundwater storage volume was stable to increasing and
correlates to the above average rainfall and surface water availability during these times. Similarly,
during the periods WY2001 to WY2004, WY2007 to WY2009 and WY2012 to WY2015,
groundwater storage volume decreased, correlated to periods of drought and low surface water
availability. Figure 2-58 shows the simulated historical groundwater recharge by source that also
reflects a climatic pattern with high deep percolation to groundwater and steep increases in
managed aquifer recharge and canal seepage during the above average rainfall periods and lower
groundwater recharge during the drought years.
As a result, groundwater pumping for agriculture shows a general increasing trend from WY1995 to
WY2014; however, groundwater pumping is lower in above average rainfall years and higher
during droughts as shown in Figure 2-59. This general increasing trend follows a comparable
decreasing trend in surface water deliveries over the same period as shown in Figure 2-60.
2.4.3.1

Sustainable Yield

SGMA defines Sustainable Yield as “the maximum quantity of water, calculated over a base period
representative of long-term conditions in the basin and including any temporary surplus, that can be
withdrawn annually from a groundwater supply without causing an undesirable result”. To
determine the sustainable yield for the Kern Subbasin, the results of the C2VSimFG-Kern model
were used with two methods to estimate the amount of groundwater pumping that would avoid the
undesirable result of a reduction in groundwater storage over the historical base period 1995 to
2014.
•

Sustainable Yield from Groundwater Pumping – The model results produced an average
annual groundwater pumping in the Kern Subbasin of 1,590,373 AFY with a decline in
groundwater storage of 277,114 AFY. Subtracting the groundwater storage decline from
groundwater pumping produced a sustainable yield of approximately 1,313,000 AFY for the
Kern Subbasin.

•

Sustainable Yield from Groundwater Recharge – The model results produced an average
annual groundwater recharge in the Kern Subbasin of 1,400,362 AFY. The subsurface
outflow from the GSA totals 87,102 AFY. Subtracting these losses from the groundwater
recharge produced a sustainable yield of approximately 1,331,000 AFY.
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Using WY1995 to WY2015 as the base period, C2VSimFG-Kern results show declining
groundwater levels and long-term reduction of groundwater storage. During this period, average
annual inflow to the aquifer is 1,400,362 AFY, and outflow is 1,677,475 AFY. This yields an
average annual deficit of 277,144 AFY. Based on these historical C2VSimFG-Kern results, the
sustainable yield of the basin is approximately 1,313,000 AFY, plus or minus 10%.
2.4.3.2

Native Yield

SGMA does not require the native yield to be considered or addressed, however, in the process of
working on the Sustainable Yield, water budget allocations, and the water modeling for the entire
Kern Subbasin, the discussion of the native yield and how best to address it in the Kern Subbasin
occurred. The C2VSimFG-Kern results does model the concept of native yield, however, as
described in section 4.2.2 of Attachment H, the Native Yield at this time is based on available data.
However, there exists in this area data gaps and as such, as those data gaps are eliminated and
management actions are implemented, the estimate of native yield is likely to change. With the
current available data for input to the C2VSimFG-Kern, the model provides the following results:
•

The volume of precipitation that recharges the groundwater in the irrigated agricultural areas
is 77,780 AFY

•

The volume of precipitation that recharges groundwater in the other areas is 132,981 AFY

•

The volume of inflow from unallocated small watersheds that recharges the groundwater in
the irrigated agricultural areas is 48,760 AFY

•

The above inputs resulted in a native yield for the Kern Subbasin of 259,520 AFY which
resulted in the native yield estimate of 0.144 acre-feet per acre for the total area of the Kern
County Subbasin.

During the process of working through the water budget allocations for the entire Kern Subbasin
with all GSAs, the native yield was one of the most critical supply source to be coordinate.
Acknowledging the presence of data gaps and implementation of projects and management actions,
the GSAs of the Kern Subbasin have agreed to the continued analysis and refinement of the native
yield, from a technical and legal basis. This has been identified as a management action for the
KGA, in coordination with all other Kern Subbasin GSAs, in 2020.
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Figure 2-55. Historical Groundwater Budget for Kern County Subbasin for WY1995 to WY2014
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Figure 2-56. Average Annual Groundwater Budget for Kern County Subbasin for WY1995 to WY2014
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Figure 2-57. Annual and Cumulative Change in Groundwater Storage for WY1995 to WY2014
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Figure 2-58. Groundwater Recharge by Source for Kern County Subbasin for WY1995 to WY2014
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Figure 2-59. Groundwater Pumping by Type for Kern County Subbasin for WY1995 to WY2014
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Figure 2-60. Surface Water Deliveries by Type for WY1995 to WY2014
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2.4.4 Projected Future Water Budgets without SGMA Implementation
Projected future water budgets for the Subbasin were developed using the C2VSimFG-Kern for
future baseline conditions and 2030 and 2070 Climate Conditions over a 50-year planning and
implementation horizon. These scenario models provide a basis of comparison for evaluating
proposed sustainability management actions and projects over the SGMA planning and
implementation horizon.
•

Future Baseline Conditions: Repeat historical hydrology with future water supply
reliability provided by DWR.

•

2030 Climate Conditions: Adjust historical hydrology for 2030 climatic conditions and
water supply reliability provided by DWR.

•

2070 Climate Conditions: Adjust historical hydrology for 2070 climatic conditions and
water supply reliability provided by DWR.

Detailed description of assumptions, hydrology estimations, precipitation rates, surface water
deliveries, sources of data and groundwater banking conditions are provided in Attachment H:
Historical and Projected Future Water Budget Development with C2VSimFG-Kern.
2.4.4.1

Future Baseline Water Budget

The Baseline Scenario simulates how the Subbasin aquifer would respond if the recent hydrology
were repeated with current expected surface water availability and current land use. The primary
difference between historical conditions and the projected future baseline is a nearly 20% decrease
in imported surface water deliveries primarily from the SWP due to the long-term Operational
Criteria and Plan (OCAP) Biological Opinion and is replaced with additional groundwater pumping.
As a result, total net aquifer outflows increase by about 35,600 AFY, total net aquifer inflows
decrease by about 11,600 AFY with the average groundwater pumping of 1,625,000 AFY, which
includes agricultural pumping, urban pumping and exported water. This results in an additional loss
of groundwater storage of about 47,200 AFY over the 50-year projected future baseline. Baseline
simulation results indicate that the Subbasin has an average annual overdraft of 324,326 AFY,
however, with the implementation and completion of projects and management actions as stated in
the individual management area plans and GSPs from the other GSAs in the Subbasin, the baseline
simulation results show that the Subbasin has an average surplus of 85,578 AFY.
2.4.4.2

2030 Climate Change Water Budget

The 2030 Scenario simulates how the Subbasin aquifer would respond assuming hydrologic
conditions representing a potentially drier climate (no or limited amount of snow pack) and are
based on the DWR Climate Change Guidance (DWR 2018). The 2030 DWR climate change factors
were applied to the Baseline Scenario Conditions. Additional adjustments were made to the
imported surface water supplies from the SWP, CVP and Kern River, accounting for about an
additional 2% decrease from the Baseline Conditions.
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The results show a net increase in aquifer inflows of about 44,700 AFY along with an increase in
aquifer net outflows of about 101,200 AFY. This is mostly attributed to the climate shift to earlier
rainfall making more surface water available for managed aquifer recharge during the winter but
less available for irrigation in the summer resulting in higher groundwater pumping. The net change
in groundwater storage is an additional decline of about 56,600 AFY due to the climate change
impacts. 2030 Climate Change simulation results indicate that the Subbasin has an average annual
overdraft of 372,120 AFY with the net change in groundwater storage showing an additional
decline of about 47,794 AFY, compared to the Baseline, due to the climate change impacts.
However, with the implementation and completion of management actions/projects as stated in the
individual management area plans and GSPs from the other GSAs in the Kern Subbasin, 2030
Climate Change simulation results indicate that the Subbasin has an average deficit of
approximately 46,829 AFY.
2.4.4.3

2070 Climate Change Water Budget

The 2070 Scenario simulates how the Subbasin aquifer would respond assuming hydrologic
conditions representing a potentially very dry climate and are based on the DWR Climate Change
Guidance (DWR 2018). The 2070 DWR climate change factors were applied to the Baseline
Scenario Conditions. Additional adjustments were made to the imported surface water supplies
from the SWP, CVP and Kern River, but these accounted for an additional 6% decrease from the
Baseline Conditions. The 2070 Climate Change Scenarios were run both with and without SGMA
Projects.
The results show a net increase in aquifer inflows of about 66,100 AFY along with an increase in
aquifer net outflows of about 231,600 AFY. This is mostly attributed to an even greater climate
shift to earlier rainfall making more surface water available for managed aquifer recharge during the
winter but less available for irrigation in the summer resulting in higher groundwater pumping.
2070 Climate Change simulation results indicate that the Kern County Subbasin has an average
annual overdraft of 472,336 AFY with the net change in groundwater storage showing an additional
decline of about 148,010 AFY due to the climate change assumptions. As indicated in the above
model simulations, with the implementation and completion of management actions/projects as
stated in the individual management area plans and GSPs from the other GSAs in the Kern
Subbasin, the 2070 Climate Change model results unfortunately still indicate a average deficit of
45,969 AFY.

2.5

Management Areas

KGA members worked together to establish management areas and watch areas within the Subbasin
to implement projects and management actions as well as better capture local groundwater
conditions. To prevent undesirable results in adjacent management areas, members have established
minimum thresholds consistent with each other. Definitions for management areas and watch areas
are as follows:
•

Management Area: Management areas are areas that will be considered against the
determination of an undesirable result at the basin level.
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•

Watch Areas: Areas with no significant groundwater use and no planned groundwater use as
documented in the management area plans. Watch areas will be monitored for land use
changes and groundwater conditions that could change its designation to a “management
area” with specified Sustainable Management Criteria.

The Subbasin consists of many entities with land use or water management authority. While a
majority of these entities are members of the KGA who have water management authority as
explained in Section 1.4, they retain their local responsibility for compliance with SGMA. The
County of Kern and municipalities located within the management areas retain their land use
jurisdiction. Ultimately the members of the KGA have the responsibility to implement projects and
management actions, as described in Section 4 of this GSP and in the individual management area
plans, to achieve sustainability within their management areas. The management areas are
summarized in Table 2-10. 2-9 and presented on Figure 2-55R. A detailed explanation of each
management area under the KGA is provided in their respective management area plans. The
following section provides a brief overview of how and why management areas were created as
well as how each area will be managed.
Management areas were created by the districts/member agencies under the KGA to support
groundwater sustainability in the Subbasin. Due to the size and variability of water supplies in the
region, 25 17 management areas and 5 watch areas were created to better manage groundwater.
While there is no one approach, majority of the management areas in the region maintain respective
district boundaries. Districts and member agencies under the KGA already maintain/manage water
rights, contracts, and governing agreements in their regions. By creating their own management
areas, Districts/members can maintain/manage maximum flexibility and control over SGMA
compliance within its service area, allowing them to implement projects and management actions
applicable to their respective areas.
Management areas are designated within the Subbasin to leverage existing relationships with water
users for local water accounting and management actions of imports; exports; water consumption
and conservation; and groundwater pumping. While most were created from district boundaries,
other management areas were developed based off groundwater and geological conditions in each
respective service area, which is why some districts have multiple management areas as shown in
Table 2-10. 2-9. These management areas will preserve groundwater management practices and
implement additional requirements set forth in this GSP. The JPA with KGA allows for each district
or member agency to establish individual management areas and manage them to support the
sustainability of the region.
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Table 2-10. (REVISED Table 2-9) Management Areas Under the Kern Groundwater Authority
Member Agency

Management Areas

Cawelo GSA

Cawelo Water District

Eastside Water Management Area (EWMA)

Eastside Water Management Area

Kern-Tulare Water District (KTWD)

Kern-Tulare Water District (in Kern County)

North Kern Water Storage District (NKWSD)

MA-1
MA-2 (Rosedale Ranch)

KCWA – Pioneer GSA (PGSA)

Pioneer GSA Management Area

Kern Water Bank Authority (KWBA)

Kern Water Bank Authority

Rosedale-Rio Bravo Water Storage District (RRBWSD)

Rosedale-Rio Bravo Management Area

Southern San Joaquin Municipal Utility District (SSJMUD)

Southern San Joaquin Municipal Utility
District

Shafter-Wasco Irrigation District (SWID)

MA-1
MA-2 (7th Standard Annex)
MA-1 (Pond Poso)

Semitropic Water Storage District (SWSD)

MA-2 (Buttonwillow)
MA-3 (GW)
North Project Management Area
South Project Management Area

West Kern Water District (WKWD)

Western Watch Area*
Lake Watch Area*
LSMV Watch Area*
Westside District WA

Westside District Authority (WDWA)

Lost Hills Watch Area*
Southwest Watch Area*

* “Watch Areas” are areas with no significant groundwater use and no planned groundwater use as documented by the management area member
agency. Watch areas will be monitored for land use changes and groundwater conditions which could change its designation to a "management
area" with specified SMCs.
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Table 2-9. Management Areas Under the Kern Groundwater Authority
No.

Management Area Plan

MA NO.

Management Areas

1

Arvin-Edison Water Storage
District (AEWSD)

AEWSD MA-1

Arvin-Edison Management
Area

2
3

Cawelo Water District (CWD)
Eastside Water Management
Area (EWMA)
Kern Water Bank (KWB)
Kern-Tulare Water District
(KTWD)

CWD MA-1
EWMA MA-1

Cawelo Water District
Eastside Water
Management Area
Kern Water Bank
KTWD Kern County
Management Area
KTWD Non-Service
Management Area
North Kern Old District
Management Area
Rosedale Ranch
Improvement District
Management Area
SWID Management Area
Pioneer GSA Management
Area
Rosedale-Rio Bravo
Management Area
White Lands within
RRBWSD
Management Area 1
Management Area 2
Management Area 3
7th Standard Annex (under
SWID’s Jurisdiction)
SSJMUD Management
Area

4
5

KWB MA-1
KTWD MA-1
KTWD MA-2

6

North Kern Water Storage
District (NKWSD) and
Shafter-Wasco Irrigation
District (SWID)

7

KCWA Pioneer GSA (PGSA)

8

Rosedale-Rio Bravo Water
Storage District
(RRBWSD)

9

Semitropic Water Storage
District (SWSD)

10

Shafter-Wasco Irrigation
District (7th Standard Rd.)
Southern San Joaquin
Municipal Utility District
(SSJMUD)
Tejon-Castac Water District
(TCWD)

11

12

NKWSD MA-1
NKWSD MA-2

SWID MA-1
PGSA MA-1
RRBWSD MA-1
RRBWSD MA-2
SWSD MA-1
SWSD MA-2
SWSD MA-3
SWID MA-2
SSJMUD MA-1

TCWD MA-1

TCWD MA-2

13

West Kern Water District
(WKWD)

WKWD MA-1
WKWD MA-2

14
15

Westside District Authority
(WDWA)
Wheeler Ridge-Maricopa
Water Storage District
(WRMWSD)

WKWD MA-3
WKWD MA-4
WDWA MA-1
WRMWSD MA-1

North of Edison
Fault/Uplands
Management Subarea
South of Edison Fault/Valley
Floor Management
Subarea
North Project Management
Area
South Project Management
Area
Lake Management Area
Western Management Area
WDWA Management Area
Wheeler Ridge-Maricopa
Management Area

207

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

This Page is Intentionally Blank

208

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Figure 2-55. Management Areas within Kern County Subbasin
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3

Sustainable Management Criteria

The Sustainable Management Criteria requirements of a GSP are defined in Subarticle 3 of the GSP
Regulations. The KGA has satisfied these requirements through the commitment of each of its
Member Agencies to the following actions:
1. Manage their respective management areas at or above their measurable objectives,
2. Manage each management area to a water budget that will collectively eliminate the KGA
Member Agencies deficit of 239,346 AFY by 2040 (see Section 2.4),
3. Implement projects and management actions identified in Section 4.0 and listed in Table 4.1.
The KGA has developed sustainable management criteria that meets the GSP Regulations and
enhances the process by including additional steps to better manage political, operational and
demographic conditions found across the Kern Subbasin. In establishing the criteria, the KGA and
its members worked with adjacent GSAs and other members to achieve as much consistency as
possible due to the different hydrologic conditions and beneficial users. The KGA process is
proactive in identifying and managing the occurrence of undesirable results to the beneficial users
identified in each management area of the Subbasin as well as considering those adjacent beneficial
users. The complexity of the Kern Subbasin required that the KGA and other Subbasin GSAs
coordinate this process that recognizes the diversity found across the Subbasin. The core of this
process is the identification of key beneficial users within each management area as well as adjacent
beneficial users and the conditions that create significant and unreasonable impacts to those
beneficial users from groundwater operations in that management area. This enhanced process
follows the following steps.
•

Sustainability Goal (SGMA Requirement) – Developed as a Subbasin wide goal for
achieving conditions of sustainability that recognizes the diversity of the hydrology and
beneficial users in the Kern Subbasin. Due to this diversity each management area could
elect to develop a supportive Sustainability Goal that specifies the objectives and desired
conditions for sustainability within a management area and the protection of beneficial users
and uses within that management area however with the consideration of adjacent beneficial
users as well as the adjacent management area/GSA.

•

Minimum Threshold Exceedances (KGA Enhancement) – Establishes a process for
identifying and addressing a single minimum threshold exceedance to proactively manage
potential degradation of groundwater conditions and impacts to beneficial users. This is
facilitated through the KGA Exceedance Action Plan. The Exceedance Policy focuses on an
area surrounding the exceedance to proactively identify and address the causes of the
exceedance, thus attempting to limit to the potential of an entire management area
exceedance (next step in the process). Even though this is a KGA policy, the KGA members
will also work with other surrounding GSAs to explore the cause and to find solutions that
limit further impacts to beneficial users and uses. In line with this, the Kern subbasin has
agreed from the onset of submitting the annual report, to identify all minimum threshold
exceedances and to address the management action to correct. This is now being supported
through the development of the Kern Subbasin data management system that enables
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managers to assess compliance within their respective management area(s) and throughout
the Subbasin.
•

Management Area Exceedance (KGA Enhancement) – Establishes the first trigger towards
an undesirable result, defining the condition by which the management area could likely
contribute to an undesirable result for the entire basin. A Management Area Exceedance
occurs when a management area exceeds minimum thresholds at 40% or more of
representative monitoring wells within a management area over four (4) consecutive biannual SGMA monitoring events, referred to as the Minimum Threshold Trigger. This also
establishes a process for the Subbasin entities to collaborate on corrective measures to
address further degradation of groundwater conditions and potential impacts to beneficial
users. This proactive approach allows the KGA to collaboratively work amongst KGA
member and with other GSAs in the Subbasin to identify and address causes of degrading
groundwater conditions to prevent the reaching an Subbasin-wide undesirable result.

•

Undesirable Results (SGMA Requirement) – In the Kern Subbasin an undesirable result is
defined as the geographic extent of minimum threshold exceedances across the entire
Subbasin, measured by the accumulation of management area exceedances. During the
development of the undesirable results for the Kern basin, it became apparent that the
basin’s hydrology and geography is so diverse that it would be necessary to have a
management project called a “Basin Study”. The Kern subbasin has just recently been
granted $2.9 million dollars to move forward with the basin study to assist in achieving an
understanding of complexity of the basin.

•

Minimum Thresholds (SGMA Requirement) – Minimum thresholds have been set at each
representative monitoring well as the point at which impacts to beneficial uses and users
become significant and unreasonable and that cannot be mitigated. Minimum thresholds are
collaboratively set with all Subbasin GSAs and are set within each management area with
the overlying managing entity to ensure that the diversity of geographic conditions and
distribution of beneficial users are considered and represented. In setting the minimum
thresholds, the KGA members considered all beneficial users and uses by having a water
well analysis as the foundation to work from. The provided an understanding of water
depths of existing wells.

•

Measurable Objectives (SGMA Requirement) – Similar to the minimum thresholds, the
measurable objectives have been set at each representative monitoring well to represent a
condition of sustainability. All KGA members have agreed and have management actions to
operate their respective management areas at or above their measurable objectives. But note
that SGMA is a 20-year process and the ability to manage to the measurable objectives is the
goal of the KGA members with their respective management actions and projects to assist in
that endeavor however at this time, most KGA members are achieving that goal.

•

As described above and demonstrated in Figure 3-1, in the Kern Subbasin, Sustainable
Management Criteria are more robust than the SGMA prescribed Undesirable Results,
Measurable Objective and Minimum Threshold. Sustainable management begins with early
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•

identification of potential minimum threshold exceedances (one exceedance) and
coordinated actions to address those early exceedances.
An undesirable result is a condition that occurs throughout the Subbasin, demonstrating that
the Subbasin is not sustainably managing groundwater conditions in the aggregate and that
impacts to beneficial users are occurring on a scale (spatially and temporally) that is
significant and unreasonable to beneficial users and groundwater managers alike. However,
the KGA and other GSAs of the Subbasin, recognize that as groundwater approaches an
undesirable result condition, exceedances of minimum thresholds will likely progressively
occur in the absence of intervention, beginning with isolated exceedances which could
impact beneficial users. A proactive approach to identifying and working with management
areas to address these conditions will help address and mitigate degrading groundwater
conditions. This approach is shown in Figure 3-1 and more fully detailed in the remainder of
this section.
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Figure 3-1 NEW. Representation of KGA Minimum Threshold Exceedance Management Policy
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3.1

Sustainability Goal

SGMA requires that a sustainability goal be defined for the basin (23-CCR § 354.22), and that the
sustainability goal be defined on a basin-wide basis. As introduced in Section 1.3, the KGA,
working with all GSAs and its member agencies in the Subbasin have developed the following
sustainability goals for the Kern County Subbasin:
•
•

•
•
•

Collectively bring the Subbasin into sustainability and to maintain sustainability over the
implementation and planning horizon.
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 as demonstrated by
monitoring and reporting groundwater conditions.
Operate within the established sustainable management criteria, which are based on the
collective technical information presented in the GSPs in the Subbasin.
Protect beneficial users for municipal and domestic drinking water supply wells

In addition, sustainability in the within the KGA will focus on maintaining the economic viability of
agriculture while also balancing the needs of all beneficial users that rely on groundwater resources.
To achieve this, KGA members manage to checkbook water budgets as well as implement projects
and management actions within their respective management areas to sustain water levels at or
above the measurable objectives to mitigate impacts to beneficial users.

3.2

Minimum Threshold Exceedances

To manage potential impacts to beneficial users from lowering groundwater levels the KGA has
developed the KGA Exceedance Action Plan into its sustainable management practices. The
Exceedance Policy calls for immediate action to address single minimum threshold exceedances at
representative monitoring wells. While a single or isolated exceedance of a minimum threshold will
not, by itself, cause a management area exceedance or undesirable result, an exceedance may be
indicative of future or trending exceedances which could result in a management area exceedance –
contributing to the undesirable results criterion. Therefore, early action to address such exceedances
is important to prevent potential continued degradation of groundwater conditions.
The KGA Exceedance Action Plan directly addresses the chronic lowering of groundwater levels
since beneficial users in the Subbasin are most impacted by groundwater levels. Within the
management areas of the KGA, the Exceedance Policy also addresses reduction in groundwater
storage and degradation of water quality, as a proxy.
The following four-step action plan has been developed to address a minimum threshold
exceedance for the chronic lowering of groundwater levels at a single representative monitoring
well, including coordination between KGA management areas and/or other GSAs.
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1. Identify Exceedance and Investigate the Representative Monitoring Well Area:
After each annual report, the KGA managers team will review data and identify any
exceedances of minimum thresholds for each RMW and will compile a summary of
minimum threshold exceedances, as noted in the annual report, for review by the KGA
Board.
Various conditions surrounding the representative monitoring well will be considered. For
example: Are water levels declining in nearby wells? If so, how large of an area is affected?
Has a new well been installed nearby or localized groundwater extraction increased? Is the
problem related to area-wide drought conditions? Has local demand increased? If increased
demand is responsible for the exceedance, then is a sustainable water budget needed and/or
being adhered to in the area?
2. Evaluate Outside Management Area Plan Contributing Factors:
Provided that aquifer connectivity exists between MAP areas and groundwater impacts cross
MAP boundaries, declining groundwater levels in an area may be the result of operations in
an adjacent MAP and/or an adjacent GSA. In this situation, the KGA member may not be
able to resolve any exceedances unilaterally. KGA members in adjacent MAPs agree to
coordinate. Updates or proposals will be reported back to the KGA board at a regular board
meeting thus providing transparency.
3. Consider Developing Management Actions and/or Projects:
Any KGA member with a minimum threshold exceedance may develop or modify existing
management actions or projects to mitigate a minimum threshold exceedance and avoid
undesirable results (“mitigation plan”). Any mitigation plan should be submitted to the KGA
managers team for review. The mitigation plan along with any KGA managers team
comments will be submitted to the KGA Board. To the extent the mitigation plan includes
any new management actions, any proposed modifications to an existing management action
or new projects, the KGA will consider how those changes will be incorporated into any
update to the KGA GSP and the annual report.
4. Consider Enforcement Plan:
In the event of a management area exceedance the KGA member or contributing member(s)
will consider developing and/or implementing policies and programs intended to eliminate
or mitigate the exceedance (enforcement plan). The enforcement plan(s) must be submitted
to the KGA and the KGA will have 90 days to determine whether the enforcement plan is
sufficient to demonstrate the avoidance of undesirable results. If no enforcement plan is
submitted to KGA, the KGA Board may recommend policies or programs to the member(s)
that could, in its discretion, take to remedy the existence of a management area
exceedance(s) and to avoid undesirable results.

3.3

Management Area Exceedance

Within the Kern Subbasin a Management Area Exceedance occurs when a management area
exceeds minimum thresholds at 40% or more of representative monitoring wells within a
management area over four (4) consecutive bi-annual SGMA monitoring events, referred to as the
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Minimum Threshold Trigger. Once a management area triggers the Management Area Exceedance,
the management area will be counted towards the calculation of an undesirable result for the entire
Subbasin.
The Management Area Exceedance criteria applies to Chronic Lowering of Groundwater Levels
and by proxy to Reduction of Groundwater Storage, and Degraded Water Quality. Land Subsidence
is considered as the rate of subsidence at California Aqueduct and the Friant-Kern Canal, as
explained Section 3.4.5. Table 3-1 shows the total number of representative monitoring wells in
each Subbasin management area for groundwater levels and the number of which would have to
exceed their respective minimum threshold to for the management to trigger a Management Area
Exceedance.
Table 3-1 NEW. Kern Subbasin Management Area Exceedances Information
# of
Representative
Wells

# of Well Exceedances
to Trigger
Management Area
Exceedance Criteria

Acres in
Management
Area

Percentage of
Subbasin

Cawelo GSA

7

3

62,616

3.5

Eastside Water Management Agency

6

2

38,222

2.1

Kern-Tulare Water District (in Kern)

6

2

11,219

0.6

MA-1 (Old District)

8

4

61,741

3.4

MA-2 (RRID)

2

1

5,802

0.3

KCWA-Pioneer GSA

5

2

2,233

0.1

Kern Water Bank Authority

0

0

20,490

1.1

Rosedale-Rio Bravo WSD

19

8

48,610

2.7

Southern San Joaquin MUD

10

4

65,693

3.7

Shafter-Wasco Irrigation District

7

3

39,980

2.2

7th

3

2

10,045

0.6

MA-1 (Pond Poso)

6

2

82,638

4.6

MA-2 (Buttonwillow)

5

2

92,633

5.2

MA-3 (Undeveloped)

2

1

49,140

2.7

North Project MA

6

2

521

0.0

South Project MA

17

7

889

0.0

Western Watch Area 1

n/a

n/a

183,128

10.2

Lake Watch Area 1

n/a

n/a

653

0.0

LSMV Watch Area 1

n/a

n/a

1,947

0.1

3

0

195,263

10.9

KGA Management Area

North Kern WSD

Standard Annex

Semitropic GSA

West Kern GSA

Westside Districts Water Authority
Westside District MA
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# of
Representative
Wells

# of Well Exceedances
to Trigger
Management Area
Exceedance Criteria

Acres in
Management
Area

Percentage of
Subbasin

Lost Hills Watch Area 1

n/a

n/a

33,191

1.9

Southwest Watch Area 1

n/a

n/a

48,739

2.7

n/a

n/a

210,034

11.7

KGA Management Area

Non-District White Lands Watch Areas 1

“Watch Areas” are areas with no significant groundwater use and no planned groundwater use as documented by the management area
member agency. Water areas will be monitored for land use changes and groundwater conditions which could change its designation to a
“management area” with specified SMCs.

3.23.4 Undesirable Results
Undesirable results for each sustainability indicator have been developed through a collaborative
process with all the GSAs in the Subbasin, compliant with GSP emergency regulations, which state
that undesirable results are to be defined consistently throughout the basin (23-CCR § 354.20).
Seawater intrusion and depletion of interconnected surface water were determined not to be present
in the Subbasin; therefore, undesirable results for these sustainability indicators were not defined.
Justification for these determinations is provided in Sections 3.2.4 and 3.2.5.
The undesirable results developed for this Subbasin represent a condition creating of significant and
unreasonable impacts to the beneficial uses and users of groundwater over a broad area of the
Subbasin. The undesirable results definition for the Subbasin allows flexibility for each
management area within the Subbasin to define minimum thresholds that protect against significant
and unreasonable impacts to the beneficial uses and users of groundwater within specific
management areas and as was stated in Section 3, the KGA members used as a foundation for a well
impact analysis for all beneficial users and uses. The minimum thresholds within a management
area , which define undesirable results, have also been coordinated with other management areas
and/or other GSAs to ensure coordination and reasonable operating conditions between
management areas.that undesirable results are avoided across management areas and over broad
areas of the Subbasin. Each management area plan provides details for minimum thresholds for
their respective management areas and how an exceedance of those will be mitigated should they
occur.
3.4.1 Criteria Used to Define Undesirable Results
Defining the point of a Subbasin level undesirable result begins with a defined level of significant
and unreasonable impacts to beneficial users, both spatially and temporally, within each
management area of the Subbasin. The accumulation of impacts to beneficial users throughout the
Subbasin, and across multiple management areas, representing a persistent and prevalent occurrence
of impacts to beneficial users is considered an undesirable result.
For Chronic Lowering of Groundwater Levels, Reduction of Groundwater Storage and Degraded
Water Quality the Kern Subbasin has defined the occurrence of an undesirable results as the level of
impacts affecting either:
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•

15% of the Subbasin area, measured as the combined acres of three adjacent management
areas with Management Area Exceedances, or

•

30% of the Subbasin area, measured as the combine acres of any management area with
Management Area Exceedances.

The criterion of three adjacent management areas of at least 15% of the Subbasin was developed to
recognize a condition where degrading groundwater conditions from one management area spreads
to adjacent management areas. This criterion recognizes that even the lesser percentage of the
Subbasin (15%) as a contiguous area is significant with regards to the potential for further
degradation of groundwater conditions across the Subbasin. The criterion of 30% of the Subbasin
(generally noncontiguous management areas) recognizes a condition of widespread degradation of
groundwater conditions across the whole of the Subbasin and across a diverse demographic of
beneficial users, operational and geologic landscape.
Figure 3-2 provides an example of the occurrence of an undesirable result when Management Area
Exceedances have occurred in at least three (3) adjacent management areas that represent at least
15% of the Subbasin (as measured by the acreage of each management area). In this example three
management areas which are adjacent to each other are designated as Management Area
Exceedances (defined in Section 3.3) and whose management areas account for more than 15% of
the Subbasin.
Figure 3-3 provides an example of the occurrence of the undesirable result criteria when
Management Area Exceedances have occurred in greater than 30% of the Subbasin (as measured by
the acreage of each management area). In this illustrative example seven (7) separate management
areas are experiencing Management Area Exceedance areas (defined in Section 3.3) and the
combined acreage accounts for more than 30% of the Subbasin. This criterion recognizes a large
spread degraded of groundwater conditions across the whole of the Subbasin and across a diverse
demographic of beneficial users, operational and geologic landscape. As the Kern subbasin GSAs
were working through the criteria to define undesirable results, key characteristics of the basin that
played an important role in the definitions were:
1. One important characteristic is the size of the basin and variation in hydrology and geology
from the west side of the basin differs from the east side, as does the north boundary line to
the south, and neither direction responds exactly the same to groundwater activities.
2. Another important characteristic is the scattering of beneficial users and uses as well as in
some cases having no beneficial users and uses in some areas. This characteristic in some
cases is even diverse between adjacent management areas. For example, one area has
domestic beneficial users and the adjacent management area might have no beneficial users.
As the development of the definitions was moving forward, it became very apparent that there exist
data gaps where the Basin Study would assist in more accurate approach and direction for the
update GSPs in 2025.
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Within the KGA, the criteria used to characterize an undesirable result within each management
area was developed by each member of the KGA for their respective management area(s), which is
also coordinated with other management areas and/or GSAs to prevent impact to neighboring areas
of the Subbasin and ensure that all areas can be sustainably managed. In all cases the undesirable
result is defined as occurring when minimum thresholds within a management area are exceeded at
representative monitoring sites. However, the exceedance of a minimum threshold at a single
representative monitoring site does not constitute an undesirable result for the Subbasin. Each
management area has defined the criteria for the number of representative monitoring sites to
exceed their minimum threshold for the management area to become an undesirable result watch
area and potentially an undesirable result at the basin level. For example, a management area may
adopt criteria specifying that if 50% of the representative monitoring sites within the management
area exceed their minimum thresholds it becomes an undesirable result watch area. The criteria used
to define undesirable results for each management areas varies and is explained in each individual
management area plans
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Figure 3-2 NEW. Example of Undesirable Results Criteria for 15% of Subbasin.
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Figure 3-3 NEW. Example of Undesirable Results Criteria for 30% of Subbasin.
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3.2.13.4.2

Undesirable Result for Chronic Lowering of Groundwater Levels

The basin-wide definition for undesirable results for chronic lowering of groundwater levels is as
follows:
The point at which significant and unreasonable impacts over the planning and
implementation horizon, as determined by depth/elevation of water, affect the reasonable and
beneficial use of, and access to, groundwater by overlying users.
This is determined when the minimum threshold for groundwater levels are exceeded in at
least three (3) adjacent management areas that represent at least 15% of the Subbasin or
greater than 30% of the Subbasin (as measured by each management area). Minimum
thresholds shall be set by each of the management areas through their respective management
area plans or Groundwater Sustainability Plans.
This undesirable result definition at the Subbasin level provides flexibility at the management area
level to identify the appropriate users and uses of groundwater and the levels of impacts important
in that area of the Subbasin. Consistent with DWR’s Draft BMP for Sustainable Management
Criteria, the Subbasin recognizes that: “overdraft during a period of drought is not sufficient to
establish a chronic lowering of groundwater levels if extractions and groundwater recharge are
managed as necessary to ensure that reductions in groundwater levels or storage during a period of
drought are offset by increases in groundwater levels or storage during other periods.” The Subbasin
has agreed that a drought period of greater than 10-years would constitute prolonged drought and
the lowering of groundwater levels or groundwater storage to below minimum thresholds resulting
from a prolonged drought will not constitute an undesirable result.
The Subbasin is trying to avoid widespread occurrence of groundwater levels declining below the
minimum thresholds, which indicates the Subbasin is not sustainably managing groundwater
conditions in the aggregate and that beneficial users could be affected on a spatial and temporal
scale that it too substantial to mitigate. If groundwater levels approach the minimum threshold,
isolated exceedances will likely occur and is expected to progressively occur in multiple wells if
there is no intervention. To avoid a widespread occurrence of MT exceedances, the KGA
established an Action Plan Related to Exceedance of Minimum Thresholds for Chronic Lowering of
Groundwater, which is a proactive approach to identifying and working with management areas to
address a single, isolated exceedance. If intervention at a single MT exceedance is unsuccessful, a
Management Area Exceedance may be triggered, which could trigger a Subbasin-wide undesirable
result.
As described above, an undesirable result for chronic lowering of groundwater levels occurs when a
combination of management areas reaches Management Area Exceedance status, totaling 15% or
30% of the Subbasins acreage, as described above. This undesirable results criterion recognizes a
large spread of chronic groundwater level declines across the whole of the Subbasin and across a
diverse demographic of beneficial users, operational, and geologic landscape that significantly and
unreasonably impacts beneficial users.
As was described in the beginning of Section 3, the KGA has several steps to prevent the basin from
realizingexperiencing the undesirable result for chronic lowering of groundwater levels. KGA
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members have agreed to manage to the measurable objectives and if not successful, when one
exceedance occurs there is a call to action to determine the cause and seek a remedytake corrective
action(s) thus limiting impacts to the surrounding beneficial users and uses. KGA members also
have management actions and projects within their individual management areas to accomplish this
goal during the implementation period and beyond.
Within the Subbasin, a management area will be considered an undesirable result watch area for the
chronic lowering of groundwater levels when it exceeds its minimum threshold criteria, as
determined by each management area. For example, one management area can be considered an
undesirable result watch area when 51% of the representative monitoring sites in the management
area violates their minimum threshold for groundwater levels. Similarly, another management area
can set this at 75% of their representative monitoring sites. However, if multiple undesirable result
watch areas meet the criteria for a Subbasin undesirable result, as defined above, the Subbasin
would be experiencing an undesirable result. To prevent the Subbasin from triggering an
undesirable result as defined above, once an undesirable results watch area occurs, the Kern SGMA
Coordination Committee will review and may provide direction to the effected management area(s).
Establishment of specific measurable objectives and minimum thresholds based on the above
definition for this undesirable result can be found in Section 3.3 and with additional regional detail
provided within each management area plan.
3.2.1.13.4.2.1

Potential Cause of Chronic Lowering of Groundwater Levels

Section 354.26(b)(1) of the GSP Regulations requires identification of potential causes of an
undesirable result for each sustainability indicator. Potential causes of undesirable results for
chronic lowering of groundwater levels vary throughout the Subbasin. Lowering groundwater levels
can be attributed to increased groundwater pumping, reduced imported water supplies, reduced
groundwater inflows from adjacent areas, and/or climate change that results in more frequent and
extreme droughts and dry periods. Because of the size for the Kern subbasin and the geology and
hydrology, each management area is not created equally and thus for more specific information
regarding their specific cause of chronic lowering of groundwater levels in the regions of the
Subbasin, refer to the management area plans. None of the KGA management areas have any other
causes than are mentioned in this section however some management areas have different beneficial
users and uses that are more dominate and have indicated that in their specific management area
plans as well as how their will limit impacts to those users and uses.
3.2.1.23.4.2.2

Potential Effects of Chronic Lowering of Groundwater Levels

Section 354.26(b)(3) of the GSP regulations requires identification of potential effects of an
undesirable result for chronic lowering of groundwater levels. Potential effects of an undesirable
result due to the chronic lowering of groundwater levels is the potential to affect the reasonable and
beneficial use of, and access to, groundwater by overlying beneficial users. As previously
mentioned, the beneficial uses and users of water varies across the Subbasin and each management
area plan address the potential effects on those uses and users. Also, as previously mentioned, these
plans are coordinated to avoid impacts to the neighboring GSAs or management areas. As
mentioned in Section 2.5 Management Areas and the reason why management areas were
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established, for more detailed information on how the effects or impacts to the beneficial users
concerning the chronic lowering of groundwater levels in specific areas refer to the individual
management area plans.
3.2.23.4.3

Undesirable Result for Reduction of Groundwater Storage

The basin-wide definition of an undesirable result for reduction of groundwater storage is as
follows:
The point at which significant and unreasonable impacts, as determined by the amount of
groundwater in the basin, affect the reasonable and beneficial use of, and access to,
groundwater by overlying users over an extended 10-year drought period.
This is determined when the volume of storage (above the groundwater level minimum
threshold) is depleted to an elevation lower than the groundwater level minimum threshold in
at least three (3) adjacent management areas that represent at least 15% of the subbasin or
greater than 30% of the subbasin (as measured by the acreage of each management areas).
Minimum thresholds shall be set by each of the management area through their respective
management area plans or Groundwater Sustainability Plans.
Groundwater storage is coordinated and collaborated across the Subbasin, based on groundwater
modeling budgets (historical, baseline and projected). To protect groundwater in storage, KGA
Members are managing to their MO, which provides sufficient groundwater to manage through a
10-year drought condition before water levels decline to the MT. Considering the Kern Subbasin’s
capacity to store water is plentiful, and that the MT for chronic lowering of groundwater levels was
set to avoid significant and unreasonable impacts to beneficial users, when used as a proxy for
groundwater in storage, groundwater levels are inherently protective of the groundwater storage. An
undesirable result in the Kern Subbasin has been defined for the reduction of groundwater storage
as a condition that occurs throughout the Subbasin which represents unsustainable management of
basin-wide groundwater resources. This begins with a defined level of significant and unreasonable
impacts to beneficial users from reduced groundwater storage, both spatially and temporally, in the
Kern Subbasin as well as within each management area of the Subbasin. The accumulation of
impacts to beneficial users throughout the Subbasin, and across multiple management areas,
representing a persistent and prevalent occurrence of impacts to beneficial users that is considered
an undesirable result. Refer to Figures 3-2 and 3-3 for applied examples of the undesirable results
criteria for reduction of groundwater storage.
Because of the history of the Kern subbasin actively recharging the basin since the early 1950s and
being the first agricultural county to execute contracts on the State Water Project back on November
16, 1963, groundwater storage is vital to the Kern subbasin. The Kern subbasin has a history of
storing millions of acre feet of water in wet water years to limit the reduction of groundwater
storage. This practice has allowed all beneficial users and uses the benefit of costs associated to
power costs that are associated to extraction of groundwater, meaning that with recharging activities
the beneficial users will pay less in power extraction costs. Using the new developed website from
DWR called California Groundwater Live: reported dry wells, the Kern subbasin since 2015
(SGMA start date) has seen only 18 wells that have been reported, and no municipal well in that
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number. This provides some insight into the ability to store and thus limit the reduction of
groundwater stored. Note that this timeline, covered the last drought period.
Another item to note, is the hydrology and geology of the Kern subbasin is so complex that data
gaps are very apparent. The Kern subbasin’s base of fresh water is below the set of the minimum
thresholds and the Basin Study will assist in providing concrete data to support that assumption
during the development and submittal of the updated 2025 GSP. Also, during the development and
submittal of the annual reports, the Kern subbasin re-evaluates the groundwater storage in volume
amount and with the grant funds now available to begin the Basin Study, the Kern subbasin is
working to have in the updated 2025 GSPs, volume data on groundwater storage that is accurate.
During the development of the 2020 GSPs, the Kern subbasin acknowledged the data gaps and thus
the updated GSPs will provide groundwater storage in volume based on the new calibrated water
model that will come from the Basin Study.
As with chronic lowering of groundwater levels, the above basin-wide definition allows for local
determination of potentially effected uses and users and the level of impacts important to the
various management areas in the Subbasin. As groundwater levels are used as proxy for
groundwater storage, an undesirable result watch area for reduction of groundwater storage is
defined similar to the undesirable result watch area for chronic lowering of groundwater levels.
Establishment of specific measurable objectives and minimum thresholds based on the above
definition for this undesirable result can be found in Section 3.3 and with additional regional detail
provided within each management area plan.
3.2.2.13.4.3.1

Potential Cause of Reduction of Groundwater Storage

Section 354.26(b)(1) of the GSP regulations requires identification of potential causes of
undesirable results for each sustainability indicator. Potential causes of an undesirable result for
reduction of groundwater storage vary throughout the Subbasin, specifically the volume of storage
needed to manage to a 10-year drought condition while maintaining groundwater levels at or above
the minimum threshold for chronic lowering of groundwater levels. Although the SGMA
regulations state drought conditions cannot trigger an undesirable result, the KGA members
developed undesirable result definitions with consideration of how best to manage to a 10-year
drought condition. To protect groundwater storage, the KGA members are using their water budgets
to manage at or above the measurable objective and sustainably manage through a 10-year drought.
Thus, difference between the measurable objective and minimum threshold equates to the volume
of groundwater storage needed to sustainably manage through a 10-year drought. Reduction of
groundwater storage can be attributed to increased groundwater pumping; reduced imported water
supplies; reduced surface water and banking; reduced groundwater inflows from adjacent areas;
and/or climate change that results in more frequent and extreme droughts and dry periods. Similar
to the chronic lowering of groundwater levels, for more specific areas of the Subbasin and to
determine the potential cause of reduction of groundwater storage, refer to the management area
plan for the specific area.
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3.2.2.23.4.3.2

Potential Effects of Reduction of Groundwater Storage

Section 354.26(b)(3) of the GSP regulations requires identification of potential effects of an
undesirable result for reduction of groundwater storage. Potential effects of reduction of
groundwater storage could lead the limited groundwater availability during a prolonged drought
with impacts to beneficial users and uses in high power costs, construction of wells to accommodate
the reduction and possible relocation of some water wells.
3.2.33.4.4

Undesirable Result for Degraded Water Quality

The basin-wide definition of an undesirable result for degraded water quality is as follows:
The point at which significant and unreasonable impacts over the planning and
implementation horizon, as caused by water management actions, that affect the reasonable
and beneficial use of, and access to, groundwater by overlying users.
This is determined when the minimum threshold for a groundwater quality constituent of
concern is exceeded in at least three (3) adjacent management areas that represent at least
15% of the subbasin or greater than 30% of the designated monitoring points within the basin.
Minimum thresholds shall be set by each of the management areas through their respective
management area plans or Groundwater Sustainability Plans.
As with chronic lowering of groundwater levels, the above basin-wide definition allows for local
definition, within each management area of the Subbasin, of the minimum thresholds that constitute
a significant and unreasonable impact to the beneficial users within each management area and due
to the hydrology and geology of the basin as well as the size of the basin it provides more accurate
specific setting of the minimum thresholds that will accomplish the compliance of SGMA.
Similar to reduction of groundwater storage, groundwater levels are also used as a proxy for
degraded water quality in some management areas. As with the previous sustainability indicators,
an undesirable result in the Kern Subbasin for the degraded water quality represents a condition that
occurs throughout the Subbasin representing unsustainable management of basin-wide groundwater
resources. This begins with a defined level of significant and unreasonable impacts to beneficial
users from degraded water quality conditions, both spatially and temporally, within each
management area of the Subbasin. The accumulation of defined water quality impacts to beneficial
users throughout the Subbasin, measured as a Management Area Exceedance, representing a
persistent and prevalent occurrence of impacts to beneficial users is considered an undesirable
result. Refer to Figures 3-2 and 3-3 for applied examples undesirable results criteria for reduction of
reduction of water quality.
Establishment of specific measurable objectives and minimum thresholds based on the above
definition for this undesirable result can be found in Section 3.3.
An overview of the existing water quality conditions in the Subbasin is provided in the basin setting
section of this GSP. More specific information regarding current water quality conditions can be
found in each individual management area plan. Additionally, details of the water quality
monitoring in the KGA can be found in Section 3.6.7.2. 3.4.7.2.
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3.2.3.13.4.4.1

Potential Cause of Degraded Water Quality

Section 354.26(b)(1) of the GSP regulations requires identification of potential causes of
undesirable results for each sustainability indicator. Potential causes of an undesirable result for
degraded water quality vary throughout the Subbasin. Water quality in the Subbasin has been
historically sustainable with few exceptions. In the future, water quality can be degraded by
significant increase in groundwater pumping or unforeseen point source contamination issues
caused by natural or human activity. Each management area plan addresses the cause of degraded
water quality in their management area differently since the Subbasin has dynamic differences in
hydrology and water supplies and uses. For detailed causes of degraded water quality in a specific
area, refer to the management area plans.
3.2.3.23.4.4.2

Potential Effects of Degraded Water Quality

Section 354.26(b)(3) of the GSP regulations requires identification of potential effects of an
undesirable result for degraded water quality. An undesirable result for degraded water quality
could affect beneficial users. This could potentially reduce the amount of usable supply delivered to
groundwater users and require the need for treatment systems, which could potentially have a
negative economic effect. As mentioned above for the cause of degraded water quality, the effects
or impacts vary in the Subbasin and the management area plans provide more detailed information
for their specific areas.
3.2.43.4.5

Undesirable Result for Land Subsidence

The basin-wide definition of an undesirable result for land subsidence is as follows:
The point at which significant and unreasonable impacts, as determined by a subsidence rate and
extent in the basin, that affects the surface land uses or critical infrastructure.
This is determined when subsidence results in significant and unreasonable impacts to critical
infrastructure as indicated by monitoring points established by a basin wide coordinated GSP
subsidence monitoring plan.
An undesirable result for land subsidence is further identified as the occurrence of a single
minimum threshold exceedance along either the Aqueduct or the Friant-Kern Canal. The minimum
thresholds for the Aqueduct are detailed in the white paper in Attachment G3. See the Friant-Kern
white paper (Attachment G4) for a detail discussion the minimum thresholds for that facility.
CA Aqueduct
The California Aqueduct (Aqueduct) has been identified as regional critical infrastructure on the
west side of the Subbasin. The Subbasin definition of an undesirable result for land subsidence is
the point at which the amount of inelastic subsidence, if caused by SGMA-related Subbasin
groundwater extractions, creates a significant and unreasonable impact (requiring either retrofitting
or replacement to a point that is economically unfeasible to the beneficial users) to surface land uses
or critical infrastructure. A significant loss in functionality that could be mitigated through
retrofitting and is considered economically feasible to the beneficial users would not be considered
undesirable.
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Friant-Kern Canal
An undesirable result for land subsidence is defined as the point at which the amount of inelastic
subsidence, if caused by Subbasin groundwater extractions, creates a significant and unreasonable
impact to surface land uses or critical infrastructure. A significant and unreasonable impact to the
FKC is determined when the flow capacity through the Lower Reach is reduced to capacities below
historical operational flow capacities over the previous 10 years, impacting surface land uses of
available water supplies, as a result of groundwater extractions from agricultural, domestic,
municipal, or urban beneficial users within the Kern County Subbasin.
As with chronic lowering of groundwater levels, the above basin-wide definition allows for local
definition, within each management area of the Subbasin, of the minimum thresholds that constitute
a significant and unreasonable impact to the reasonable and beneficial use of groundwater by
overlying users. However, as described in Section 3.3.3, the determination of minimum thresholds
for land subsidence has not been completed for the Subbasin and is identified as a data gap. While it
is generally acknowledged that subsidence exists in portions of the Subbasin, there are generally no
significant impacts to infrastructure within the Subbasin. It is unclear whether subsidence occurring
in the northern portion of the Subbasin is the results of groundwater pumping from within the
Subbasin or from the Tule and Tulare Lake subbasins to the north, where subsidence has been
documented to significantly impact critical water infrastructure. As detailed in the monitoring plan,
the KGA along with the other GSAs in the Subbasin will develop a joint subsidence monitoring
program to better understand the cause and impacts of subsidence. The intent of the KGA and the
other GSAs in the Subbasin is to develop minimum thresholds for subsidence for inclusion in the
2025 GSP update. The Monitoring Network section of this GSP provides a description of the
proposed basin-wide land subsidence monitoring strategy that has been adopted by the KGA and all
other GSAs in the Subbasin.
Establishment of specific measurable objectives and minimum thresholds based on the above
definition for this undesirable result can be found in Section 3.5 and within each management area
plan. Additional details on subsidence monitoring can be found in 3.4.7.43.6.7.4.
3.2.4.13.4.5.1

Potential Cause of Land Subsidence

Section 354.25(b)(1) of the GSP regulations requires identification of potential causes of an
undesirable result for land subsidence. Potential causes of land subsidence vary throughout the
Subbasin. A variety of subsurface conditions and mechanisms, not all completely understood, can
cause subsidence. A relatively minor amount of subsidence over a wide area can be insignificant
and/or imperceptible, whereas a significant amount of localized subsidence can create an
unreasonable impact to overlying infrastructure. Although groundwater extractions for agricultural
or other uses have potential under limited conditions to cause subsidence, recent studies conducted
by Management Areas on the west side and the KGA have identified soluble soils, natural
differential compaction and oil and gas production activities as potential contributors to subsidence
along the Aqueduct. None of the subsidence modes besides groundwater extraction for agricultural
and other Management Area beneficial uses are within the control or jurisdiction of Subbasin GSAs.
Identifying the subsurface conditions and mechanisms causing subsidence in the Subbasin will be a
critical first step to managing current and future impacts and identifying appropriate management
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actions. While subsidence is not a widespread issue in the Subbasin, potential causes for future
subsidence could be tied to significant increases in groundwater pumping, resulting in dewatering of
compressible clays in the subsurface. Recent reports of damage to critical infrastructure due to land
subsidence are provided in detail in the management area plans. Data gaps and challenges to setting
sustainable management criteria and monitoring for undesirable results due to land subsidence are
presented in Section 3.4.
3.2.4.23.4.5.2

Potential Effects of Land Subsidence

Section 354.26(b)(3) of the GSP regulations requires identification of potential effects of an
undesirable result for land subsidence. Potential effects of land subsidence include damage to
critical infrastructure including pipelines, roads, building, water conveyance systems, and flood
control facilities. In the Kern Subbasin, the most sensitive infrastructure is the California Aqueduct
and Friant-Kern Canal. Damage to these systems could impact surface water deliveries, resulting in
increased groundwater use.
3.2.53.4.6

Seawater Intrusion

The Subbasin is located approximately 60 miles from the Pacific Ocean, separated by the Coastal
Range and other geologic features that prevent seawater from migrating into the Subbasin. Details
of the geologic structure of the Subbasin can be found in the basin setting of this GSP. Based on the
separation of the Subbasin from any source of seawater, the Subbasin has not developed sustainable
management criteria for this sustainability indicator.
3.2.63.4.7

Interconnected Surface Water

As defined in the California Code of Regulations (§ 351. Definitions), “Interconnected Surface
Water” refers to water that is hydraulically connected at any point by a continuous saturated zone to
the underlying aquifer and the overlying surface water is not completely depleted.” A discussion on
interconnected surface water is included in Section 2.3.5. As there are no known natural
interconnected surface water systems within the KGA boundary, this sustainability indicator is not
included in this GSP.

3.33.5 Minimum Thresholds and Measurable Objectives
The SGMA planning effort began in 2013, prior to the enactment of SGMA, as districts in the
Subbasin recognized the need to begin coordination of groundwater management activities. The
initial efforts focused on developing an understanding of the significant issues facing groundwater
management at the Subbasin and at the district level. Particularly important to this process was
understanding the unique conditions that existed in the Subbasin. These conditions include, but are
not limited to:
•

Not all management areas district’s or areas have equal access to groundwater resources
(quantity or quality).
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•

Each management area district has variable imported or local water supplies (State Water
Project, Friant Project, Kern River) each with their own management and reliability
challenges.

•

The ability to implement water management programs within management areas district’s
varies by the authorities of the managing entity district and in some cases challenges
coordination between districts.

•

The beneficial uses and users of groundwater varied across the Subbasin.

Despite these unique conditions, the management areas districts within the Subbasin understood the
need to coordinate the development of groundwater management activities and common technical
methods materials on which to develop future management activities.
The KGA was formed under a JPA in 2017 and through that process the KGA/GSA Managers
Group was formalized. The KGA/GSA Managers Group includes representatives from all KGA
member agencies, typically the district general managers and technical experts, as well as
representatives from each of the other GSAs developing a GSP in the Subbasin; Kern River GSA,
Buena Vista GSA, Henry Miller GSA, and Olcese GSA and South of Kern River GSAs. The
measurable objectives and minimum thresholds within the Subbasin were developed in a
collaborative process, starting with the KGA/GSA Managers Group. The Managers Group has been
meeting on a weekly basis to address coordination issues; develop and share technical information;
identify and resolve potential conflicts; the development of all the annual reports: and, where
appropriate, elevated issues to the Board of Directors of their respected GSAs and/or the Kern
SGMA Coordination Committee comprised of representatives of all GSAs in the Subbasin.
Through the Managers Group, the process for developing minimum thresholds and measurable
objectives for the entire subbasin was initiated. This process involved review of the SGMA
requirements for thresholds and objectives, including their relationship and coordination to
management areas; presentation of technical methods for establishing thresholds and objectives; and
coordination between districts and GSAs through the establishment of draft and final thresholds and
objectives.
The process was facilitated by the KGA/GSA Planning Manager and technical team with input and
identification of issues from member agencies and GSA representatives. The general process for
developing minimum thresholds and measurable objectives is outlined below:
Step 1: Regulatory and technical review of minimum threshold and measurable objectives
requirements.
• KGA/GSA Managers Group: Provided overview of regulatory and technical requirements.
• Member agencies and GSA representatives and technical consultants: Sharing of
technical approaches to establishing thresholds and objectives for their respective
management areas.
Step 2: Defining roles and responsibilities for GSAs and management areas (district areas).
• KGA/GSA Managers Group: Presentations on roles and responsibilities for managing
resources through proposed thresholds and objectives.
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•

Member agencies and GSA representatives and technical consultants: Identification of
potential management area conflicts and opportunities for joint resource management
strategies.

Step 3: Development of first draft minimum thresholds and measurable objectives for all Subbasin
management areas.
• KGA/GSA Managers Group: Facilitate review of draft thresholds and objectives,
including development of contour maps and cross-sections of thresholds and objectives.
• Member agencies and GSA representatives and technical consultants: Develop and
execute technical approach for developing thresholds and objectives with presentation to the
KGA Managers Group for review.
Step 4: Development of second draft thresholds and objectives for all Subbasin management areas.
• KGA/GSA Managers Group: Facilitate review of draft minimum thresholds and
measurable objectives, including development of contour maps and cross-sections of
thresholds and objectives.
• Member agencies and GSA representatives and technical consultants: Develop and
execute technical approach for developing thresholds and objectives and presentation to the
KGA Managers Group for review. Identify areas of potential conflicting minimum
thresholds and measurable objectives in adjacent management areas and coordinate
resolution with adjacent management area.
Step 5: Adoption of final minimum thresholds and measurable objectives.
• KGA/GSA Managers Group: Facilitate review of final thresholds and objectives and
presentation of thresholds and objectives to KGA Board of Directors.
• Member agencies and GSA representatives and technical consultants: Resolve any
outstanding conflicts and review thresholds and objectives with management area Boards of
Directors and stakeholder groups
• GSA Boards: KGA/GSA managers presented to their specific boards for policy board
approval
As demonstrated in the steps above, the KGA/GSA Managers Group facilitated the coordination
and review of the Subbasin’s minimum thresholds and measurable objectives. The technical work
required to establish thresholds and objectives at the management area level was completed by the
member agencies or GSAs. For the details of the technical processes utilized by KGA member
agencies see their respective management area plans. One item to note, that during this entire
process the KGA held several stakeholder/beneficial users workshops to roll-out the minimum
thresholds and measurable objectives for their input at each step. Also, at the KGA Board meetings,
the minimum thresholds and measurable objectives appeared as discussion items.
All KGA Management Areas used a Well Impact Study to identify beneficial uses and users within
each management area that reflects the types of users that actively rely on local groundwater
resources and those that can be directly affected by groundwater management, impacts of operating
at proposed Measurable Objectives (MO), and impacts of exceeding Minimum Thresholds (MT).
Each MAP provides the details of the data and methodology applied to the Well Impact Study
specific to that management area and identifies an estimate of potential impacts to beneficial users
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(in terms of dewatered wells) if groundwater elevations reach the MO and MT in the management
area. Table 3-2 provides a tabular summary and Figure 3-4 shows a graphic summary of the number
of wells for each beneficial use category (M-municipal, D-domestic, A-agricultural) and the
potential impact to each category as a percent of wells that could be dewatered at the measurable
objective. Table 3-3 shows a tabular summary of Figure 3-5 shows a graphic summary of the
percent of wells that could be dewatered at the minimum threshold.
Table 3-2. Tabular Summary of Wells Potentially Dewatered at the Measurable Objective

M= Municipal, D= Domestic, and A=Agricultural
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Figure 3-4. Graphic Summary of Wells Potentially Dewatered at the Measurable Objective
Table 3-3. Tabular Summary of Wells Potentially Dewatered at the Minimum Threshold

M= Municipal, D= Domestic, and A=Agricultural
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Figure 3-5. Graphic Summary of Wells Potentially Dewatered at the Minimum Threshold

KGA Representative Monitoring Wells
Table 3-5 provides a list of the KGA groundwater level Representative Monitoring Wells with the
MT and MO, as approved in June 2022. This table also shows where groundwater level is a
representative proxy for water quality and land subsidence. Across the Subbasin, water levels are
used as a proxy for groundwater in storage. There is also a column with a brief summary from each
management area describing their definition of a MT Exceedance for each sustainability indicator.
The purpose of this table is to show consistency amongst the KGA, and where there is a difference,
there is an explanation of why a different threshold is most applicable to the management area.
Figures 3-4 provides a map showing the RMW locations. Figures 3-4 and 3-5 show the MT and MO
contours.
RMWs presented in Table 3-5 and Figures 3-4 through 3-6 do not include proposed changes in the
amended Management Area Plans. The Monitoring Network will be updated to reflect management
area revisions before the fall seasonal water level monitoring period begins. Table 3-6 summarizes
the management areas that proposed changes.
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Table 3-4. Management Area Proposed Changes to the Regional Monitoring System
Management Area

Summary of Proposed Changes

North Kern WSD MA-1 (Old District)

MTs for RMWs in the southern portion of NKWSD will be raised 50-ft to reduce
impacts to beneficial users and to coordinate with neighboring districts, MOs are
also raised as appropriate. Refer to MAP Section 4.4, Table 4-3.

North Kern WSD MA-2 (Rosedale Ranch)

Two new wells were identified to serve as RMWs to represent this Management
Area. MTs and MOs were set to be coordination with neighboring districts and
with consideration for impacts to beneficial user. Refer to MAP Section 4.4, Table
4-3.

Shafter-Wasco Irrigation District (MA-1)

MTs for RMWs in the southern portion of SWID will be raised 50-ft to reduce
impacts to beneficial users and to coordinate with neighboring districts. Refer to
MAP Section 4.4, Table 4-4.

Shafter-Wasco 7th Standard Annex

Will raise the MTs and MOs for Chronic Lowering of Groundwater Levels by 50-ft
to reduce impacts to beneficial users and to coordinate with adjacent
Management Areas. Refer to Section 13.1.

Rosedale-Rio Bravo WSD

To provide clarity and to better coordinate with neighboring MAs, RRBMA
prepared multiple groundwater level and MT cross-sections in the general
direction of groundwater flow and crossing multiple MAs. MTs and MOs were
compared and adjusted to the projected water levels for consistency across the
coordinating MA’s. Refer to MAP Section 5.7 for further details.

Semitropic Water Storage District

Added two RMW’s to MA-2 (Buttonwillow) to coordinate and interpret
groundwater responses with management areas on the Districts south and
southeastern boundaries. MOs and MT with Rosedale-Rio Bravo. Refer to
Chapter MAP Section 4.3.4 and Figure 4.1.
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Table 3-5. (REVISED TABLE 3-1). Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Figure 3-6. REVISED Figure 3-1. Regional Groundwater Level Monitoring Network
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Figure 3-7. REVISED Figure 3-2. Regional Minimum Threshold Contours for Groundwater Levels
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Figure 3-8. REVISED Figure 3-3. Regional Measurable Objective Contours for Groundwater Levels
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Table 3-1 Summary of Minimum Thresholds and Measurable Objectives
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Table 3-1 Summary of Minimum Thresholds and Measurable Objectives - CONTINUED.
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Table 3-1 Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Table 3-1 Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.

251

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Table 3-1 Summary of Minimum Thresholds and Measurable Objectives – CONTINUED.
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Figure 3-1. Regional Groundwater Level Monitoring Network
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Figure 3-2. Regional Minimum Threshold Contours for Groundwater Levels
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Figure 3-3. Regional Measurable Objective Contours for Groundwater Levels
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3.3.13.5.1
Chronic Lowering of Groundwater Levels and Reduction of
Groundwater Storage
The final Subbasin minimum thresholds and measurable objectives values for the chronic lowering
of groundwater levels sustainability indicator at each representative monitoring well site are
presented in listed in Table 3-7 with an indication of whether that RWM is used as a proxy for
reduction of groundwater storage or degraded water quality. 3-1 and the The location of the
representative monitoring well sites are shown in Figure 3-4. 3-1. Figure 3-5 3-2 show only the
minimum thresholds for the groundwater levels sustainability indicator with elevation contours
between each of the representative monitoring sites. This figure provides an indication of how the
thresholds values at each representative monitoring site relate to adjacent monitoring site values.
Contour maps such as these were used in the review of draft thresholds to determine areas of
potential conflicting thresholds between neighboring management areas, such as drastically
differing threshold values, elevation gradients steeper than typically observed gradients, or elevation
gradients contrary to typically observed gradients.
Figure 3-6 3-3 shows only the measurable objective values for groundwater levels sustainability
indicator at each representative monitoring site, with elevation contours between monitoring site.
The draft measurable objectives were reviewed in the same manner as minimum thresholds.
Through the KGA/GSA Managers Group coordination meetings, it was generally agreed that the
withdrawal of groundwater from the Subbasin would not create impacts to beneficial uses or users
of groundwater in the Subbasin if groundwater elevations are maintained above the minimum
threshold values. The chronic lowering of groundwater level minimum thresholds and measurable
objective values serve as proxy for the reduction of groundwater storage and in some case water
quality and subsidence for the KGA Member Agencies. Table 3-5 show the measurable objectives
and minimum threshold for chronic lowering of groundwater levels for each KGA Member Agency
RMW; provides an indication of whether groundwater levels are used as a proxy for reduction of
groundwater storage, degraded water quality, or land subsidence; and how the minimum threshold
of each sustainability indictor has been changed to address DWR comments. The process for reestablishing consistent minimum threshold triggers (which identify Management Area Exceedances,
leading to contributions to an undesirable result as explained above) involved collaboration and
negotiation with all GSAs in the Kern Subbasin.
The chronic lowering of groundwater level minimum thresholds and measurable objective values
serve as proxy for the reduction of groundwater storage in the entire Subbasin. Through the
KGA/GSA Managers Group process, it was generally agreed that the withdrawal of groundwater
from the Subbasin would not create impacts to beneficial uses or users of groundwater in the
Subbasin if groundwater elevations are maintained above the minimum threshold values. Further,
the KGA/GSA Managers Group agreed that the measurable objective for groundwater levels should
be set sufficiently higher than the minimum threshold for groundwater levels to support
groundwater extractions through a 10-year drought cycle, like that experienced from 2006 to 2016,
as an example. As a result, the measurable objective for chronic lowering of groundwater levels and
reduction in groundwater storage are the same or the measurable objective for groundwater levels
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serves as a proxy for groundwater storage. The exact methodology and planned drought period used
by each management area is described in the management area plans.
3.3.23.5.2

Degraded Water Quality

The minimum thresholds and measurable objectives for degraded water quality were established by
each of the management areas. All the representative monitoring sites for water quality are also
shown in Figure 3-4 and summarized in Table 3-5. Table 3-1. In many instances, the minimum
threshold and measurable objectives values for groundwater levels serves as a proxy for water
quality. In other words, no water quality degradation, migration of contaminate plumes, or other
indicators of water quality impairment would be experienced at the groundwater level minimum
threshold value at that representative monitoring site.
3.3.33.5.3

Land Subsidence

Because of the variability of subsidence in time, we have examined the temporal variation in rates
for the entire region, as well as for the four sub-domains (central, east, west, and south, as shown in
Figure 3-9). These are area-wide averages and, as noted below, do not capture the spatial variability
in rates. Still, the averages provide an indication of the temporal variability in rates. The large-scale
(spatially) rates indicate a background ‘floor” of subsidence values of around -0.4 inches/year for
the eastern, western, and southern regions, interrupted by decreases in subsidence in wetter years
leading to net uplift. The central region, with its greater exposure to the large-scale subsidence bowl
to the north, has a larger background rate that is higher, around -0.6 inches/year. Again, during wet
years the subsidence is arrested and can even reverse to uplift. This indicates the potential for waterbanking or some other mitigation technique to reduce subsidence if applied on a large scale. There
are indications that the subsidence rate has increased since 2020, most dramatically in the central
region. Perhaps the easiest way to visualize the temporal changes in the four regions is to examine.
The time series of displacements for the three regions (east, west, south) is roughly linear, then
interrupted by a rather abrupt shift upward, likely due to the effects of the wet years, availability of
surface water, existing water banking programs and a pause or end of the drought around 2017. As
noted above, this shift occurs at different times for the central and western regions. Factors
contributing to this temporal difference may include proximity to areas of natural recharge, such as
in the west (the central region is more distal), groundwater dependence (the central region has
higher dependence), and availability of surface water. In the two other regions s (southern and
eastern), the shift might represent natural recharge of deeper aquifers. The shift is then followed by
a linear behavior in time, at roughly the same slope as before, suggesting a return to the previous
subsidence rate. The behavior for the central region is different in that the curve does not return to a
linear trend, but rather seems to indicate an increase in the rate of subsidence after 2020 or so. One
take-away from these results is that when calculating rates, it can be important to consider the
temporal changes in rates. A rate calculation incorporating the rapid shift during the wet time
interval, can significantly skew the rate estimates.
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Figure 3-9. Kern Subbasin Subsidence Sub-Regions
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The spatial distribution of surface displacement, and hence subsidence, is highly variable and
typically concentrated within the various sub-regions. This concentration is most notable for oil and
gas fields. These regions can have dramatic changes, both subsidence and uplift, over short periods
(Vasco et al. 2017), and probably cannot be characterized accurately by a single rate. Still, it is
possible to examine yearly averages that measure accumulated surface deformation. In this study,
we considered the deformation rate for the year 2020, and the spatial variability in rates that can
occur within the four sub-domains. The yearly rates of change in 2020 were calculated for all points
of the four regions. In order to capture the spatial variability within each region, we scanned the
rates and determined the locations with the maximum subsidence and the minimum rate of
subsidence (typically uplift), as well as computing the mean of all of the rates for the given subdomain. The resulting maximum rates of subsidence were around 2-3 inches/year with an
anomalously large value of -7.7 inches/year in the western sub-area. At the northeastern corner of
the western sub-region. The activities in this area should probably be examined in more detail, as
the subsidence rate is significant and fairly concentrated. Outside of this anomalous area, the
western sub-domain has relatively moderate subsidence in 2020, though there are concentrations in
selected oil and gas fields. We should note that the yearly rates of -3.2, -2.6, and -2.4 inches/year for
the central, southern, and eastern areas are in line with estimates in the March 2021 report by Earth
Consultants International, who found subsidence rates of 2-3 inches/year in the northern edge of the
Kern County Subbasin and 3-4 inches/year south of Bakersfield.
Again, peak rates for specific areas are subject to dramatic temporal changes as local activities vary.
When focusing on specific infrastructure we can derive more detailed and specific estimates along
the given paths of the canals, pipelines, and transmission lines. Given current rates of subsidence
buried infrastructure, like pipelines, would not experience significant adverse effects provided
“hinge line” factors (stream crossings, faults, changes in elevation and grade etc.) were minimal.
However, further study is needed to quantify and confirm the types of stresses that may be present.
In addition, the line-of-sight displacements are dominated by subsidence but there will also be
notable horizontal displacement, particularly from the subsidence bowl at the northern edge of the
subbasin. Such north-south displacement can be estimated from an inversion for volume change, as
in Vasco et al. (2019), followed by a forward geomechanical calculation of three-dimensional
displacements, as in Vasco et al. (2017).
Land subsidence due to groundwater withdrawal is generally correlated with declining groundwater
levels. Land subsidence is currently monitored by extensometers, CGPS stations, and level
surveying with benchmarks throughout the Subbasin. The development of minimum thresholds for
land subsidence at the basin level is ongoing due to data gaps in monitoring and identification of
undesirable results in the Subbasin. Some management areas have not set minimum thresholds for
land subsidence pending development of additional data and monitoring, other management areas
have established preliminary minimum thresholds.
A combination of water level monitoring and land subsidence monitoring will be used to help set
sustainability criteria. As detailed in the monitoring plan section of this GSP, the existing network
of subsidence monitoring will be expanded to better understand the causes and impacts of
subsidence in the Subbasin. The monitoring plan also provides a plan for filling data gaps to support
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future establishment of minimum thresholds and measurable objectives for the land subsidence
sustainability indicator.
Additional details regarding land subsidence can be found in the groundwater conditions section of
this GSP and in the management area plans.
Interim Measurable Objectives and Interim Minimum Thresholds

At the June 17, 2022, meeting with DWR, the Kern subbasin presented the findings of two
important subsidence studies that were conducted subsequent to the January 2020 submission of the
GSPs. DWR staff indicated their understanding of the studies/data and appreciated the challenge of
setting sustainable management criteria in the face of data gaps thus stated that an interim SMC
with caveats would be better than setting no SMC. The caveats for subsidence are the following
which may not be inclusive:
•
•

•

The sustainable management criteria can be interim, will only be valid until 2025, and will
be updated in the 2025 GSP update;
Due to the complexity of the Kern Subbasin, setting of an interim SMC for subsidence, does
not require GSAs take responsibility, manage, regulate or otherwise be liable for impacts
resulting from actions outside the authority of the GSA or outside the GSA’s ability to
manage sustainability under SGMA; and
That the Kern Subbasin GSAs are not responsible for addressing subsidence caused by
activities outside of the jurisdiction of SGMA i.e., extractions from exempt aquifers, or
caused by activities other than extraction of water on behalf of the beneficial users under the
purview of SGMA.

The Interim Measurable Objective for land subsidence for the California Aqueduct is defined as the
avoidance of a permanent loss (associated with inelastic subsidence) of conveyance capacity as
attributable to subsidence as limited by remaining concrete liner freeboard for a specific Aqueduct
Pool that exceeds the average observed rate from 2016-2022. Using the 2022 CASP survey data, the
average observed rate was calculated to be -0.05 ft/yr for all Pools of the Aqueduct within the Kern
Subbasin). The MO rate of subsidence is calculated and assessed as an average annual rate over a
rolling 6-year monitoring period.
The Minimum Threshold for land subsidence for the California Aqueduct is defined as the
avoidance of a permanent loss (associated with inelastic subsidence) of conveyance capacity as
attributable to subsidence as limited by remaining concrete liner freeboard for a specific Aqueduct
Pool that exceeds twice the average observed rate from 2016-2022. Using the 2022 CASP survey
data, twice the average observed rate was calculated to be -0.10 ft/yr for all Pools of the Aqueduct
within the Kern Subbasin.). The MT rate of subsidence is calculated and assessed as an average
annual rate over a rolling 6-year monitoring period.
3.5.3.1

California Aqueduct

The above methodology for developing MOs and MTs, recognizing the baseline subsidence rate as
calculated from the latest CASP survey data, is supported by the findings of the KGA Subsidence
Study and Lawrence Livermore Study. The Subsidence Rate for the MO and MT as described
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below are interim, pending the collection and analysis of additional data, and will be updated in the
2025 GSP. Table 3-6 presents an interim MO and MT by Pool in the Kern Subbasin.
Table 3-6. Subsidence (INTERIM) MO and (INTERIM) MTs for Aqueduct Pools in Kern
1Measurable
Objective Rate
(INTERIM) from
2022-2025 (Ft/Yr)

Objective
Total Extent (INTERIM)
from 2022-2040 (Ft)

Pool 23

-0.05

Pool 24

Threshold
Rate (INTERIM) from
2022-2025 (Ft/Yr)

Threshold
Total Extent (INTERIM)
from 2022-2040(Ft)

-0.9

-0.1

-1.8

-0.05

-0.9

-0.1

-1.8

Pool 25

-0.05

-0.9

-0.1

-1.8

Pool 26

-0.05

-0.9

-0.1

-1.8

Pool 27

-0.05

-0.9

-0.1

-1.8

Pool 28

-0.05

-0.9

-0.1

-1.8

Pool 29

-0.05

-0.9

-0.1

-1.8

Pool 30

-0.05

-0.9

-0.1

-1.8

Pool 31

-0.05

-0.9

-0.1

-1.8

Pool 32

-0.05

-0.9

-0.1

-1.8

Pool 333

-0.07

-1.35

-0.15

-2.7

Pool 343

-0.07

-1.35

-0.15

-2.7

353

-0.07

-1.35

-0.15

-2.7

CA Aqueduct Pool

Pool

2Measurable

1Minimum

2Minimum

1The

MO & MT rate are calculated over a rolling 6-yr period, averaging Pools 23-32 and Pools 33-35; the interim rate identified for the
MO and MT is for subsidence due to activities under the purview of SGMA. The interim rate is established based upon findings from
the 2022 CASP survey data, and the InSAR Study and LBL preliminary study (KGA 2021). The Interim Rate will be updated in the
2025 GSP Update.
2The extent of subsidence (INTERIM) for the term 2022 – 2040 utilizes the Interim MO and MT Rate and will be updated as the
MO and MT rates for subsidence are updated in the 2025 GSP Update.
3Information regarding the SMC for Pools 33, 34, and 35 can be found in the South of Kern River GSP.

The Interim Measurable Objectives and Minimum Thresholds are only valid until 2025 and they
will be updated in the 2025 GSP Update, and only apply when the permanent loss of freeboard is a
result of subsidence due to SGMA-related groundwater extractions from the following beneficial
uses/users: agricultural, domestic, municipal, or urban. Permanent loss of freeboard from land
subsidence due to other causes including but not limited to due to oil or gas production, natural
compaction of shallow underlying soils beneath or near the Aqueduct, or any other cause that is not
within the jurisdiction of a GSA, shall not be considered as a loss of freeboard that contributes to
the amount specified for any MO or MT. When considering Measurable Objective and Minimum
Threshold rates beyond 2025 it will be critical to fully understand design considerations of the
identified critical infrastructure. It is typical that major infrastructure designs incorporate
assumptions for natural settling, subsidence of any type, service life, repair and replacement cycles,
etc. It is expected that when selecting Minimum Threshold rates of subsidence beyond the interim
2025 period that MO and MT rates may require reduction based on these and other critical elements
as the basin approaches its 2040 sustainability goal.
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For example, if the MT for subsidence for a particular pool of the Aqueduct within a Management
Area was determined to be 0.10 ft/yr over a 6-year period, and SGMA-related beneficial uses
within the jurisdiction of a GSA were deemed to cause 0.07 ft /yr of subsidence within that pool
while non-jurisdictional uses were deemed to cause 0.15 ft/yr, the Management Area would only
consider the 0.07 ft/yr subsidence rate (and related loss of pool freeboard) when evaluating MT
compliance, and in that case would not determine that an MT exceedance has occurred.
3.5.3.2

Friant-Kern Canal

Refer to Attachment G4 for the Friant-Kern Canal White Paper. The methodology to determine and
set minimum thresholds is defined as the avoidance of permanent loss of historical operational flow
capacities for the Lower Reach as a result of groundwater extractions from agricultural, domestic,
municipal, or urban beneficial users within the Kern County Subbasin. In order to set an appropriate
MT, additional studies and subsidence modeling is necessary to understand the cause of subsidence,
identify appropriate management actions, and develop a mitigation plan. However, as noted above,
the Subbasin GSAs will establish an interim MT.
The interim MT for the entire Lower Reach within the Kern Subbasin is defined as the average
annual rate of subsidence over the last 6 years and the corresponding total interim extent from 2022
until 2040. Based on information provided by the DWR’s California Groundwater Live website, the
annual rate of subsidence is presented as a range and MT is set at the average of lower elevation of
the subsidence ranges. The MT rate of allowable subsidence is -0.2 feet per year and MT extent is 3.6 ft until the 2040. A new MT rate and extent will be established in the 2025 GSP updates based
on data from the previously discussed basin study and subsidence modeling. Tables 3-7 summarizes
the MO, MT and temporal extent.
Table 3-7. FKC Lower Reach Interim Measurable Objectives, Minimum Thresholds and Extent
Measurable Objectives
Rate from 2022 to 2025
(Ft/Yr)

Measurable Objective Total
Extent from 2022 to 2040
(Ft)

Minimum Threshold Rate
from 2022 to 2025
(Ft/Yr)

Minimum Threshold Total
Extent from 2022 to 2040
(Ft)

-0.1

-1.8

-0.2

-3.6

3.3.43.5.4

Seawater Intrusion

As described above, the Subbasin is located approximately 60 miles from the Pacific Ocean,
separated by the Coastal Range and other geologic features that prevent seawater from migrating
into the Subbasin. Details of the geologic structure of the Subbasin can be found in the basin setting
of this GSP. Based on the separation of the Subbasin from any source of seawater, the Subbasin has
not developed sustainable management criteria for this sustainability indicator.
3.3.53.5.5

Depletions of Interconnected Surface Water

As described above the Subbasin, has not identified any areas of interconnected surface waters.
Though many studies have been conducted in the Subbasin, including in areas such as the Kern
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River and Poso Creek, results do not show evidence of surface water within the Subbasin to be
interconnected. As there are no known natural interconnected surface water systems within the
KGA boundary or the Subbasin, this sustainability indicator is not included in this GSP. Additional
information can be found in basin setting section of this GSP and in the management area plans.

3.43.6 Monitoring Network
The monitoring networks, protocols, and standards described within this section and in the
respective management area plans meet the requirements of §352.2, and §354.32 to §354.40 of the
California Code of Regulations. The Kern subbasin collaboratively developed the monitoring
network for the Kern subbasin as well as coordinating the setting of the SMC for water levels at the
same time. The monitoring network for the Kern subbasin also include monitoring protocols that
stipulated the time frames for collecting the SMC data and how that data is used in preparing the
annual report. The monitoring protocols have been updated to provide more accountability on
confirming that SMC data is collected, see 3.6.7.
3.4.13.6.1

Monitoring Network Description

Management areas within the KGA generally align with member agency boundaries and represent
areas of common water management practices. Management areas are designated and managed by
KGA member agencies (Table 3-5) and shown in Figures 3-6 and 3-82-61. KGA members are best
suited to leverage existing relationships with water users for local groundwater monitoring and site
access.
The monitoring network for the KGA represents the coordination of the monitoring networks and
activities of the KGA member agencies within their respective management areas as well as the
coordination with the other GSAs in the Kern subbasin. Each member agency will implement its
monitoring plan, as described in their management area plan. The KGA and the other GSAs in the
Kern subbasin will coordinate the annual collection and reporting of monitoring data to DWR and
will ensure the monitoring network and protocols are compliant with SGMA.
Monitoring Network is capable of collecting sufficient data to demonstrate short-term, seasonal, and
long-term trends in groundwater and related surface conditions, and yield representative
information about groundwater conditions as necessary to evaluate Plan implementation. The
monitoring network objectives accomplish the following:
1)

Demonstrate progress toward achieving measurable objectives described in the
management area and throughout the Subbasin

2)

Monitor impacts to the beneficial uses and users of groundwater

3)

Monitor changes in groundwater conditions relative to measurable objectives and
minimum thresholds

4)

Quantify annual changes in water budget components
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3.4.23.6.2

Monitoring Network Objectives

The objectives of the KGA monitoring network are to:
•

demonstrate progress toward achieving measurable objectives summarized in this GSP and
detailed in the attached management area plans;

•

monitor impacts to the beneficial uses of groundwater and stakeholders within the Subbasin;
monitor changes in groundwater conditions relative to measurable objectives and minimum
thresholds; quantify annual changes in water budget components; and

•

monitor changes for the following pertinent sustainability indicators in the Subbasin;
o Groundwater Potentiometric Surfaces, or Groundwater Levels,
o Groundwater Storage,
o Groundwater Quality, and
o Land Subsidence.

And to coordinate with the other GSAs in the basin to consider all beneficial users and uses.
Seawater intrusion and depletions of interconnected surface water are not pertinent to the
monitoring network as they were not considered pertinent sustainability indicators, as described in
the basin setting.
3.4.33.6.3

Monitoring Data Quality Objectives

As described in DWR’s Groundwater Monitoring Protocols, Standards, and Sites BMP (DWR,
2016c), the processes for maintaining quality control and quality assurance are iterative, and, as
such, will be evaluated every 5 years for effectiveness. The monitoring networks implemented as
part of this GSP include the analytical approaches to obtain acceptable data that can monitor the
sustainability indicators against minimum thresholds and interim milestones. Where necessary,
revisions can be made every 5 years as this GSP is updated.
The monitoring network (see Figures 3-6 and Table 3-5 Table 3-1) will be capable of collecting
sufficient data to demonstrate seasonal, short-term (1 to 5 years), and long-term (5 to 10 years)
trends in groundwater and related surface conditions and yield representative information about
groundwater conditions as necessary to evaluate Plan implementation. The frequency at which data
will be collected for each network will be described herein.
3.4.43.6.4

Monitoring Progress Toward Measurable Objectives

As described in the above section Section 3.2, groundwater levels in the KGA are the key
sustainability indicator to monitor undesirable results. Seasonal groundwater levels in selected
monitoring wells will be used to monitor progress towards identified measurable objectives. While
most of the management areas have used groundwater level as a proxy to monitor other
sustainability indicators, certain management areas have defined specific interim milestones for
other primary sustainability indicators such as degraded water quality and groundwater storage. The
details of these milestones can be found in the management area plans.
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After adopting this GSP, the KGA and its member agencies will monitor the progress towards
reaching interim milestones for groundwater levels. This progress will be compared with
monitoring data for storage, land subsidence, and water quality as well as their respective minimum
thresholds, to evaluate the effectiveness of groundwater level as proxies for these other the
sustainability indicators. Where needed, interim milestones for groundwater levels or other
sustainability indicators may be adjusted to maintain the objectives of the GSP.
The proposed monitoring networks will provide data used to monitor impacts of sustainable
groundwater management to beneficial uses and users of groundwater. The proposed approach for
monitoring impacts to beneficial uses and users of groundwater are described in Table 3-8. Table 32.
Table 3-8. Monitoring Impacts to Beneficial Uses and Users
Potential impacts on beneficial uses and
users of groundwater

Monitoring Network

Groundwater elevation decline may result in
increased pumping costs and or dry wells.

Groundwater Level
Monitoring

Groundwater storage is reduced to less than
minimum threshold affecting future supplies
for use.

Groundwater Level
Monitoring

Land subsidence due to overdraft results in
infrastructure damage and loss in aquifer
storage.

Groundwater Level and
Land Subsidence
Monitoring

Groundwater quality is degraded and is not
suitable for use without additional treatment
costs.

Groundwater Quality
Monitoring

3.4.53.6.5

Notes
Groundwater levels will be compared
with well screen construction and pump
depth settings
Data will be incorporated into the
Subbasin model to quantify and monitor
storage outlooks and minimum
thresholds and interim milestones.
Groundwater levels and land
subsidence data will be evaluated
against minimum thresholds and interim
milestones.
Data from all water quality reporting
sources will be evaluated for the
Subbasin to compare against minimum
thresholds and objectives.

Coverage of Sustainability Indicators

As mentioned previously, the monitoring plan for Kern Subbasin each management area plan
addresses all pertinent sustainability indicators of the Subbasin: chronic lowering of groundwater
levels, reduction in groundwater storage, degraded water quality, and land subsidence. Figure 3-1
and 3-4 Figure 3-4 provides the current distribution of representative monitoring wells for water
elevations and water quality, respectively, to be included in the monitoring network for the KGA.
by its member agencies. Based on the BMP for monitoring networks, the well density goal is to be
between 4 to 10 wells per 100 square miles (DWR, 2016c). In the Subbasin, the KGA covers
approximately 1,980 square miles of which approximately 83% (or ~1,650 square miles) is reliant
on some level of groundwater production and has active groundwater wells. Based on DWR’s BMP
recommended density goal, the KGA monitoring network should contain between 66 to 165
monitoring wells base in the area that is reliant on groundwater. The KGA’s proposed monitoring
network includes 118 well locations for groundwater elevation and storage.
In the Subbasin, the KGA covers approximately 2,800 square miles of which, approximately 60%
(or ~1,700 square miles) has active groundwater wells. Based on DWR’s BMP recommended
density goal, the KGA monitoring network should contain between 70 to 280 monitoring wells. The
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KGA’s proposed monitoring network includes 194 well locations for groundwater elevation and
storage and 188 well locations for water quality, nearly all of which are groundwater elevation
monitoring locations.
3.4.63.6.6

Scientific Rational for Site Selection

The monitoring network for the KGA member agencies was designed using the following scientific
rational for site selection:
•

Aquifer representation –Per DWR’s Emergency Regulations CCR § 354.34 (c) (1),
monitoring wells were chosen to adequately represent each underlying aquifer within the
KGA.

•

Potential impacts to beneficial users of groundwater

•

Availability of site-specific historical data and technical information

•

Spatial and vertical representation of the underlying aquifers

•

Precedence of dedicated monitoring wells over production wells

•

Site accessibility

•

Coordination with the other GSAs in the Kern subbasin

While this outlines the general procedure followed by the KGA member agencies to identify their
respective monitoring networks, the detailed scientific rational for each monitoring network can be
found in the respective management area plan.
3.4.73.6.7

Monitoring Protocols for Data Collection and Monitoring

3.4.7.13.6.7.1

Groundwater Level Monitoring Network Protocol and Standards

The existing monitoring network in the KGA includes production wells and dedicated monitoring
wells. Until enough dedicated monitoring wells are installed to fill data gaps, production wells will
be used to expand the spatial coverage of the existing network.
As referenced in §352.4 of the regulations, monitoring sites/wells will conform to best management
practices for geographic locations, identification, and details on well construction. Table 3-9
provides the requested standards.
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Well Identification

Well/Site Location

Table 3-9: Standards for Required Monitoring Well Information
Use the CASGEM well identification number. If a CASGEM well identification number has not been
issued, appropriate well information shall be entered on forms made available by DWR.

Geographic locations shall be reported in GPS coordinates by latitude and longitude in decimal
degree to five decimal places, to a minimum accuracy of 30 feet, relative to NAD83, or another
national standard that is convertible to NAD83.
Reference point elevations shall be measured and reported in feet to an accuracy of at least 0.5 feet,
or the best available information, relative to NAVD88, or another national standard that is convertible
to NAVD88, and the method of measurement described.

Well Type and
Construction
Details

A description of the well use/type, whether the well is active or inactive, and whether the well is a
single, clustered, nested, or other type of well.
Casing perforations, borehole depth, and total well depth shall be reported. Well completion reports
will be provided, if available, from which the names of private owners have been redacted.
Geophysical logs, well construction diagrams, or other relevant information will be provided, if
available, including any other relevant well construction information, such as well capacity, casing
diameter, or casing modifications.

Monitoring Zone

Identification of principal aquifer or aquifer zones monitored.

Requirements for well selection

•

A long-term access agreement that includes year-round site access to allow for increased
monitoring frequency

•

A unique identifier that includes a general written description of the site location, date
established, access instructions and point of contact, type of information to be collected,
latitude, longitude and elevation

•

Monitoring location should also track all modifications to the site in a modification log

Monitoring Protocols

As referenced in §352.4 of the GSP regulations, “monitoring protocols shall be developed according
to BMP. Monitoring protocols shall be reviewed at least every five years as part of the periodic
evaluation of the Plan and modified as necessary.” As mentioned above, the Kern Subbasin
developed and coordinated the monitoring protocols as well as the monitoring locations.
As per DWR’s Monitoring Protocol BMP (DWR, 2016c) and the Subbasin’s Coordination
Agreement for Groundwater Elevation Data:
•

Groundwater level data shall be sufficient to produce seasonal maps of potentiometric
surfaces or water table surfaces throughout the basin that clearly identify changes in
groundwater flow direction and gradient.

•

Use the Kern Subbasin Well Data form.

•

Groundwater level data shall be collected from each principal aquifer in the basin.
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•

Collection of data between the approved time frames only.
o January 15th to March 30th
o September 15th to November 15th

•

If attempts have been made and a measurement cannot be collected from a representative
monitoring well during the approved timeframe, one of the following is to occur:
o A measurement from a nearby well with similar water level trends can be used as a
proxy.
o If no substitute well is available, the static water level can be estimated based on
trending for Spring and Fall levels from the previous four or more bi-annual
measurements; estimates are used for purposes of comparing to the established
thresholds for each Management Area only.
o If the water level is estimated, the entry must be flagged with a DWR No
Measurement Code using the DWR pull-down menu options and described in the
Water Level Measurements Comments field as “Estimated groundwater level based
on trending for Spring or Fall levels from the previous four or more bi-annual
measurements.”

•

If an existing representative monitoring well cannot be measured during two bi-annual
timeframes, a plan to replace or repair the well in the monitoring network shall be made
prior to the subsequent monitoring period or annual report, whichever occurs first.

•

A weighted water level meter will be used to measure the depth to groundwater.

•

Depth to groundwater must be measured relative to an established Reference Point on the
well casing. If no mark or reference point is apparent, the person performing the
measurement should measure the depth to groundwater from the north side of the top of the
well casing.

•

The elevation of the Reference Point of the well must be surveyed to the North American
Vertical Datum of 1988. The elevation must be accurate to within 0.1 foot.

•

Each well’s Reference Point will be cataloged to ensure identical procedures are followed
for subsequent measurements.

•

The data collector should remove the appropriate cap, lid or plug that covers the monitoring
access point listening for pressure release. If a release is observed, the measurement should
follow a period of time to allow the water level to equilibrate.

•

Depth to groundwater must be measured to an accuracy of 0.1 foot below the Reference
Point.

•

The water level meter shall be decontaminated after measuring each well.

•

The data collector shall calculate the groundwater elevation as:
o GWE = RPE – DTW
o GWE = Groundwater Elevation
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o RPE = Reference Point Elevation
o DTW = Depth to Water
•

The data collector must ensure that all measurements are consistent units of feet, tenths of
feet or hundredths of feet. Measurements and Reference Point Elevations should not be
recorded in feet and inches.

•

Seasonal measurements must be submitted to the Kern Data Management System, reviewed
for Quality Control, and approved by the management area administrator for upload to the
SGMA Portal.

Pressure Transducers

As per DWR’s Monitoring Protocols BMP (DWR, 2016c), groundwater levels and/or calculated
groundwater elevations may be recorded using pressure transducers equipped with data loggers
installed in monitoring wells. When installing pressure transducers, care will be exercised to ensure
that the data recorded by the transducers is confirmed with hand measurements.
The following general protocols will be followed when installing a pressure transducer in a
monitoring well:
•

The sampler will use an electronic sounder or chalked steel tape and follow the protocols
listed above to measure the groundwater level and calculate the groundwater elevation in the
monitoring well to properly program and reference the installation.

•

The sampler will note the well identifier, the associated transducer serial number, transducer
range, transducer accuracy, and cable serial number.

•

Transducers will be able to record groundwater levels with an accuracy of at least 0.1 foot.
Consideration of the battery life, data storage capacity, range of groundwater level
fluctuations, and natural pressure drift of the transducers will be included in the evaluation.

•

The sampler will note whether the pressure transducer uses a vented or non- vented cable for
barometric compensation. Vented cables are preferred, but non- vented units provide
accurate data if properly corrected for natural barometric pressure changes. This requires the
consistent logging of barometric pressures to coincide with measurement intervals.

•

Follow manufacturer specifications for installation, calibration, data logging intervals,
battery life, correction procedure (if non-vented cables used), and anticipated life expectancy
to assure that data quality objectives are being met for the GSP.

•

Secure the cable to the well head with a well dock or another reliable method. Mark the
cable at the elevation of the reference point with tape or an indelible marker. This will allow
estimates of future cable slippage.

The transducer data will periodically be checked against hand measured groundwater levels to
monitor electronic drift or cable movement. This will happen during routine site visits, at least
annually or as necessary to maintain data integrity.
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The data will be downloaded as necessary to ensure no data is lost and entered into the basin’s DMS
following the QA/QC program established for the GSP. Data collected with non-vented data logger
cables will be corrected for atmospheric barometric pressure changes, as appropriate. After the
sampler is confident that the transducer data have been safely downloaded and stored, the data will
be deleted from the data logger to ensure that adequate data logger memory remains.
As mentioned above, for specific details regarding the monitoring network for groundwater level
and change in groundwater storage for each management area, please refer to the respective
individual management area plans. The data gaps and steps for improvement of the respective
monitoring networks have also been identified in those management area plans.
3.4.7.23.6.7.2

Water Quality Monitoring Network Protocol and Standards

Groundwater Quality Monitoring Network Protocol and Standards

The existing monitoring network in the KGA includes production wells and dedicated monitoring
wells. Until enough dedicated monitoring wells are installed to fill data gaps, production wells will
be used to expand the spatial coverage of the existing water quality network.
As referenced in §352.4 of the GSP emergency regulations, monitoring sites/wells will conform to
best management practices for geographic locations, identification, and details on well construction.
Requirements for Well Selection

•

A long-term access agreement that includes year-round site access to allow for increased
monitoring frequency

•

A unique identifier that includes a general written description of the site location, date
established, access instructions and point of contact, type of information to be collected,
latitude, longitude and elevation

•

Monitoring location should also track all modifications to the site in a modification log

•

The use of existing water quality data within the basin should be done to the greatest extent
possible

•

Monitoring network should consist largely as a supplemental monitoring locations where
known groundwater contamination plumes are under existing regulatory management

Monitoring Protocols

The monitoring protocols will follow, at a minimum, the sampling guidelines as provided in DWR’s
Groundwater Monitoring Protocols, Standards, and Sites BMP (2016c).
Groundwater quality sampling protocols will ensure that:
•

Groundwater quality data are taken from the correct location,

•

Groundwater quality data are accurate and reproducible,

•

Groundwater quality data represent conditions that inform appropriate basin management
and are consistent with the data quality objectives,
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•

All important information is recorded to normalize, if necessary, and compare data, and

•

Data are handled in a way that ensures data integrity.

The following points are general guidance in addition to the techniques presented in the previously
mentioned USGS National Field Manual for the Collection of Water Quality Data.
Standardized protocols include the following:
•

Monitor groundwater quality data from each principal aquifer in the basin.

•

Data should be sufficient for mapping movement of degraded water quality.

•

Data should be sufficient to assess groundwater quality impacts to beneficial uses and users.

•

Data should be sufficient to evaluate whether management activities are contributing to
water quality degradation.

•

All analyses should be performed by a laboratory certified under the State Environmental
Laboratory Accreditation Program.

•

Samples will be collected according to the standards listed in the Standard Methods for the
Examination of Water and Wastewater, USGS National Field Manual for the Collection of
Water Quality Data.

•

Prior to sampling, the sampler must contact the laboratory to schedule laboratory time,
obtain appropriate sampler containers, and clarify any sample holding times or sample
preservation requirements.

•

Each well used for groundwater quality monitoring must have a unique identifier. This
identifier must appear on the well housing or the well casing to avoid confusion.

•

In the case of wells with dedicated pumps, samples should be collected at or near the
wellhead. Samples are not to be taken/collected from storage tanks, at the end of long pipe
runs or after any water treatment infrastructure.

•

Samples will be taken/collected only after the appropriate volume of water has been purged
from the casing and field parameters have stabilized.

•

Sampler will clean the sampling port and/or sampling equipment. The sampling port and/or
sampling equipment must be free of any contaminants.

•

Groundwater elevation in the well should be measured following the protocols described in
the groundwater level measuring protocols.

•

Field parameters of pH, electrical conductivity and temperature should be collected for each
sample. Lab pH analysis are typically unachievable due to short hold times.

•

All field instruments should be calibrated daily and evaluated for drift throughout the day.

•

Sample containers should be labeled prior to sample collection. The sample label must
include:
o Sample ID (well ID)
o Sample date and time
o Sample personnel
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o Sample location
o Preservative used
o Analytes and analytical method
•

Samples shall be collected under laminar flow conditions. This may require reducing
pumping rates prior to sample collection.

•

Samples requiring preservation must be preserved as soon as practically possible.

•

Samples to be analyzed for metals should be field-filtered prior to preservation. Do not
collect an unfiltered sample in a preserved container.

•

Samples will be chilled and maintained at 4 C to prevent degradation of the sample

•

Samples will be shipped under a chain of custody documentation to the appropriate
laboratory promptly to avoid violating holding time restrictions.

•

Custody Seal will be used by the field technician if a third-party transportation service is
used.

•

A Field Sampling Log will be maintained for each sampling event and will include:
o Sampler’s identification
o Well identification
o Climatic conditions
o Depth to water prior to purging
o Type of purging and sampling device
o Purging rate and volume
o Relative well yield volume
o Field parameter measurements (pH, temperature, EC, DO)
o Type and number of samples collected
o Date and time collected

As mentioned above, for specific details regarding the monitoring network for groundwater quality
for each management area, please refer to the respective individual management area plans. The
data gaps and steps for improvement of the respective monitoring networks have also been
identified in those chapters.
3.4.7.33.6.7.3

Reduction of Groundwater Storage

The reduction of groundwater storage provides an estimate of the change in annual groundwater
storage. Since the groundwater storage is not a directly measurable condition, it relies heavily on the
collection of accurate groundwater level data. The changes in groundwater levels reflect changes in
storage and can thus be estimated with assumptions of thickness of subsurface geologic units,
porosity, and connectivity. These observations will be essential for use in calculating the water
budget.
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A water budget is a foundational tool used to compile water flows (supplies) and outflows
(demands). It is an accounting of the total groundwater and surface water entering and leaving a
basin or user-defined area. The difference between flows and outflows is a change in the amount of
water stored.
Coordination of water budget data to comply with groundwater storage include:
•

Surface water supply

•

Total water use

•

Water budget

•

Sustainable yield

The change in the annual volume of groundwater storage between seasonal high conditions shall be
quantify in the water budget calculations.
3.4.7.43.6.7.4

Land Subsidence Monitoring Network

The current regional subsidence monitoring network includes regional subsidence screening by
InSAR conducted by the USGS and monitoring points at existing continuous GPS (CGPS) stations
and available data from SOPAC, as described in the basin setting. These monitoring points include:
P544, P545, P563, P564, P565, BFLD, ARM1/2, TAFT, and BVPP. In addition, local
extensometers for Semitropic Water Storage District (25S22E35B001M) and Kern Water Bank
(30S25E16L) and benchmark monuments of North Kern Water Storage District are included in the
network. Data from leveling surveys of the California Aqueduct and Friant-Kern Canal are also
valuable points that have some historical data, but which have not been formally incorporated into
the local Subbasin network.
CA Aqueduct Monitoring Plan

Subsidence will be assessed in a five-mile-wide monitoring corridor (i.e., 2.5 miles on either side of
the Aqueduct). Since physical access to surveying benchmarks along the Aqueduct for independent
parties is limited, the Aqueduct subsidence monitoring reports produced by DWR will be one of the
sources to identify the rate and magnitude of subsidence (i.e., change in freeboard) on the Aqueduct.
The DWR reports provide complete coverage of each Pool within the Subbasin and represent one
method to monitor subsidence for the Aqueduct. Below, Table 3-7b provides the latest range of
available freeboard by pool using the latest DWR survey data through 2022. The amount of
remaining concrete liner was calculated relative to the original as-built liner elevations or
subsequent liner raises where applicable.
As a supplement to the DWR subsidence monitoring reports, InSAR data will, at a minimum, be
reviewed on an annual basis to inform Management Areas of whether subsidence rates could lead to
an undesirable result. InSAR data will be ground-truthed by comparison to NOAA CORS station
P545, SOPAC CGPS location P544, and available local existing extensometers in or adjacent to the
subsidence monitoring corridor for the Aqueduct, in addition to any future CORS, CGPS,
extensometer, or other pertinent facilities that may be constructed in the future in or adjacent to the
monitoring corridor discussed below in coordination with DWR-CASP staff.
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Monitoring Corridor
The subsidence monitoring corridor for the Aqueduct will include lands within 2.5 miles on either
side of the Aqueduct (i.e., total of five miles wide centered on the Aqueduct). The width of the
monitoring corridor was based on a review of Subbasin hydrogeology, historical InSAR datasets,
the 2019 DWR-CASP report, and current land use along the Aqueduct.
Areas of Interest (AOIs)
Pools that have experienced subsidence which has significantly reduced freeboard and, in some
cases, impacted flow capacity will be identified as “Areas of Interest” and be subject to focused
monitoring by the collection and ground-truthing of InSAR data on an annual basis and the
preparation of focused studies or investigations to assess the cause of subsidence in consultation
with the adjacent Management Areas and DWR. If it is determined that the sole or principal cause
of subsidence in a particular AOI is groundwater extraction for SGMA-related beneficial use, these
sites will be identified for additional Subbasin monitoring stations in the future and/or management
actions based on the data. Current AOIs for the Subbasin include the Kern bowl (a portion of Pool
23, all of Pools 24, 25 and a portion of Pool 26), Maricopa bowl (a portion of Pool 30, all of Pools
31 and 32), and Pleito bowl (a portion of Pool 34 and all of Pool 35). Studies conducted by the
Management Areas on the west side have concluded that subsidence between Aqueduct Mile Post
195 to approximately 214 (i.e., Pools 23 through 25) is attributable to oil and gas activities. As such,
the subsidence attributable to oil and gas activities at the Kern Bowl is beyond the ability of the
Subbasin to control or mitigate. Further, additional study of the Maricopa and Pleito bowls is
required to more fully understand potential causes of identified subsidence.
Watch Areas (WAs)
The 2019 DWR-CASP Report and 2022 CASP survey data show that subsidence in several pools
has been minimal with top of concrete liner elevations in 2017 being comparable to those measured
when the Aqueduct was constructed over 50 years ago, accordingly, neither freeboard nor capacity
has been significantly impacted (i.e., undesirable results have not been experienced). Any
significant loss of conveyance capacity from design specifications was found to be caused from
aging concrete liner with increased hydraulic roughness and other factors. Pools that have
experienced minimal subsidence historically will be identified as “Watch Areas”. Watch Areas will
be monitored utilizing annual ground-truthed InSAR data and the most current DWR-CASP
Aqueduct report. In the event that future monitoring determines that conditions have changed, the
subject Watch Area may be redesignated as an AOI. Table 10a summarizes the Pool specific
Monitoring Classification, and Management Areas associated with each Pool. Table 10b
summarizes the monitoring classification extent.
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Table 3-10a. CA Aqueduct Pools in Kern Subbasin and Associated Management Areas
Management Area
Within 5-Mile Corridor

CA Aqueduct Pool

Pool Monitoring Classification

Pool 23

KGA (WDWA)

AOI/WA

Pool 24

KGA (WDWA, SWSD), BVGSA

AOI

Pool 25

KGA (WDWA), BVGSA

AOI

Pool 26

KGA (WDWA), BVGSA

AOI/WA

Pool 27

KGA (WKWD), BVGSA

WA

Pool 28

KGA (WKWD, KWB), BVGSA

WA

Pool 29

KGA (WKWD, KWB), HMGSA

WA

Pool 30

KGA (WKWD), HMGSA

AOI/WA

Pool 31

KGA (WKWD), HMGSA, SOKR

AOI

Pool 32

KGA (WKWD), SOKR

AOI

Pool 33

SOKR, KGA

WA

Pool 34

SOKR, KGA

AOI/WA

Pool 35

SOKR, KGA

AOI

Table 3-10b. CA Aqueduct Pools in Kern Subbasin and Monitoring Classification Extent
CA Aqueduct
Pool
Pool 23
Pool 24

2022 Range of Available
Freeboard by Pool (Ft)4
1.48 to 3.74
0 to 2.19

Watch Area
Mile Post (MP) Extent

Area of Interest
Mile Post (MP) Extent

MP-184.5 to MP-194

1MP

N/A

1MP-197

194 to MP 197
to MP 208

MP-216 to MP-218

1MP-208

to MP-216

Pool 25

0 to 3.43

Pool 26

1.67 to 4.01

MP-216 to MP-222.5

2MP-222.5

Pool 27

3.62 to 4.32

MP-223.5 to MP- 231.5

N/A

Pool 28

1.51 to 4.35

MP-231.5 to MP-238

N/A

Pool 29

2.18 to 2.92

MP-238 to MP-244.5

N/A

Pool 30

2.65 to 8.11

MP-249.5 to MP-251

2MP-244.5

to 249.5

Pool 31

0.97 to 4.61

N/A

3MP-249.5

to MP-256.5

N/A

3MP-256.5

to MP 261.5

Pool 32

3.20 to 4.86

Pool 33

5.72 to 6.53

MP-261.5 to 267.5

3N/A

Pool 34

5.07 to 6.01

MP- 267.5 to 269.5

3MP-269.5

to MP-223.5

to MP- 271.5

3MP- 271.5 to MP- 278.5
Pool 35
3.59 to 6.64
N/A
1Vicinity of Lost Hills Oil Field; 2Potential geotechnical effects; 3Potential oil and other effects;
4 California Aqueduct Adjusted NGVD29 Kettleman-Edmonston+Lat Long (CASP) Report, June 2022

277

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

Friant-Kern Canal Monitoring Plan

Kern Subbasin is in contact with the FWA and will continue to work with FWA on filling data gaps
as well as coordinate on a monitoring network. The Friant Water Authority (in conjunction with the
Bureau of Reclamation) is developing a system-wide Friant-Kern Canal Capacity Correction
Program (Program). Both entities have already begun the correction phase of the Middle Reach,
which experienced significant capacity loss (over 40 percent) as a result of regional subsidence. The
proposed monitoring program includes identifying impacts to water supplies from the loss of flow
capacity in the Lower Reach. Several Kern Subbasin representatives are involved in the Program
and will continue to monitor the Program with respect to SGMA compliance and implementation.
In addition to FWA’s subsidence monitoring reports, InSAR data will, at a minimum, be reviewed
on an annual basis to inform Management Areas of whether subsidence rates could lead to an
undesirable result. InSAR data will be ground-truthed by comparison to NOAA CORS station P564
(at Wasco-Kern County Airport) and P565 (at Delano Municipal Airport). In addition to any future
CGPS, extensometer, or other pertinent facilities that may be constructed in the future in or adjacent
to the monitoring corridor.
Monitoring Corridor
The subsidence monitoring corridor for the FKC will include lands within 2.5 miles on either side
of the FKC (i.e., total of five miles wide centered on the FKC). The width of the monitoring
corridor was based on a review of Subbasin hydrogeology, historical InSAR datasets, and current
land use in the area.
Areas of Interest (AOIs)
The Subbasin was recently awarded a $7.6 million DWR grant that includes funding for basin-wide
proposals includes subsidence monitoring in 2 areas of interest along the FKC, which are identified
as AOI-1 and -3.
•

•

AOI-1 is situated east-northeast of the City of McFarland, along the FKC between Mileposts
120 and 130. The lithology presented on the cross sections indicate the presence of multiple
clay layers below the water table. The completion report for a nearby well (approximately 1
mile west of the FKC) indicates there is a roughly 50-foot-thick clay layer at a depth of
approximately 350 feet and two other clay layers at depths between approximately 900 to
1,000 feet.
AOI-3 is situated west-southwest of the community of Famoso, along the FKC between
Mileposts 130 and 137. Geologic cross sections show substantive clay units are present
beneath the majority of AOI-3 at depths of approximately 250 to 300 feet (referred to as the
300-Foot Clay) and 750 to 800 feet (referred to as the 700-Foot Clay).

Data from DWR’s California Groundwater Live website will be used to determine the annual
subsidence rate and reporting purposes.
Subsidence monitoring is needed to understand the causes of subsidence, the potential risk of
damaging critical infrastructure, and how to set minimum thresholds to avoid significant impacts to
critical infrastructure in the Subbasin. Regional coordination of monitoring is key to the design of

278

Kern Groundwater Authority
AMENDED GROUNDWATER SUSTAINABILITY PLAN

the network in the Subbasin because regional groundwater extraction is a main driver for regionalscale subsidence, along with subsurface geologic conditions. In addition, if significant impacts to
critical infrastructure due to subsidence associated with oil and gas activities identified through
regional monitoring, they will be communicated to DOGGR to address as appropriate pursuant to
Public Resources Code 3315.
The basis for the design of land subsidence monitoring in the Subbasin is CWC 23 CCR § 354.34.
Below are excerpts of the code with pertinent requirements to the Subbasin monitoring network.
Based on 23 CCR § 354.34, the following are some of the key criteria considered for Subbasin
monitoring:
•

The monitoring will collect sufficient data for seasonal, short-term, and long-term trends in
groundwater and related surface conditions.

•

The monitoring network will focus on collecting subsidence data (rate and extent) to avoid
undesirable results, which for subsidence is defined as “…the point at which significant and
unreasonable impacts, as determined by a subsidence rate and extent in the basin, affects the
surface land uses or critical infrastructure…”.

•

The monitoring network will be based on scientific rationale.

§ 354.34. Monitoring Network
(a) Each Agency shall develop a monitoring network capable of collecting sufficient data to
demonstrate short-term, seasonal, and long-term trends in groundwater and related surface conditions,
and yield representative information about groundwater conditions as necessary to evaluate Plan
implementation.
…

(c) Each monitoring network shall be designed to accomplish the following for each sustainability
indicator:

…
(5) Land Subsidence. Identify the rate and extent of land subsidence, which may be measured by
extensometers, surveying, remote sensing technology, or other appropriate method.
…

(g) Each Plan shall describe the following information about the monitoring network:
(1) Scientific rationale for the monitoring site selection process.
….

(j) An Agency that has demonstrated that undesirable results related to one or more sustainability
indicators are not present and are not likely to occur in a basin, as described in Section 354.26, shall
not be required to establish a monitoring network related to those sustainability indicators.

Monitoring Protocols

The preliminary monitoring network is based on the following decision-making process (Figure 310), which represents continuous screening for land subsidence in the Subbasin by InSAR and
ground truthing where necessary. Where critical infrastructure is potentially susceptible to regional
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subsidence and subsidence is evident, then a determination is needed as to whether groundwater
extraction is causing the subsidence. If groundwater extraction is causing the subsidence, then the
following actions should be taken:
1.

groundwater level monitoring,

2.

additional ground-truthing of subsidence, and

3.

monitoring of the critical infrastructure.

Figure 3-10. Subsidence Monitoring Design Approach

Subsidence Monitoring Network within Areas of Interest
The subsidence monitoring network areas of interest (AOI) are shown in Figure 3-8. Five AOIs
were identified, in order of priority, to improve the subbasin monitoring network (AOI-1 to AOI-5).
Two of these areas are located along the Friant-Kern Canal, two are along the California Aqueduct,
and one area is for monitoring changes in land surface elevation along the northern boundary of the
subbasin where a significant amount of subsidence has been reported in the InSAR data.
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Figure 3-11. Regional Subsidence Monitoring Network
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Water Level Elevations
The collection of water level elevations should eb coordinated with subsidence monitoring points. If
no wells within the water level monitoring network of the Subbasin are located near AOIs then
monitoring wells at these locations will be identified for installation.
Five Areas of Interest
Based on the above monitoring design approach and recent InSAR and level surveying data from
State Water Project, Central Valley Project, and North Kern Water Storage District as scientific
rationale, four subsidence AOIs associated with critical infrastructure have been identified. In
addition, a fifth AOI has been identified at the north boundary of the Subbasin. These AOIs will be
covered by the monitoring network. Of these five, the stretch along CA Aqueduct MP 196 to 215
and MP 267 to 271 will be investigated to confirm if groundwater extraction is the cause of
subsidence.
Where groundwater extraction is not causing subsidence in an AOI, groundwater management will
not be a mitigating factor; therefore, the area will be removed from the AOI list for subsidence
monitoring.
Friant-Kern Canal (AOI 1)
This high priority area is located along the Friant Kern Canal between Mileposts 120 to 130, eastnortheast of the City of McFarland. The purpose of this AOI is to monitor subsidence along the
Friant Kern Canal and its related infrastructure. At times, InSAR monitoring has reported up to 5
inches per year of subsidence in areas surrounding this segment of the Friant Kern Canal. At
present, no significant impacts to the Friant Kern Canal have been reported along this portion of the
canal’s alignment. According to leveling survey data from Friant Water Authority (FWA, 2019), the
Friant Kern Canal invert may have subsided from 2 ft to 3 ft below original as-built elevations
between mileposts 120 to 135. Continued lowering of the canal invert can decrease freeboard from
the original as-built conditions, which may contribute to reduction in emergency storage capabilities
and delivery options of the Canal.
In contrast, beyond the Subbasin’s northern boundary, subsidence has caused significant impacts to
the Friant Kern Canal conveyance capabilities between mileposts 101 to 108.
Existing Monitoring
Currently, this area is screened by InSAR, and previous level surveying was performed by Friant
Water Authority at mileposts 120 to 135. There are no other active monitoring points except for
InSAR along this stretch.
New Monitoring Approach
A new CGPS station that monitors at the ground surface any subsurface subsidence, regardless of
the depth interval, is recommended in this area. Monitoring at this location will assist in the KGA
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and its member to determine the causes of subsidence. If is it is reasonability determined that local
agricultural extractions are the cause of subsidence at this location, the appropriate management
area will work towards establishing appropriate measurable objectives and minimum thresholds.
This CGPS data will complement any manual level surveys that may incorporate the Friant Water
Authority reported measuring points. CGPS data may also provide on-demand data as needed.
Coordination of Monitoring
Subsidence monitoring along the Friant Kern Canal benefits local stakeholders, CVP contractors,
and the Friant Water Authority. It is anticipated that this monitoring can be coordinated with Friant
Water Authority to share data as well as potentially share resources and cost.
Any level surveying along the canal from the United States Bureau of Reclamation Friant-Kern
benchmarks will require coordination with the Friant Water Authority.
CA Aqueduct Milepost 196 to 215 (AOI 2)
This high priority area is the segment of the California Aqueduct where an embankment failure
occurred at Milepost 208 in June 2011 (DWR, 2017c). This failure is partially attributed to
subsidence. The cause of this subsidence is unknown and is therefore a subject of monitoring at this
location. This area is along the Aqueduct between Mileposts 196 to 215 in the western central
subbasin (Figure 3-8). In addition to embankment failure, other consequences of subsidence include
loss in freeboard in the Aqueduct. This area has experienced at least 2 feet of subsidence since the
Aqueduct was constructed.
Existing Monitoring
Currently, this area is screened by InSAR and is monitored with level surveys every three to seven
years by the DWR’s DOE. There are no other active monitoring points along this stretch.
New Monitoring Approach
The source of subsidence, either by groundwater extraction activities or oil activities, will be
investigated by performing well records searches from DWR well completion records, the Kern
County Public Health Department well permit records, and the DOGGR’s databases. If necessary, a
field well survey may be performed. Coordination may be needed with local stakeholders to
confirm the magnitude of groundwater extracted within 1 mile of this portion of the Aqueduct’s
alignment and the volume of fluids extracted and injected by oil and gas activities within 1 mile of
this alignment. A third potential source for subsidence in this area could be hydrocompaction,
which was identified during the initial design and construction of the Aqueduct. Pre-consolidation
of soil was performed during initial construction so hydrocompaction is likely not significant,
however, it cannot be ruled out at this time.
If it is determined that groundwater extraction is playing a role in subsidence for this area, a
monitoring point should be installed away from the footprint of the Aqueduct to avoid potential
signatures of hydrocompaction if any exist. If there is question of whether some of the subsidence is
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related to nearby oil and gas activities, then an extensometer should be installed in the interval
where groundwater production occurs. An extensometer will provide data of subsidence pertaining
to intervals with groundwater production, whereas a CGPS would capture any subsidence regardless
of the depth interval.
Coordination of Monitoring
Subsidence monitoring along the Aqueduct benefits local stakeholders, State Water Project (SWP)
contractors, and the DWR’s DOE. It is anticipated that this monitoring can be coordinated with
DWR to share data as well as potentially share resources and cost.
Friant-Kern Canal Milepost 130 to 137 (AOI 3)
This medium priority area is located along the Friant Kern Canal between Mileposts 130 to 137,
southwest of Famoso and Poso Creek. The purpose of this AOI is to monitor subsidence along the
Friant Kern Canal infrastructure where InSAR and local stakeholders have reported subsidence in
the surrounding area. As with AOI-1, no significant impacts to the Friant Kern Canal have been
reported along this stretch. According to leveling survey data from the Friant Water Authority
(2019), the Friant Kern Canal invert may have subsided from 2 ft to 3 ft below original as-built
elevation between Mileposts 120 to 135. Continued lowering of the canal invert can decrease
freeboard from the original as-built conditions, which may contribute to reduction in emergency
storage capabilities and delivery options of the Canal.
Existing Monitoring
Currently, this area is screened by InSAR, and previous level surveying was performed by the
Friant Water Authority at Mileposts labeled on Figure 3-11.Local districts monitor this stretch
regularly. Currently there are no continuous monitoring points along this stretch.
New Monitoring Approach
A CGPS station that monitors from the ground surface, any subsurface subsidence regardless of the
depth interval, is recommended because the only known cause of subsidence in this area is
attributed to groundwater extraction. This CGPS data will complement manual level surveys from
local district surveys. CGPS data will also provide nearly on-demand data as needed.
Where possible, this station should be tied into benchmark surveys performed by local districts.
Coordination of Monitoring
Subsidence monitoring along the Friant Kern Canal benefits local stakeholders, CVP contractors,
and the Friant Water Authority. It is anticipated that this monitoring can be coordinated with Friant
Water Authority to share data as well as potentially share resources and cost.
Any level surveying along the canal from the Friant-Kern Canal benchmarks will require
coordination with the Friant Water Authority.
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CA Aqueduct Milepost 267 to 271 (AOI 4)
This medium priority area is located along the Aqueduct between Milepost 267 to 271 near Old
River Road. InSAR data report subsidence southwest and along I-5 and southwest toward the
Aqueduct along Old River Road. A former CGPS station (BKR1/2) located about 5 miles north of
the Aqueduct along Old River Road also reported significant subsidence; however, this station has
since been decommissioned (2016).
Existing Monitoring
Currently, this area is screened by InSAR, and is monitored by level surveying every three to seven
years by the DWR’s DOE. There are no other active monitoring points along this stretch.
New Monitoring Approach
Groundwater extraction is potentially the source of subsidence, so a continuous monitoring station
such as a CGPS or extensometer will be installed. Other potential sources could be oil and gas
extraction and hydrocompaction. A DOGGR records search may provide sufficient information to
understand the extent of oil and gas extraction in this area. Although hydrocompaction may not be
significant because of pre-consolidation practices during Aqueduct construction, nonetheless, in
order to avoid potential signatures of hydrocompaction, a monitoring point should be installed away
from the footprint of the Aqueduct. If feasible during the siting study, the site location may be
selected to the north between the Aqueduct and former BKR1/2.
Where possible, this station should be tied to benchmark surveys performed by local districts.
Coordination of Monitoring
Subsidence monitoring along the Aqueduct benefits local stakeholders, SWP contractors, and the
DWR’s DOE. It is anticipated that this monitoring can be coordinated with DWR to share data as
well as potentially share resources and cost.
North Boundary of Subbasin (AOI 5)
This medium priority area is in the northern quarter of T25S-R24E and T25S-R25E. Currently, this
AOI does not have recognized susceptible critical infrastructure. It has significant subsidence
reported both historically (USGS level surveys) and recently (InSAR). A CGPS station in this area
will provide a needed ground truthing point to confirm InSAR readings and will act as a useful
monitoring point to gauge progress of groundwater management along the border of the subbasin in
relation to neighboring subbasins to the north.
Existing Monitoring
Currently, this area is screened by InSAR. There are no other active monitoring points along this
stretch.
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New Monitoring Approach
Monitoring at this location will assist in the KGA and its members to determine the causes of
subsidence. If is it is reasonability determined that local agricultural extractions are the cause of
subsidence at this location, the appropriate management area will work towards establishing
appropriate measurable objectives and minimum thresholds. If local groundwater extraction is
determined to be the source of subsidence more detailed subsidence monitoring will be undertaken.
a CGPS or extensometer monitoring station should be installed. Where possible, this station should
be tied in to benchmark surveys performed by local districts.
Coordination of Monitoring
Subsidence monitoring along the subbasin boundary benefits local stakeholders in Kern County
subbasin and adjacent subbasins. In the future, data may be shared with neighboring GSAs for
coordination.
3.4.83.6.8

Assessment and Improvement of Monitoring Network

The following section describes data gaps and improvements for groundwater elevations,
groundwater quality, and land subsidence. While this section provides the overall data gaps
observed within the KGA, details for each management area can be found in the respective
management area plan.
3.4.8.13.6.8.1

Groundwater Elevation and Storage

As referenced in § 352.4 of the regulations, “If an Agency relies on wells that lack casing
perforations, borehole depth, or total well depth information to monitor groundwater conditions as
part of a Plan, the Agency shall describe a schedule for acquiring monitoring wells with the
necessary information or demonstrate to the Department that such information is not necessary to
understand and manage groundwater in the basin.”
Well types and construction details will need to be determined to improve on the monitoring
network. Downhole well surveys and desktop surveys will be utilized for existing wells to fill in the
well construction details gap. New dedicated monitoring wells and converted monitoring wells from
production wells will be utilized to fill in the monitoring network spatial extent and density. Plans
for improvement will be developed during the next few years to be ready for proposal.
Currently, groundwater elevation and sampling measurements are not scheduled according to the 1
to 2-week period during the middle of Spring and middle of Autumn, as recommended by DWR’s
Monitoring Protocol BMP. Consequently, groundwater elevations and hydraulic gradients in the
Subbasin are reported according to a broader range of time between Spring and Fall.
To minimize the effects of a temporal data gap in the future, it will be necessary to coordinate the
collection of groundwater elevation data such that it occurs within a two-week window during the
key reporting periods of mid-March and mid-October.
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3.4.8.23.6.8.2

Groundwater Quality

New dedicated monitoring wells and converted monitoring wells from production wells will be
utilized to fill in the monitoring network spatial extent and density. Plans for improvement will be
developed during the next few years to be ready for proposal.
3.4.8.33.6.8.3

Land Subsidence

As described above, the Subbasin has agreed to a joint effort of monitoring subsidence at critical
location in the Subbasin. The proposed monitoring program is to understand the causes of
subsidence, the potential risk of damaging critical infrastructure, and how to set minimum
thresholds to avoid significant impacts to critical infrastructure in the Subbasin.
3.4.93.6.9

Monitoring Summary

The monitoring networks as described above will leverage existing networks for groundwater
elevations and storage, groundwater quality, and land subsidence. The networks will be improved
upon with data reported semiannually to meet the objectives of this plan. The networks will be
evaluated as often as possible to consider improvements and adjustments, and at a minimum, every
5 years, the network reports will summarize the results against measurable objectives. The network
improvement plan is provided below.
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4

Projects and Management Actions
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 4-1 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, other GSAs in the Subbasin, and grants, as appropriate.

Project Name
Subsidence
Monitoring (basinwide)

Table 4-1: Kern Groundwater Authority Projects and Management Actions
Project Description
Improve the understanding of the causes and impacts of subsidence in the Subbasin.
Installation of subsidence monitoring stations in 2023 with funding from the Budget Act of 2021
Sustainable Groundwater Management (SGM) Grant Program SGM Act Implementation – Round 1
Grant.
Work with the DWR CA Aqueduct staff and Friant staff to continue the studies and exchange of data
to improve the sustainable management criteria for each critical regional infrastructure
Implementation Period: 2020 to 2025

Groundwater
Modeling (basinwide)

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.
Continue the development of the Kern subbasin data management system that will assist in improving
the understanding as well as provide access to the data to stakeholders and beneficial users.
Enhancing the transparency of the data as well as addressing any minimum threshold exceedances.
Implementation Period: 2020 to 2025. Funding provided through the Budget Act of 2021 Sustainable
Groundwater Management (SGM) Grant Program SGM Act Implementation – Round 1 Grant.

Study of Native
Yield of the
Subbasin

Kern County
Subbasin, Basinwide Study

Studies to refine the understanding and allocation of the available native groundwater yield within the
Subbasin.
Implementation Period: 2020 to 2025. Funding provided through the Budget Act of 2021 Sustainable
Groundwater Management (SGM) Grant Program SGM Act Implementation – Round 1 Grant.
• Basin Study: Basin Study to develop a systematic technical analysis to better represent and
understand the flow of groundwater and surface water into, through and out of the Kern
Subbasin.
• Evapotranspiration Analysis & Study: Field by Field Project compliments the Basin Study by
groundwater truthing the water demand part of SGMA. The Component will provide data on the
soil types and farming methods to further investigate the different crops planted and best way to
meet water demands, providing a more accurate account of water usage.
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Project Name

Project Description
• Subsidence Investigation and Study: Priority Area #1 Data collection: Data to set the SMC for
Kern subsidence. Strategically placed extensometers would provide the data necessary to set
SMC as well as considering the other activity of extractions occurring in the basin, oil extractions.
• New or Converted Monitoring Wells: Improve existing monitoring network throughout the Kern
subbasin.
Implementation Period: 2022 to 2005. Funding provided through the Budget Act of 2021 Sustainable
Groundwater Management (SGM) Grant Program SGM Act Implementation – Round 1 Grant.

Subbasin Wide
Consumptive Use
Monitoring

Development of basin-wide consumptive use data to support water budget analyses, basin-wide
modeling, groundwater native yield analysis and allocation, and annual reporting requirements

Managing to
Measurable
Objectives

KGA members manage to checkbook water budgets as well as implement projects and management
actions within their respective management areas to sustain water levels at or above the established
measurable objectives.

Implemented in 2023. Funding provided through the Budget Act of 2021 Sustainable Groundwater
Management (SGM) Grant Program SGM Act Implementation – Round 1 Grant.

Implementation: 2020 to ongoing
Domestic Well
Mitigation Program

A Domestic Well Mitigation Program will be developed and implemented by all KGA members. The
purpose of this program is to mitigation the potential impact of declining groundwater elevations
resulting from groundwater management actions.
Implementation Period: 2020 to ongoing. Funding will be determined by individual members within
their respective management areas.

KGA Monitoring
Network
Improvement
Program

The KGA will work with its member entities, and other Subbasin GSAs, to continue to improve and
reach SGMA compliance for identified representative monitoring sites. The KGA will work to identify
joint projects and programs to ensure efficient installation and/or rehabilitation of monitoring wells and
data collection and reporting efforts.
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. The Kern subbasin to continue
to address minimum threshold exceedances in the annual report.
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 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
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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 150 140 projects and management actions either planned for, underway, or
completed as of 2022. 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 Delta Conveyance Project 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 statewide 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.

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.

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.
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
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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.

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.

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.

292

n Groundwater Authority
ENDED GROUNDWATER SUSTAINABILITY PLAN

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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Table 4-2: KGA Member Entities List of Projects and Management Actions
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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Table 4-2: KGA Member Entities List of Projects and Management Actions Continued
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