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Mr. Joseph D. Hughes

Klein, DeNatale, Goldner, Cooper, Rosenlieb & Kimball, LLC
4550 California Avenue, Second Floor

Bakersfield, California 93389-1172

Subject: Groundwater Assessment Report
Westside Districts and Western Supplemental Area
Kern and Kings Counties, California

Dear Mr. Hughes:

Amec Foster Wheeler Environment & Infrastructure, Inc. (Amec Foster Wheeler), has prepared
the enclosed Groundwater Assessment Report (GAR) on behalf of Klein, DeNatale, Goldner,
Cooper, Rosenlieb & Kimball, LLP and your client, the Westside Water Quality Coalition
(Coalition). The Coalition is acting as a Third Party Coalition pursuant to General Waste
Discharge Requirements, Order No. R5-2013-0120 (General Order) that was issued by the
California Regional Water Quality Control Board (RWQCB, 2013).

The GAR comprises a study area that includes the original Coalition (Belridge Water Storage
District, Berrenda Mesa Water District, Dudley Ridge Water District, and Lost Hills Water
District), including the Western Supplemental Area, pursuant to provisions of the General Order.
This GAR presents the available background information on hydrogeology and groundwater
guality below the Study Area as well as a summary of agricultural irrigation practices.
Background information was obtained from a variety of public and private sources and has been
interpreted using a geographical information system to identify areas that might be more
vulnerable to groundwater degradation from agricultural practices.

Amec Foster Wheeler has evaluated recent irrigated agricultural methods, depth to first
encountered groundwater, and analytical data that might indicate an impact on groundwater
quality from irrigated agriculture. High vulnerability areas are identified for first encountered
groundwater based on evidence of an existing agricultural impact to first encountered
groundwater, except in areas where groundwater salinity renders the groundwater unsuitable for
drinking water without expensive desalination treatment.

We certify under penalty of law that this document and all attachments were prepared under our
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on our inquiry of the persons
who manage the system, or those persons directly for gathering the information, the information
submitted is, to the best of our knowledge and belief, true, accurate and complete. We are
aware that there are penalties for submitting false information, including the possibility of fine
and imprisonment.

Amec Foster Wheeler Environment & Infrastructure, Inc.
1281 East Alluvial Avenue, Suite 101

Fresno, California 93720-2659

USA

Tel (559) 264-2535

Fax (559) 264-7431

www.amecfw.com
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Amec Foster Wheeler is pleased to be of service to Klein, DeNatale, Goldner, Cooper,
Roseniieb & Kimball, LLP and your client, the Coalition. If you have questions about this report,
please call either of the undersigned.

Sincerely yours,
Amec Foster Wheeler Environment & Infrastructure, Inc.

/-

Gary L. Kramer, PG
Senior Associate Hydrogeologist Principal Environmental Scientist

Enclosure
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This report was prepared by the staff of Amec Foster
Wheeler Environment & Infrastructure, Inc., under the
supervision of the Geologist whose seal and signature
appear hereon.

The findings, recommendations, specifications, or
professional opinions presented in this report were
prepared in accordance with generally accepted
professional geologic practice and within the scope of
the project. No other warranty, express or implied, is
provided.

Y A

Gary L. Kramer, PG
Senior Associate Geologist
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GROUNDWATER ASSESSMENT REPORT
Westside Districts and Western Supplemental Area
Kern and Kings Counties, California

EXECUTIVE SUMMARY

The Westside Water Quality Coalition (Coalition) is acting as a Third Party Coalition pursuant
to General Waste Discharge Requirements, Order No. R5-2013-0120 (General Order) that
was issued by the California Regional Water Quality Control Board (RWQCB, 2013).

On behalf of the Coalition, Amec Foster Wheeler Environment & Infrastructure, Inc. (Amec
Foster Wheeler), has prepared this Groundwater Assessment Report for the original Coalition
(Belridge Water Storage District, Berrenda Mesa Water District, Dudley Ridge Water District,
and Lost Hills Water District), including the Western Supplemental Area (collectively the Study
Area, as shown on Figure 1), pursuant to provisions of the General Order. This Groundwater
Assessment Report presents the available background information on hydrogeology and
groundwater quality below the Study Area as well as a summary of agricultural irrigation
practices. Background information was obtained from a variety of public and private sources
and has been interpreted using a geographical information system to identify areas that might
be more vulnerable to groundwater degradation from agricultural practices.

Amec Foster Wheeler has evaluated recent irrigated agricultural methods, depth to first
encountered groundwater, and analytical data that might indicate an impact on groundwater
quality from irrigated agriculture. High vulnerability areas are identified for first encountered
groundwater based on evidence of an existing agricultural impact to first encountered
groundwater, except in areas where groundwater salinity renders the groundwater unsuitable
for drinking water without expensive desalination treatment.

Amec Foster Wheeler
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GROUNDWATER ASSESSMENT REPORT
Westside Districts and Western Supplemental Area
Kern and Kings Counties, California

1.0 INTRODUCTION

The Westside Water Quality Coalition (Coalition) is acting as a Third Party Coalition pursuant
to General Waste Discharge Requirements, Order No. R5-2013-0120 (General Order) that
was issued by the California Regional Water Quality Control Board (RWQCB) (Appendix A;
RWQCB, 2013). The Coalition originally included the areas of Belridge Water Storage District
(BWSD), Berrenda Mesa Water District (BMWD), Dudley Ridge Water District (DRWD), and
Lost Hills Water District (LHWD). Amec Foster Wheeler Environment & Infrastructure, Inc.
(Amec Foster Wheeler), has separately prepared a Groundwater Assessment Report (GAR)
for the northern part of the Coalition’s jurisdiction that includes Kettleman Plain and Sunflower
Valley. As a condition of acceptance for the Coalition, the RWQCB (2014) also included the
Western Supplemental Area (WSA) (Figure 1) as part of the Coalition’s jurisdiction. The
Coalition has requested that Amec Foster Wheeler prepare a GAR for the Districts and WSA
(collectively the Study Area), pursuant to provisions of the General Order. Amec Foster
Wheeler has prepared this GAR for the Study Area to address the Coalition’s request.

The General Order indicates the purpose of the GAR is to provide the foundational information
necessary for design of the Management Practices Evaluation Program, the Groundwater
Quality Trend Monitoring Program, and the Groundwater Quality Management Plan.

To accomplish this purpose, the GAR must:

e assess all available, applicable, and relevant data and information to determine the
high and low vulnerability areas where discharges from irrigated lands may result in
groundwater quality degradation;

e establish priorities for implementation of monitoring and studies within high
vulnerability areas;

e provide a basis for establishing work plans to assess groundwater quality trends;

e provide a basis for establishing work plans and priorities to evaluate the
effectiveness of agricultural management practices to protect groundwater quality;
and

e provide a basis for establishing groundwater quality management plans in high
vulnerability areas and priorities for implementation of those plans.

Amec Foster Wheeler
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This GAR presents the available background information on hydrogeology and groundwater
guality below the Study Area as well as a summary of agricultural irrigation practices.
Background information was obtained from a variety of public and private sources and has
been interpreted using a geographical information system to identify areas that might be
vulnerable to groundwater degradation from agricultural practices. Amec Foster Wheeler has
evaluated water quality criteria that would be applicable for municipal supply (MUN),
agricultural supply (AGR), and industrial service supply (IND). That summary is provided in
Appendix B, and the water quality criteria summarized in Table 1 are used to evaluate
groundwater usability in the remainder of this report.

2.0 STUDY AREA

The following subsections are summaries of relevant information pertaining to each of the
Districts and WSA.

2.1 BELRIDGE WATER STORAGE DISTRICT

The BWSD encompasses 93,000 acres of land in western Kern County (Figure 1). BWSD
slopes from the Antelope Hills and Belridge Oil Field on the west to the California Aqueduct in
the valley floor on the east. The BWSD has a contract for 121,508 acre-feet per year of
irrigation water from the State Water Project (SWP) to about 52,000 acres of developed
agricultural land between Highway 33 on the west and the Kern River Floodway on the east
and California Highway 46 and the community of Lost Hills on the north (BWSD, 2012).
This allocation of SWP water amounts to about 2.3 acre-feet per acre annually. Although
0.02 percent (%) of the acreage is classified as developed (USDA, 2015), no established
communities are present within the BWSD. Oil field operations are present along the west
side of California Highway 46 and immediately south of Lost Hills. A food processing plant
along Highway 46 is also within the BWSD. In water short years, BWSD purchases
supplemental water and recovers previously banked supplies from groundwater banking
projects on the Kern Fan.

BWSD'’s Agricultural Water Management Plan (2012) indicates:

“The land serviced by BWSD does not have a subsurface drainage water problem.
There are no on-farm subsurface tile drains. On-farm tail water (surface) drainage
within the District is also minimal due to the use of pressurized irrigation systems.
In the cases where on-farm tail water is generated, the water users typically contain
it within the property. So, there are no drainage discharges from the District.”

“Groundwater quality has not been monitored on a consistent basis in BWSD.
The limited data and historical use indicate that the groundwater is saline. Total

Amec Foster Wheeler
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dissolved solids (TDS) concentrations have ranged from 500 to over 6,000 mg/L.

The groundwater quality of most wells in the District is not generally considered
suitable for most agricultural applications unless it is blended with better quality water.
By comparison, TDS concentrations in SWP water provided to BWSD generally ranges
from 150 to 500 mg/L. In portions of BWSD, the groundwater also contains high boron
and sulfate concentrations, which further reduces its suitability for agricultural
purposes. Until recently, use of groundwater as a supplemental water supply was
thought to be uneconomical. However, because recent reliability studies from DWR
indicate reliable supplies on the SWP around 67% of Table A amounts, and given the
tolerance of some crops, namely pistachios, to higher concentrations of salts in
irrigation water, some landowners have blended a limited amount of groundwater with
surface water to supplement their supplies. However, the viability of these sources as
long-term supplies is still in question.”

“BWSD participates in groundwater banking projects outside of the District boundaries
just southwest of the City of Bakersfield.”

BWSD’s plan also summarizes the predominant crops grown by percentage:

Acreage
Crop Percentage
Almonds 54.4%
Pistachios 30.7%

These crops are permanent orchards with water-efficient irrigation systems.

2.2 BERRENDA MESA WATER DISTRICT

BMWD encompasses 55,440 acres of land in the upper Antelope Plain (Figure 1). BMWD
extends north and west of BWSD and is bordered by California Highway 46 on the south, the
Coastal Aqueduct along the north, and Lost Hills Oil Field on the west. BMWD has a contract
for 92,600 acre-feet per year of irrigation water from the SWP to 49,000 acres of developed
agricultural land (BMWD, 2013). This SWP allocation amounts to about 1.9 acre-feet per acre
annually. Approximately 0.7% of the BMWD is classified as developed land (USDA, 2015),
which includes the community of Blackwells Corner. A food processing plant is located within
the BMWD along Highway 33. Groundwater beneath the BMWD is of poor mineral quality and
is not used for potable water supply. BMWD patrticipates in water banking projects, located
immediately adjacent the Kern River, to develop water supplies that can be available during
dry years. In water short years, BMWD purchases supplemental water.

BMWD'’s Agricultural Water Management Plan (BMWD, 2012) indicates:

“The land serviced by BMWD does not have a subsurface drainage water problem.
There are no on-farm subsurface tile drains. On-farm tail water (surface) drainage
within the District’s service is also minimal due to the use of pressurized irrigation

Amec Foster Wheeler
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systems. In the cases where on-farm tail water is generated, the water users typically
contain it within the property, as stated in the District’s Operating Rules and
Regulations.”

“Groundwater aquifers in the BMWD area are considered to be unconfined or semi-
confined. Shallow groundwater is naturally recharged by infiltration from runoff in
intermittent stream channels and natural depressions which has a significant impact on
guality. However, this is a minor, local effect that does not affect the deeper aquifer in
the Tulare/alluvium formation as significantly as recharge from the adjacent Temblor
Range which is comprised of mainly of tilted and folded marine sediments.
Groundwater quality in the deeper aquifer (Tulare Formation) beneath the District is by
nature of poorer quality, because of its recharge source (Temblor Range). Because of
its limited lateral and vertical extent, poor quality and relatively low permeability, neither
the shallow nor deeper aquifers provide an adequate groundwater supply to irrigate
lands extensively in the District.”

“Groundwater quality has not been monitored on a consistent basis in BMWD because
historically this water has not been considered a reliable water supply. The limited
data and historical use indicate that the groundwater is saline. Total dissolved solids
(TDS) concentrations have ranged from 500 to over 6,000 mg/L. The groundwater
guality of most wells in the District is not generally considered suitable for most
agricultural applications unless it is blended with better quality water. By comparison,
TDS concentrations in SWP water provided to BMWD generally ranges from 150 to
500 mg/L. In portions of BMWD, the groundwater also contains high boron and sulfate
concentrations, which further reduces its suitability for agricultural purposes. Until
recently, use of groundwater as a supplemental water supply was thought to be
uneconomical. However, because recent reliability studies from DWR indicate reliable
supplies on the SWP around 67% of Table A amounts, and given the tolerance of
some crops, hamely pistachios and some cotton varieties, to higher concentrations of
salts, two landowners have blended a limited amount of groundwater with surface
water to supplement their supplies. However, the viability of these sources as long-
term supplies is still in question, as the quality has been declining.”

“No groundwater recharge resources within the District are supported by the District's
water supplies. However, the District participates in the Pioneer and the Berrenda
Mesa banking projects. In addition one landowner participates in the Kern Water Bank
Authority (all outside of the District on the Kern River alluvial fan).”

BMWD'’s plan also summarizes the predominant crops grown by percentage:

Acreage
Crop Percentage
Pistachios 50.4%
Almonds 29.5%

These crops are permanent orchards with water-efficient irrigation systems.

Amec Foster Wheeler
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2.3 DUDLEY RIDGE WATER DISTRICT

DRWD encompasses 37,600 acres of land extending north of the border of Kings and Kern
counties on the south, the California Aqueduct on the west, Tulare Lake Bed on the east, and
a narrow strip of land on either side of Interstate Highway 5 north to (but not including)
Kettleman City (Figure 1). DRWD has a contract for 50,343 acre-feet per year of SWP water
that is currently used on 17,000 acres of developed agricultural land. This allocation of SWP
water amounts to about 2.9 acre-feet per acre annually. Although 2.7% of DRWD is classified
as developed land (USDA, 2015), DRWD does not include established communities. The
northern border of DRWD abuts the community of Kettleman City. Groundwater from the
DRWD is of poor mineral quality and is not used for potable water supply; DRWD indicates
that one well (Section 17, 23S/20E) is used for toilets and sinks (bottled water used for
drinking). DRWD patrticipates in the water banking projects, located immediately adjacent to
the Kern River, to develop water supplies that can be available during dry years. In water
short years, DRWD can purchase supplemental water.

DRWD'’s Agricultural Water Management Plan (DRWD, 2012) indicated:

“The District does not own or operate any subsurface drainage facilities. Shallow
groundwater conditions experienced prior to the late 1980’s have long since been
alleviated by extensive landowner conversions to low-volume irrigation systems.
Landowners are required by the District to maintain applied water on their lands—
privately operated tail water/spill recovery systems are in place to accomplish this
element of water management.”

“Although the District lies within the boundaries of what is defined as the Tulare Lake
groundwater basin, it is categorized by DWR in Bulletin 118 as having “groundwater
unavailable and/or unusable”. Most wells in the area have been abandoned due to
poor yield and poor water quality...the District has developed or participated in
groundwater banking projects located elsewhere in the state to increase the dry year
reliability of its water supply.”

DRWD'’s plan also summarizes the predominant crops grown by percentage:

Acreage
Crop Percentage
Pistachios 43.9%
Almonds 28.3%
Pomegranates 14.7%

These crops are permanent orchards with water-efficient irrigation systems.
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2.4 LOST HILLS WATER DISTRICT

LHWD encompasses 72,183 acres of land and extends east of BMWD to the Kern National
Wildlife Refuge (Refuge), south to the community of Lost Hills, and north to the border of Kings
and Kern counties (Figure 1). LHWD supplies 119,110 acre-feet per year of SWP water to
about 56,000 acres of developed agricultural land (LHWD, 2012a). This allocation of SWP
water amounts to about 2.2 acre-feet per acre annually. Approximately 0.6% of LHWD is
classified as developed, which includes the community of Lost Hills (see subsection 2.5).

A food processing plant is located within LHWD along King Road. Devils Den Qil Field
borders LHWD along the northwest and Lost Hills Oil Field borders along the south of LHWD.
Qil field operators extract oil and re-inject associated brine into exempted aquifers for disposal
or use in water or steam flood enhanced petroleum recovery operations. Groundwater from
the LHWD is of poor mineral quality and is not used for potable water supply. In water short
years, LHWD purchases supplemental water.

LHWD's Agricultural Water Management Plan (LHWD, 2012b) indicates:

“The District does not own or operate any surface water drainage facilities (on-farm tail
water return systems are owned and operated by the landowners). The District also
does not own any on-farm subsurface drainage systems. The District does own a
subsurface drain water evaporation pond system, which was acquired from the
landowners who built the system. This system includes the evaporation ponds and
associated land, and the discharge sumps, pumps and piping.

“The District primarily supplies agricultural water to growers within its boundaries with a
small amount of industrial water delivered annually to agricultural processing facilities
and oil production customers. The District supplies no municipal water. The industrial
water supplied makes up about one percent of the District's normal annual water
deliveries.”

“There are three groundwater zones within the District: "perched" or shallow,
"unconfined" and "confined". Shallow groundwater is found above a clay layer called
the "A” clay, which is about 40 feet below the ground surface. This shallow
groundwater is generally of such poor quality that it is unacceptable for irrigation use.
Observation wells located within the shallow groundwater area have shown TDS (total
dissolved solids) levels ranging from 5,000 to near 100,000 parts per million (ppm).
The unconfined aquifer lies on top of a thick, nearly impervious clay layer called the
Corcoran Clay. The Corcoran Clay lies 600 to 700 feet below the ground surface. The
water quality of the unconfined aquifer as measured by KCWA generally ranges from
500 to over 5,000 ppm TDS within the eastern part of the District. The confined aquifer
is found below the Corcoran Clay. This water is generally of better quality than the
unconfined aquifer water and is the best chance to obtain useable groundwater within
the District. The water quality of the confined aquifer as measured by KCWA generally
ranges from 500 to 3,000 ppm TDS within the eastern part of the District.”
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“No groundwater recharge resources within the District are supported by the District's
water supplies. However, the District participates in the Pioneer and the Berrenda
Mesa banking projects. In addition one landowner participates in the Kern Water Bank
Authority (all outside of the District on the Kern River alluvial fan).”

LHHD'’s plan also summarizes the predominant crops grown by percentage:

Acreage
Crop Percentage
Pistachios 42.9%
Pomegranates 30.3%
Almonds 23.0%

These crops are permanent orchards with water-efficient irrigation systems.

2.5 WESTERN SUPPLEMENTAL AREA

The WSA includes about 150,000 acres of land west of the Districts to the crest of the coast
range mountains. The WSA includes about 100,000 acres of land within Kern County.
However, the western Kern County border only approximates the crest of the coast range,
and the WSA also includes about 50,000 acres of land in eastern San Luis Obispo County.
The WSA includes mountains of the Temblor Range that have been used primarily for oil field
operations and cattle grazing. Occasionally, dry land farming has been conducted in isolated
areas. No communities are located within the WSA. The Kern County Integrated Regional
Water Management Plan prepared by Kennedy/Jenks Consultants did not identify any
groundwater basins within the WSA (Kennedy/Jenks, 2011). Similarly, the Integrated
Regional Water Management Plan recently prepared by San Luis Obispo County Water
Resources Division did not identify any groundwater basins within the WSA (SLOCWRD,
2014).

3.0 STUDY AREA ENVIRONMENT

The Study Area is located along the western edge of Kern and Kings Counties within the
Tulare Lake Basin, as regulated by the RWQCB (Figure 1). As described previously, the
Study Area includes the communities of Lost Hills and Blackwells Corner, as well as Beer
Nose Oil Field, Belridge Oil Field, Blackwells Corner Oil Field, Cal Canal Oil Field, Lost Hills
Qil Field, and portions of other oil fields. Kettleman City is located just north and just outside
of DRWD. The Temblor range borders the Districts on the west, and the valley floor of Tulare
Lake Basin borders the Study Area on the east. The California Aqueduct and Interstate 5
traverse through the Study Area from the northwest (Kettleman City) to the southeast toward
the City of Buttonwillow.
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3.1 GEOLOGY

The Study Area is within the southwestern portion of the San Joaquin Valley. Regional
geology in the southwestern San Joaquin Valley is characterized by a long history of structural
deformation associated with tectonic movement along the continental borderland, including the
prominent and still active San Andreas Fault. Uplift of the Sierra Nevada east of the valley,
later uplift of the Temblor Range on west side, and formation of the deep structural trough
beneath the valley floor, have resulted in the accumulation of more than 20,000 feet of marine
and terrestrial sediments of Cretaceous to Holocene age throughout the basin (Maher et al.,
1975).

3.1.1 Surface Soils

Surface soils for the Study Area are described in soil surveys (USDA, 1986 and 1988).

For northwestern Kern County (BWSD, BMWD, and LHWD), soils transition from well-drained
alluvial fans and plains on the east to somewhat poorly drained basin clays and silt loams on
the west. For the western Kings County (DRWD), soils transition from well drained alluvial
fans on the west to saline-alkaline basin loams or clay loams on the east.

The Study Area is covered by the Soil Survey of Kern County Northwestern Part (NRCS,
1988) and the Soil Survey of Kings County (NRCS, 1986). Near-surface soils within the Kern
County part of the Study Area include the following soil series:

pH Salinity
Series (s.u.) (mmhos/cm) Limitations
Buttonwillow 7.9-8.4 <4 Drainage, Salinity
Kimberlina 6.6-8.4 <2-8 Fertility, Alkalinity
Lethent >7.8-9.0 4-16 Saline-Alkali
Lokern 6.6-9.0 <2-16 Saline-Alkali, Drainage
Milham 7.4-8.4 <2-<8 Fertility
Nahrub >7.4->7.8 4-16 Saline-Alkali, Drainage
Panoche 7.4-8.4 <2-16 Saline-Alkali, Drainage
Twisselman 7.9-9.0 <2->16 Saline-Alkali, Drainage
Yribarren 7.9-8.4 <2-<8 Saline-Alkali

Near-surface soils within the Kings County part of the Study Area (DRWD) include the
following soil series:

pH Salinity
Series (s.u.) (mmhos/cm) Limitations
Garces 6.6-9.0 2-8 Saline-Alkali
Lethent <7.8-9.0 4-16 Saline-Alkali
Panoche 7.4-8.4 <2-16 Saline-Alkali, Drainage
Wasco 6.1-8.4 <2 None
Westhaven 7.4-9.0 <2-8 Saline-Alkali
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These data show that most of soil series within the Study Area are naturally saline-alkaline
and those conditions limit the range of crops that can be grown productivity.

Near-surface soils within the Kings County part of the Study Area (DRWD) include the
following soil series:

pH Salinity
Series (s.u.) (mmhos/cm) Limitations
Amramburu 6.6-8.4 0-2 Slope-Erosion
Balcom 7.9-84 0-2 Slope-Erosion
Naciemento 7.9-8.4 0-2 Slope-Erosion
Reward 7.9-8.4 0-2 Slope-Erosion
Temblor 7.9-8.4 0-2 Slope-Erosion

These soils are typically shallow and steep and contain rock fragments that limit their utility for
irrigated agriculture. The distribution of these primary soil series are shown on Figure 2.

3.1.2 Regional Stratigraphy

The stratigraphy of the southwestern San Joaquin Valley comprises marine sedimentary
rocks from the Jurassic/Cretaceous through Tertiary Periods and unconsolidated non-marine
sediments from Late Tertiary and Quaternary Periods (Figure 3).

The oldest marine sediments are exposed in the Temblor Range from north of Highway 41
south to Highway 58. Younger marine formations are exposed to the east, approaching the
valley floor. The stratigraphic relationships of these formations are complex, owing to the
significant structural deformation present on the west side of the valley.

The continental Tulare Formation overlies various marine formations along the west side of
the valley. In many areas, the Tulare Formation is overlain by younger alluvium. In areas
where the Tulare Formation is absent, the younger alluvium directly overlies older marine
sediments.

The Tulare Formation and overlying alluvium consist of coarse-grained facies east of the
Temblor Range associated with alluvial fan deposition from the upland of the Temblor Range.
West of the Kettleman and Lost Hills areas, these coarse-grained alluvial facies become
interbedded with fine-grained facies associated with lacustrian, fluvial, deltaic, and marshland
deposits from the pre-historic and historic Tulare Lake and Goose Lake, as well as the Kern
River flood plain situated between them (Croft, 1972; Page, 1983). The Tulare Formation and
overlying alluvial sediments comprise the major aquifers beneath the San Joaquin Valley.
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3.1.3 Regional Structural Geology

The topography and geology of the southwestern San Joaquin Valley has been shaped by the
regional tectonic environment and subsequent erosion. The dominant structure in the region
is the San Andreas Fault. The regional stress field developed by slip along the irregular fault
trace of the San Andreas has resulted in ancillary faulting within the Temblor Range
paralleling the San Andreas. Furthermore, regional compressional forces along this margin
have resulted in the uplift and formation of highly folded and faulted marine sediments in the
Temblor Range and the development of a series of en-echelon anticlines and synclines east
of the Temblor Range that either plunge to the southeast or are doubly-plunging toward the
northwest and southeast (Figure 3).

Several anticlines and synclines that have been exposed in the vicinity of the Districts include:

1. the Kettleman Hills anticline west of DRWD, northwest of LHWD, and northeast of
BMWD;

2. the Pyramid Hills anticline and syncline north of BMWD;

3. the Lost Hills anticline bisects portions of the southeastern portion of the LHWD
and is east of BMWD and north of BWSD;

4. highly folded Monterey Shale of the Shale Hills lies adjacent to the western
boundary of BMWD;

5. the North Antelope Hills anticline is situated west of the BWSD;
6. the North Belridge anticline is located within the BWSD;
7. the McDonald anticline is situated west of the BWSD; and

8. the northern extension of the Elk Hills anticline lies west of the southwestern portion
of the BWSD (Dibblee, 1973; Graham et al., 1999).

Post-Pliocene deposition of marine and terrestrial sediments occurred under the active
tectonic environment of the San Andreas Fault and associated developing anticline and
synclines in the region. Deposition and erosion associated with an active tectonic
environment over time results in the incremental deformation of these sediments as the
duration and magnitude of deformations progresses over time. This has implications on the
occurrence and flow of groundwater in aquifers that have developed in the Tulare Formation,
older alluvium, and alluvial sediments adjacent to the Temblor Range. Anticline, syncline, and
fault structures have also contributed to the localization of oil and gas resources in the region.
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3.2 CLIMATE

Climate in the Study Area is characterized as an inland Mediterranean climate with hot and dry
summers and cool winters. The average annual precipitation at Blackwells Corner is

4.5 inches (WCRC, 2013) and the average annual reference evapotranspiration for western
Kern County is 58 inches (CIMIS, 2009). The following chart is a comparison of the average
monthly precipitation/evapotranspiration for the western Kern County area:

Average Monthly Precipitation and Evapotranspiration
Western Kern County

10
= Precipitation
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5 —
Evaportranspiration
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Western Kings County climate is similarly dry; the average annual precipitation at Kettleman
City station is 6.6 inches (WCRC, 2013) and the average annual reference evapotranspiration
for Kings County is 62 inches (CIMIS, 2009). The following chart is a comparison of the
average monthly precipitation/evapotranspiration for the Kings County area:

Average Monthly Precipitation and Evapotranspiration
Kings County
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These dry climatic conditions have resulted in desiccation of soils before irrigation
development occurred within the Study Area; these soil characteristics restrict deep
percolation of irrigation water.

3.3 SURFACE WATER

The Study Area is within the South Valley Floor Hydrologic Unit (specifically HA 558.60 and
HA 557.30) (RWQCB, 2005). Ephemeral stream beds occur in the upper reaches of the
hydrologic areas (WSA) and drain to the east into the Districts. Runoff in these streams is not
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controlled and typically percolates prior to reaching the valley floor. The 100-year, 24-hour
storm event for this area ranges from 3 to 3.5 inches (NOAA, 2013).

Irrigation canals and drainage facilities are the main surface water features within the Study
Area. Besides these features, the dominant surface water features in the area of BWSD,
BMWD, DRWD, and LHWD are the California Aqueduct, its Coastal Aqueduct intertie, and the
Refuge. Other surface water features in the area include the Tulare Lake Bed, Goose Lake,
and Kern/Buena Vista Lake.

The designated beneficial uses of surface water in South Valley Floor Hydrologic Unit are
agriculture (AGR); industrial (IND); process water supply (PRO); non-contact water recreation
(REC-2); warm freshwater habitat (WARM); wildlife habitat (WILD); rare, threatened, or
endangered species (RARE); and groundwater recharge (GWR) (RWQCB, 2005). The
uplands (above the Districts) consist of 11 relatively small watersheds of 9 to 104 square miles
that produce little runoff ranging from 100 to 2,700 acre-feet per year (USGS, 1983). For
example, U.S. Geological Survey (USGS) maintained a stream flow gage in Bitterwater Creek,
upstream of Lost Hills (USGS Station 11197370) for 17 years (1962 through 1978). The
maximum annual flow in Bitterwater Creek was reported at 0 cubic feet per second for 7 of
those 17 years.

The quality of water in upland streams and springs was characterized (USGS, 1959) as
follows:

EC TDS Boron
Surface Waters (umhos/cm) (mg/L) (mg/L)
USGS - Streams’ 590-3,100 540-3,200 0.4-0.9
USGS - Springs® 542-16,100 362-10,900 0.0-14
MUN 1,600 1,000 5
AGR-Irrigation 3,000 2,000 15
AGR-Livestock 8,000 5,000 5
AGR-Poultry 5,000 na’ 5

1. Polonio, Bitterwater, Media Agua, and Carneros Creeks.
2. Mize and Carneros Springs and Unnamed Springs.
3. na=not available.

Surface waters in the Study Area do not support MUN or AGR beneficial uses based on
limited and unreliable flow, as well as fair-to-poor mineral quality water.

The quality of imported surface water from the SWP is summarized from the California

Department of Water Resources’ (DWR) database (DWR, 2013b). The following data are the
average concentration of water from Kettleman Check 21 between 2008 and April 2013:
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EC TDS Chloride Boron

State Water Project (umhos/cm) (mg/L) (mg/L) (mg/L)

DWR - Check 21 449 252 71 0.17

MUN 1,600 1,000 500 5

AGR-Irrigation 3,000 2,000 na' 15

AGR-Livestock 8,000 5,000 na 5

AGR-Poultry 5,000 na na 5

1. na=notavailable.

These data show that imported surface water from the SWP is of good mineral quality, suitable
for all forms of AGR supply and potentially suitable for MUN with treatment (filtration and
disinfection) to meet drinking water standards.

The Southern San Joaquin Valley Water Quality Coalition has been monitoring a surface water
station at the Main Drain Canal at Highway 46 (558MDCH46) since 2004 (SWRCB, 2013).
Salt concentrations in water samples from the Main Drain Canal have ranged as follows:

EC TDS Arsenic Chloride Boron
Main Drain Canal  (umhos/cm) (mg/L) (ug/L) (mg/L) (mg/L)
DWR - Check 21 259-3,960 140-2,410 2-30 40.9 0.12-2.58
MUN 1,600 1,000 10 500 5
AGR-Irrigation 3,000 2,000 100 na' 15
AGR-Livestock 8,000 5,000 200 na 5
AGR-Poultry 5,000 na 200 na 5

1. na=notavailable.

These data show that water in the Main Drain Canal is of fair-to-poor mineral quality. This
variability in water quality renders that water unsuitable for MUN and unusable for AGR-
Irrigation unless blended with high quality irrigation water, although it may be suitable for AGR-
Livestock or AGR-Poultry.

34 HYDROGEOLOGY

Groundwater beneath the Study Area occurs under perched, unconfined, and confined
conditions (Figure 4). Areas of shallow perched groundwater appear to correspond to the
presence of a shallow clay layer (designated the A-clay) beneath the BWSD, DRWD and
LHWD. The perched aquifer consists of Pleistocene-Holocene fluvial and flood basin
sediments comprised predominately of silts and clay interbedded with sand layers (Hilton et
al., 1963; Croft, 1972). These sediments overlie the A-clay and grade laterally into younger
alluvium to the west. The areal extent of perched aquifers appears centered on an axis along
the Kern River Flood Channel between Goose Lake and Tulare Lake beds and lie east of the
California Agueduct (DWR, 2008). The lateral extents of the A-clay are poorly constrained.
The A-clay reportedly has been encountered under LHWD at depths of 30 to 60 feet (P&P,
2007).
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Unconfined aquifers exist in alluvial sediments of Antelope Valley east of the Lost Hills
Anticline and below the perched groundwater in the upper Tulare Formation. The unconfined
aquifer consists predominately of coarser alluvial sediments flanking the Temblor Range that
grade laterally eastward into finer grained fluvial, marsh, deltaic, and lucustrian deposits
between Goose Lake and Tulare Lake. In areas where fluvial deposits become highly
interbedded and bifurcated, semi-confined groundwater conditions may be encountered in the
upper Tulare Formation. The base of the unconfined aquifer is defined by the presence of the
Corcoran Clay (E-clay), where it is present. In areas where the E-clay is absent, the
unconfined aquifer extends to the top of the marine formations.

The modified E-clay described in Page (1986) forms the major regional aquitard that separates
the upper unconfined aquifer from the lower confined aquifer in the southwestern San Joaquin
Valley. Within BWSD and LHWD, it has been encountered in wells east of the California
Aqueduct (Page, 1986). The E-clay is also known to underlie DRWD and portions of LHWD
east of the Lost Hills Anticline, but appears absent west of this structure beneath the Antelope
Plain (P&P, 2007) and BMWD. The presence of the E-clay beneath BWSD west of the
California Aqueduct is poorly constrained. The depth at which the E-clay is encountered
varies due to structural deformation associated with the presence of anticline and syncline
structures along the west side of the valley. It is encountered as shallow as 100 feet along the
east limb of Lost Hills (P&P, 2007) to as deep as 900 feet near the southwest edge of Tulare
Lake bed (Page, 1986). The thickness of the E-clay ranges from 8 feet south of Lost Hills to
205 feet near the southwest edge of the Tulare Lake bed (Page, 1986).

Groundwater below the E-clay is encountered in confined conditions. The Tulare Formation
below the E-clay consists of unconsolidated interbedded sand, silt, and clay. The nature of
these sediments ranges from coarser alluvial fan deposits near the Temblor Range to fine
grained lucustrian, fluvial, and marsh deposits eastward toward the axis of the valley trough
(Croft, 1972).

3.4.1 Groundwater Occurrence

The DWR indicates that perched groundwater occurs below the eastern Districts (DWR,
2008). Perched water in portions of the BWSD, DRWD, and LHWD ranges in depth from 5 to
20 feet (Appendix C). DWR does not identify perched groundwater in the BMWD, although it
may be present in some areas.

The DWR does not characterize the occurrence of semi-confined or confined groundwater
within the Study Area due to lack of current data. However, the Kern County Water Agency
(KCWA) indicates the depth to groundwater in the Districts (except BMWD and DRWD) in
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2001 was between 50 and 100 feet with a general gradient to the east. KCWA performed a
groundwater study between 1970 and 1974 (KCWA, 1974) within the Districts; at that time,
groundwater gradients in the unconfined aquifer showed an east-northeast trend, except
around the Lost Hills anticline, which appeared to act as a hydraulic barrier. In the immediate
vicinity of the anticline, groundwater level data indicate that groundwater flows radially away
from the axis of the anticline (Appendix C).

3.4.2 Tulare Lake Basin Plan Designation

The Study Area is within Detailed Analysis Units (DAUs) designed by the Water Quality
Control Plan for the Tulare Lake Basin (Tulare Lake Basin Plan; RWQCB, 2005):

BWSD, BMWD, LHWD and WSA in DAU 259
DRWD in DAU 246

The designated beneficial uses of groundwater in DAU 259 and DAU 246 are MUN, AGR, and
IND (RWQCB, 2005). Groundwater in the Study Area occurs as perched (unconfined), semi-
confined, and confined groundwater.

Amec Foster Wheeler has evaluated water quality criteria that would be applicable for MUN,
AGR, and IND. That summary is provided in Appendix B, and the water quality criteria
summarized in Table 1 are used to evaluate groundwater usability in the remainder of this
report.

3.5 BlOLOGY

Kern County Planning Department is in the process of developing a conservation management
plan for the valley floor to the western edge of Kern County. The draft Kern County Valley
Floor Habitat Conservation Plan (VFHCP; Garcia and Associates, 2006) includes the areas of
BWSD, BMWD, and LHWD. The draft VFHCP describes the area as follows:

“The San Joaquin Valley included a variety of ecological communities, including
woodlands, freshwater marshes and grasslands prior to the establishment of the
present land use patterns. In upland areas, several distinct dryland communities of
grasses and shrubs developed along rainfall and edaphic gradients, forming a mosaic
of vegetation types. Today, agricultural development dominates the flat lands in the
center of the valley. Undisturbed open space is largely restricted to the sloping
margins of the valley, including many areas, where oil development also occurs.

“The extent of wetlands in the San Joaquin Valley has decreased since the 1800s. For
example, lakes and wetlands in the Kern River delta area have been converted to other
uses since the 1880s when the human population began to increase (Cole 1945).
Today there is little standing water on the valley floor and most lands are committed to
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agriculture. The Kern River channel, flowing west of Bakersfield toward Interstate
Highway 5, is undeveloped and dry for most of the year.

“Loss of native plant and animal species accompanied habitat conversion. The Tulare
subbasin, along with the Carrizo Plain, Cuyama Valley and the surrounding foothills,
once contained over six million acres of native grasslands, shrublands, woodlands and
riparian habitat. Today, more than 90 percent of the native habitats of the valley floor
have been converted to human uses. More importantly, many of the remaining
undeveloped parcels are scattered and largely isolated throughout the region.”

In the VFHCP, the environment of the Study Area is described as Valley Saltbrush Scrub:

“This vegetation type is also dominated by chenopod shrubs, but it differs from valley
sink scrub in that the shrubs are typically less alkali-tolerant and support an
herbaceous annual understory, typically dominated by non-native annual grasses
which greatly increase susceptibility of this vegetation type to fire. Saltbush scrub
formerly covered extensive areas of the San Joaquin Valley, especially around the
Kern River delta and lower foothills surrounding the Tulare subbasin, however this
vegetation type has been reduced by agricultural production, and other human-caused
disturbances.”

Wetlands occur within the Refuge and the Goose Lake wetlands. The 11,249-acre-Refuge is
located just west of the LHWD and includes approximately 5,000 to 6,500 acres of seasonal
wetlands, irrigated moist soil units, and riparian habitat. Upland areas of the Refuge total
about 3,600 acres of grassland, alkali playa, and valley sink scrub habitats. Water supply for
the Refuge is provided by the SWP. The Water Management Plan for the Refuge (USBR,
2011) indicates:

“Groundwater has elevated levels of boron, arsenic and sodium. The depth to ground
water makes the pumping very expensive. All wells are inactive with deteriorated
casings and only four of the wells have pumps. These wells would only be used in a
short-term emergency and only if money were available to pay the pumping costs.”

Goose Lake is a privately held, ephemeral wetland that is habitat for threatened or
endangered species. Goose Lake is located between Wasco and Lost Hills in western Kern
County, but not within any of the Study Area. The United States Bureau of Reclamation
(USBR) is attempting to organize a management plan at Goose Lake for species protection.
The USBR indicates that the wetland contains native alkali grassland and native alkali scrub
habitat. Goose Lake is reportedly maintained by surface waters from a variety of sources
(USBR, 2012).
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Two ecological preserves have been established in the vicinity of the Study Area: the Lokern
Preserve and the Semitropic Ridge Ecological preserve. Both preserves are managed by the
Center of Natural Lands Management (CNLM).

Just south of the BWSD, the Lokern Preserve has been established by industry-government
partnership. The preserve is 3,900 scattered acres consisting of native habitat for
threatened/endangered species including the Kern mallow, San Joaquin kit fox, giant
kangaroo rat, San Joaquin antelope squirrel, and blunt-nosed leopard lizard. Much of the
preserve is comprised of valley saltbush scrub. In areas of heavy clay soils east of the
California Aqueduct, saltbush scrub grades into valley sink scrub and lodine bush. Since most
of these species are desert-adapted, the CNLM emphasizes maintenance of relatively sparse
herbaceous cover (CNLM, 2013).

Just west of LHWD and south of the Refuge, the Semitropic Ridge Ecological Preserve is
3,700 scattered acres that were established as a wildflower preserve and habitat for
threatened/endangered species, including the San Joaquin kit fox, blunt-nosed leopard lizard,
Tipton kangaroo rat, and San Joaquin antelope squirrel. The major vegetative associations at
this preserve include valley saltbush scrub and valley sink scrub. As with the Lokern
Preserve, most of these species are desert-adapted, and special emphasis is placed on
maintaining a relatively sparse herbaceous cover (CNLM, 2013).

In addition, the Chico Martinez ACEC has been established to include the southern edge of
the WSA. The Chico Martinez ACEC is 7,217 acres of private and federal land, identified
principally for its important cultural, paleontological, and geological resources, in addition to
habitat for special status animal and plant species. The lower slopes and less rugged terrain
of the area provides habitat for the federally endangered blunt nosed-leopard lizard and San
Joaquin kit fox and the state-listed San Joaquin antelope squirrel (USBLM, 2014).

3.6 EcoNomMIC GEOLOGY

Within the Tulare Lake Basin, mineral resources are mined to produce aggregates, precious
metals, petroleum, and natural gas. Within LHWD, H.M. Holloway, Inc., operated an open-pit
gypsum mine located on Holloway Road. For this report, we focus on production of oil and
gas within the Study Area.

Oil and gas recovery operations occur immediately adjacent to each of the Districts or
historically within portions of the Study Area. Designated oil fields include North Antelope
Hills, Antelope Hills, McDonald Anticline, Carneros Creek, Chico Martinez, Cymric, Monument
Junction, North Belridge, and South Belridge Oil Fields east the BWSD; Deer Nose, Welcome
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Valley, Shale Point Gas, and Blackwells Corner Qil Fields adjacent BMWD; Lost Hills Oil Field
between BMWD and LHWD and within portions of BWSD and LHWD; and Kettleman Middle
Dome west of DRWD. Oil field operations extract various grades of petroleum, natural gas,
and associated produced water (brine). The brine is currently re-injected into oil producing
zones for use in water- or steam-flood enhanced petroleum recovery operations or into
designated exempt aquifers for disposal, in accordance with regulations of the California
Division of Oil, Gas, and Geothermal Resources (CDOGGR). Previous oil field operations
included evaporation/percolation ponds for disposal of brine and surface discharge into
drainage channels.

Formations that produce oil and gas generally do not produce usable groundwater as a
drinking water source because of dissolved petroleum and salts in the water. For example,
the reported total dissolved solids (TDS) in brine produced in the North Belridge Oil Field
ranges from 21,400 to 42,000 milligrams per liter (mg/L). Current production zones range from
1,000 to more than 15,000 feet in depth. However, some of the early oil and gas production
was much shallower; the average depth of production from the shallow Tulare Formation wells
in Lost Hills Oil Field and South Belridge Oil Field were 200 and 400 feet in depth, respectively
(CDOGGR, 1998). Brine water quality in the Tulare Formation is reported as:

TDS
Tulare Formation Water (mg/L)
Belridge North Oil Field 21,400
Belridge South Oil Field 13,900
Cymric Oil Field 4,844 — 17,000
Dudley Ridge Gas Field (Abandoned) 6,412
Lost Hills Oil Field 15,500
MUN 1,000
AGR-Irrigation 2,000
AGR-Livestock 5,000
AGR-Poultry na’

1. na=not available, milligrams per liter (mg/L).

The last producing gas well in Dudley Ridge Gas Field was abandoned in 1965. The
California State Water Resources Control Board (SWRCB) authorized exempted aquifers for
reinjection of brine water back into the oil producing zones (CDOGGR, 1981). Until recently,
the RWQCB regulated percolation pond discharges of produced brine water in westside oil
fields; these produced water ponds have been closed. These discharges have reportedly
affected the mineral quality of shallow groundwater below and downgradient within the Study
Area (RWQCB, 2005 and 2006).
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4.0 LAND USE

The United States Department of Agriculture (USDA) annually publishes a geomap of land
uses within the United States (USDA, 2015) interpreted from satellite photography and
geospatial interpretation. For the Study Area, the most recently published map for land uses
in 2013. The USDA map for the Study Area indicates the following approximate acreages:

Acreage
Category Descriptions Percentage
Grazing Pasture/Grassland 46.1%
Open Space Barren/Shrub land/Fallow/Developed Open Space 31.2%
Agriculture Orchards/Vineyards/Row and Field Crops 18.0%
Urban Low/Med/High Density Development 4.7%

Based on the above estimates, less than 20% of the acreage is in agricultural production.
Based on the above, we have summarized agricultural, petroleum, mining, municipal, and
open space land uses for the Study Area.

4.1 AGRICULTURE

Agricultural operations within the Study Area include irrigated agriculture, dry farmed
agriculture, and pasture and grazing land. In 2013, about 46% of the acreage was used for
grazing and about 15% of the acreage was fallow. Irrigated agriculture estimated at about
17%, or about 52,000 acres, and dry farmed was about 1%, or about 3,000 acres. The USDA
database does not indicate which agricultural uses include irrigation. For purposes of this
summary, we assumed that crops of winter wheat and barley are dry farmed. The distribution
of agricultural land use by crop type is shown on Figure 5.

4.2 PETROLEUM

Petroleum production (oil and gas) would be identified by USGS as developed open space,
barren, or shrubland and occupied about 20% of the acreage in the Study Area in 2013.
Those oil fields include:

Antelope Hills Qil Field Chico Martinez Oil Field
Antelope Hills, North, Oil Field Cymric Oil Field

Antelope Plains Gas Field Lost Hills Oil Field
Blackwells Corner Oil Field Lost Hills, North, Oil Field
Belridge North, Oil Field McDonald Anticline Oil Field
Belridge South Oil Field Monument Valley Oil Field
Beer Nose Oil Field Shale Flats Gas Field

Cal Canal Oil Field Shale Point Gas Field
Carneros Creek Qil Field Welcome Valley Oil Field
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According to CDOGGR (1998), the gas fields have been abandoned and the oil fields continue
production of oil and gas. Oil field administrative boundaries within the Study Area are shown
on Figure 6.

4.3 MINING

The USGS maintains a database of Mineral Resources On-Line Spatial Data (USGS, 2015)
that includes information on current and previous mining activities in the United States. Within
the Study Area for this report, the database identifies borrow pits, sand and gravel quarries,
and gypsum mines. The database identifies one former borrow pit in the vicinity of Lost Hills
and one former sand and gravel quarry in the vicinity of Blackwells Corner that provided
construction materials. The database identifies more than ten former gypsum mines scattered
within the Study Area, including six along the western flank of the Lost Hills anticline.

In addition, the database lists other former mining operations without identification of the
commodity.

4.4 MUNICIPALITIES

The only communities within the Study Area are Lost Hills and Blackwells Corner (Figure 7).
These two communities are provided municipal water supply by the Lost Hills Utility District
(LHUD) that imports groundwater from outside the Study Area, about 10 miles east of City of
Lost Hills. Lost Hills is identified as a Disadvantaged Community (PolicyLink, 2013). LHUD
water demand was reportedly 423 acre-feet in 2005 and was projected to grow to 661 acre-
feet in 2030 (Kennedy/Jenks, 2011).

BMWD includes the small community of Blackwells Corner at the intersection of Highway 46
and Highway 33. Groundwater is imported by the LHUD for potable supply in Blackwells
Corner; LHUD imports water from 13 miles further east and beyond the borders of any of the
Districts.

The Kettleman City Community Services District (KCCSD) is located north of DRWD and
outside of the Study Area. KCCSD currently supplies 315 acre-feet per year of municipal
water to the community through two active wells located north of DRWD. For planned
development, KCCSD is anticipated to need up to 2,116 acre-feet per year (KCPD, 2009).
The groundwater supplies exceeded the drinking water standard for arsenic (CDPH, 2012).
Kettleman City has recently acquired funds for a water treatment facility and has assigned
water credits of up to 900 acre-feet per year from the SWP (KCPD, 2009).

For the community of Lost Hills, LHUD imports groundwater from 10 miles east of LHWD for
potable water supply. Prior to distribution, the imported water is treated for arsenic removal.
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LHUD provides water to commercial facilities at the intersection of Highway 46 and Interstate
Highway 5, to the community of Lost Hills and to the community of Blackwells Corner.
Municipal water demand by LHUD was projected to increase from 462 acre-feet per year in
2010 to 661 acre-feet per year in 2030 (Kennedy/Jenks, 2011).

The GeoTracker GAMA database identifies two public water systems within BWSD: Aera
Energy LLC (Aera) and Clean Harbors Buttonwillow LLC (Clean Harbors) west of
Buttonwillow. The Aera system consists of two wells located along Lerdo Highway about

1Y% miles east of the eastern edge of BWSD that supplies water for industrial and domestic
use. Clean Harbors system consists of two wells that are currently listed in the “DRINC”
database (CDPH, 2015) as “inactive.” The GeoTracker GAMA database also identifies one
public water system in LHWD: La Cuesta Verde Ranches is listed in the DRINC database as
“NP” or a “non-piped source of water...transported to a facility via a sanitary tanker.”

4.5 OPEN SPACE

Based on the USDA database, approximately 31% of the Study Area was open space in 2013.
As described by USDA, open space can include barren land, shrub land, fallow crop land,
forests, and wetlands. An additional 46% of the Study Area was identified as pasture or
grassland, which would be suitable for livestock grazing. If grazing is included as part of open
space, about 77% of the Study Area would be open space. One area of these open spaces
has been designated an Area of Critical Environmental Concern (ACEC) (USBR, 2015):

Chico Martinez ACEC (7,217 acres) in southern WSA: USBR intends to “Manage the
Chico Martinez ACEC to protect significant exposures of important paleontologic
resources, geologic rock type formations, and endangered species.”

5.0 PREVIOUS GROUNDWATER STUDIES

Groundwater studies within the Study Area have been conducted and published occasionally
for more than 100 years. Groundwater below the Study Area was originally described by
Mendenhal in 1908 (USGS, 1908):

“...there can be no doubt that beneath the broad, steeply sloping westside plains of
Kern County, the water is too poor in quality to be usable, except possibly for stock...”

Amec Foster Wheeler has reviewed available reports and has developed a database of
groundwater data based on published reports and governmental databases. Groundwater
data from each of the following references were incorporated into a project database. For this
report, we included published data within 5 miles of the perimeter of each of the Districts and
up to the crest of the watershed divide bordering the west side of the WSA, the Study Area is
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shown on Figure 1. The following subsection summarizes the sources of those data and
evaluates groundwater quality data within the Study Area. The data sources share some
overlapping information and obviously duplicated data were identified to the extent feasible.

51 U.S. GEOLOGICAL SURVEY

In 1959, Wood and Davis reported on 1930 through 1955 water sample analytical data from
45 water supply wells within the Study Area (USGS, 1959). Water uses of the 45 wells were
described as follows: 2 were listed as industrial, 3 were listed as domestic, 6 were listed as
unused, 13 were listed as stock, and 21 were listed as irrigation. Groundwater samples were
analyzed for salts and provided the following results:

EC TDS Boron Sulfate
Wells (umhos/cm) (mg/L) (mg/L) (mg/L)
USGS 1930-1955 890-8,370 537-7,040 0.4-18 48-3,930
MUN 1,600 1,000 5 500
AGR-Irrigation 3,000 2,000 15 na
AGR-Livestock 8,000 5,000 5 3,000
AGR-Poultry 5,000 na 5 na

na = not available.

Between 1930 and 1955, groundwater below most of the Study Area exceeded the current
water quality criteria for MUN, AGR-Irrigation, AGR-Livestock, and AGR-Poultry. Based on
USGS listings of water use, the poor mineral quality of water marginally supported these uses
until better-quality imported water became available from the SWP.

In 1963, Beard, et al., reported on the vertical characterization of groundwater quality for well
clusters in perched groundwater areas (Beard, 1963). One of the well clusters was located
near the Refuge (25S/21E-01N). The cluster consisted of four wells constructed with
screened intervals between 10 to 20 feet below ground surface (bgs) (designated 1N15), 56 to
62 feet bgs (designated 1N57), 90 to 100 feet bgs (designated 1N95), and 189 to 199 feet bgs
(designated 1N194). Each well was sampled in August 1990 for salinity and metals analyses.
The data are summarized as follows:

EC TDS Boron Sulfate Arsenic
Wells (umhos/cm)  (mg/L) (mg/L) (mg/L) (ug/L)
USGS-1N15 1,750 1,270 0.87 220 6
USGS-1N57 12,000 9,280 9.4 4,600 16
USGS-1N95 6,250 4,260 2.1 1,500 10
USGS-1N194 4,540 2.620 1.3 420 8
MUN 1,600 1,000 5 500 10
AGR-Irrigation 3,000 2,000 15 na 100
AGR-Livestock 8,000 5,000 5 3,000 200
AGR-Poultry 5,000 na 5 na 200

na = not available.
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These data show that shallow groundwater (10 to 20 feet bgs) in the immediate vicinity of the
Refuge exceeds the current water quality criteria for MUN. Deeper groundwater (56 to

199 feet bgs) exceeds the current water quality criteria for MUN and AGR-Irrigation. Shallow
groundwater in the immediate area of the Refuge was of better mineral quality than deeper
groundwater, possibly due to recharge of shallow groundwater with fresh water imported for
the Refuge operations.

In 1995, Swain et al. (USGS, 1995), reported on the sampling and analysis of water from
shallow wells around the Tulare Lake bed, including 15 perched water wells in eastern BWSD
and LHWD:

EC TDS Boron Sulfate Arsenic
Wells (umhos/cm) (mg/L) (mg/L) (mg/L) (ug/L)
USGS Shallow 1,840-102,0001,130-37,300 0.8-70 160-34,000 1-20
MUN 1,600 1,000 5 500 10
AGR-Irrigation 3,000 2,000 15 na 100
AGR-Livestock 8,000 5,000 5 3,000 200
AGR-Poultry 5,000 na 5 na 200

na = not available.

Based on these data, perched groundwater below eastern BWSD and LHWD exceeded the
current water quality criteria for MUN, AGR-Irrigation, AGR-Livestock, and AGR-Poultry in
isolated areas, except that it may be of marginal quality for AGR-Livestock and AGR-Poultry in
isolated areas.

Groundwater data were obtained from the National Water Information System (NWIS; USGS,
2013) for hydrographic unit 18030012. NWIS well information included well location, total
depth, and analytical data for select constituents. For this data set, 59 wells were listed within
the Study Area that contained some general mineral data between 1930 and 1992. The
samples had been analyzed for salts and other inorganics; the ranges of salt concentrations
for groundwater in areas below the Study Area were:

EC TDS Boron Sulfate Chloride
Wells (umhos/cm) (mg/L) (mg/L) (mg/L) (mg/L)
USGS - NWIS 1,080-102,000 544-91,900 0.58-70 100-27,000 59 -44,000
MUN 1,600 1,000 5 500 500
AGR-Irrigation 3,000 2,000 15 na na
AGR-Livestock 8,000 5,000 5 3,000 na
AGR-Poultry 5,000 na 5 na na

na = not available.

The NWIS data show a wide range in salt concentrations in groundwater. The data indicate
that groundwater below the Study Area exceeds the current water quality criteria for MUN,
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AGR-Irrigation, AGR-Livestock, and AGR-Poultry in most parts of the Study Area. The data
also indicate that there are isolated areas of groundwater within the Study Area that may be
marginal quality for MUN, AGR-Livestock, and AGR-Poultry.

5.2 CALIFORNIA DEPARTMENT OF WATER RESOURCES

Prior to adoption of waste discharge requirements (WDRs) for oil field operations, the RWQCB
contracted for a hydrogeologic assessment for selected oil fields in the Study Area.
The following subsections summarize that information for facilities within the Study Area.

5.2.1 Vicinity of Belridge Water Storage District

In the Geologic and Waste Disposal Investigation, North and South Belridge Oil Fields (DWR,
1957a), the DWR found two water supply wells in the general vicinity of these oil fields: an
industrial supply well in the oil field and a livestock watering well. The range of salts
concentrations for these wells and an associated DWR comment were reported as follows:

EC TDS Boron Chloride Sulfate
N&S Belridge Wells (umhos/cm) (mg/L) (mg/L) (mg/L) (mg/L)
Stock Water Well 5,450 3,863 3.3 766 1,775
Industrial Well 4,730 2,848-2,950 0.4-7.6 830-870 462-464
MUN 1,600 1,000 5 500 500
AGR-Irrigation 3,000 2,000 15 na na
AGR-Livestock 8,000 5,000 5 na 3,000
AGR-Poultry 5,000 na 5 na na

na = not available.

“Although groundwater from these two wells is suitable for limited industrial uses or
livestock watering, its use for irrigation or domestic purposes would be undesirable.”

These data indicate that groundwater in the vicinity of North and South Belridge Oil Field and
BWSD did not meet the water quality criteria for MUN and AGR-Irrigation. The data also show
that groundwater provided by the stock watering wells was suitable for AGR-Livestock, but
was of marginal quality for AGR-Poultry.

Buena Vista Water Storage District (BVWSD) is an irrigation water purveyor located just east
and downgradient of BWSD. In a recent report for BVWSD, GEI Consultants, Inc. (GEI, 2014)
reported on groundwater conditions. Shallowest groundwater occurs under a perched
condition from the surface to about 30 feet in depth. The perched groundwater water is almost
continuous across the area of BVWSD and extends west below BWSD. The depth to perched
groundwater varied in 2013 from 4.2 to 15 feet and flow direction varied in 2008 from north to
southeast.
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The unconfined (designated “shallow”) aquifer occurs below the perched zone to a depth of
about 200 feet bgs where the C-clay is encountered. The deep aquifer occurs between 200
and 400 feet bgs where the E-clay is encountered. The deep aquifer is used within some
areas of BVWSD for irrigation water supply. GEI Consultants, Inc., reports that water level
data “show about a 15 to 20 foot difference in elevation between the perched and deep
aquifers, which suggests the A-clay maybe an effective barrier to vertical flow in the northern
portions” but in the southern portions “groundwater levels in the deep aquifer are close to the
ground surface and have similar levels as the perched aquifer” (GEI, 2014).

Below BVWSD, the salinity of perched and deep groundwater varies, as summarized from
maps of 2012 TDS concentration contours (GEI, 2014), as follows:

TDS
BVWSD Groundwater (mg/L)
Perched Groundwater 1,000 - 10,000
Deep Groundwater 500 - 4,500
MUN 1,000
AGR-Irrigation 2,000
AGR-Livestock 5,000
AGR-Poultry na

na = not available, milligrams per liter (mg/L).

The above data show that perched groundwater downgradient of BWSD is of poor mineral
quality and unsuitable for MUN without expensive desalination treatment. Deep groundwater
is some areas of BVWSD is of marginal quality for MUN, but usable for AGR-Irrigation, AGR-
Livestock and AGR-Poultry.

5.2.2 Vicinity of Berrenda Mesa Water District

In the Geologic and Waste Disposal Investigation, Blackwells Corner Oil Field (DWR, 1957b)
and Geologic and Waste Disposal Investigation, Welcome Valley Oil Field (DWR, 1957c¢), the
DWR found nine irrigation water supply wells and one stock watering well. DWR found no
other water supply wells immediately south or east of the Blackwells Corner Oil Field. For the
wells found, the range of salt concentrations and a DWR comment were reported as follows:

Blackwells/Welcome EC TDS Boron Chloride Sulfate
Valley Wells (umhos/cm) (mg/L) (mg/L) (mgl/L) (mg/L)
Irrigation Wells 2,030-3,450 1,370-2,660 1.0-2.7 166-288  600-1,450
Stock Water Well 8,370-15,700 5,450-10,400 11-18 2,200-4,870 1,180-1,730
MUN 1,600 1,000 5 500 500
AGR-Irrigation 3,000 2,000 15 na na
AGR-Livestock 8,000 5,000 5 na 3,000
AGR-Poultry 5,000 na 5 na na

na = not available.
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DWR found that “These concentrations are considered excessive for drinking water.” These
data show that groundwater in the vicinity of Blackwells Corner Oil Field, Welcome Valley Qil
Field, and BMWD did not meet the water quality criteria for MUN and was of marginal quality
for AGR-Irrigation, AGR-Livestock, and AGR-Poultry.

5.2.3 Vicinity of Dudley Ridge Water District

Prior to importing SWP supplied into DRWD, the DWR conducted a study to evaluate the
Feasibility of Serving the Dudley Ridge Water District from the State Water Project (DWR,
1964). DWR found:

At present the principal water supply for irrigation of land in the District is conveyed
some 40 miles from sources located to the east outside the District. There are some
producing water wells in the extreme northern portion of the District which provide a
small portion of the present water supply. Most wells that have been drilled, however,
have been abandoned due to poor yield and poor quality of ground water.

5.24 Vicinity of Lost Hills Water District

In the Geologic and Waste Disposal Investigation, Lost Hills Oil Field (DWR, 1956), the DWR
found 12 water supply wells in the vicinity of Lost Hills Oil Field: 10 stock watering wells and
2 domestic wells. The ranges of general mineral concentrations for these wells were reported
as follows:

EC TDS Boron Chloride Sulfate
Lost Hills Oil Field (umhos/cm) (mg/L) (mg/L) (mg/L) (mg/L)
Stock Water Wells  2,750-8,410 1,860-6,780 2.9-10 230-1,460 470-3,630
Domestic Wells 3,600-6,100 2,700 5.2 500-542  920-2,700
MUN 1,600 1,000 5 500 500
AGR-Irrigation 3,000 2,000 15 na na
AGR-Livestock 8,000 5,000 5 na 3,000
AGR-Poultry 5,000 na 5 na na

na = not available.

These analyses indicate that groundwater in the vicinity of the Lost Hills Oil Field is of poor
mineral quality. Chloride and boron concentrations in the waters from all but well
No. 26S/21E-12F are high enough to classify them poor-to-injurious for irrigation use.

These data show that groundwater provided by the two domestic wells near Lost Hills Oil Field
and LHWD did not meet the water quality criteria for MUN (for electrical conductivity [EC],
TDS, boron, chloride, and sulfate). The data also show that groundwater provided by the
stock watering wells exceeded the water quality criteria for AGR-Irrigation, AGR-Livestock,
and AGR-Poultry in some of the wells.

Amec Foster Wheeler
I\FR12s\FR1216043A\Archive\FR1216043A-008.docx 26




\/
 /
amec s
foster

wheeler

The Water Data Library maintained by the DWR includes analytical results for surface and
groundwater sources in California. Amec Foster Wheeler reviewed the DWR data and found
no groundwater quality data within the Study Area.

In 1990, the RWQCB published the results of analyses for groundwater entering tile drains in
the Tulare Lake Basin (RWQCB, 1990), including four in the vicinity of the Study Area.
Groundwater samples were collected in 1988 and 1989 and analyzed for TDS and selected
metals. For groundwater samples from the four tile drainage systems in the Study Area, the
RWQCB reported the following concentration ranges:

TDS Boron Arsenic
Drainage System (mg/L) (mg/L) (ug/L)
Westlake Farms 16,000 9 120
Tulare Lake Drainage District  10,000-130,000 7.3-130 100-710
Lost Hills Water District 14,000-29,000 29-63 <5-<10
Carmel Ranch 9,200-13,000 10-19 360-560
Lost Hills Ranch 11,000-14,000 8.8-9 320-560
MUN 1,600 5 10
AGR-Irrigation 2,000 15 100
AGR-Livestock 5,000 5 200
AGR-Poultry na 5 200

na = not available.

These data are compared to water quality objectives for MUN and AGR. The tile drainage
samples did not met the water quality criteria for MUN for TDS and arsenic, with the exception
of arsenic in the LHWD samples that did not contain detectable arsenic. The tile drainage
samples also failed to meet the water quality criteria for AGR.

As part of the Agricultural Drainage Monitoring Program, the DWR has collected water
samples from agricultural drains in the Tulare Lake Basin (DWR, 2013a). In 2012, DWR
analyzed three samples of water from two tile drains in LHWD and reported the following
concentration ranges:

EC TDS Boron Arsenic
Drainage System (umhos/cm) (mg/L) (mg/L) (ug/L)
DWR 5467 and 6467 14,950-28,470 12,520-23,300 26.6-43.5 20-54
MUN 1,600 1,000 5 10
AGR-Irrigation 3,000 2,000 15 100
AGR-Livestock 8,000 5,000 5 200
AGR-Poultry 5,000 na 5 200

na = not available.

These DWR data are presented in this section for comparison with the 1988-1989 data
published by the RWQCB. These 2012 drainage quality data are within the range of the
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detected concentrations for TDS and boron reported in the 1988-1989 samples. As such,
the salinity of tile drainage water below LHWD appears to be consistent over time. The 2013
samples, however, included detected arsenic concentrations greater than the water quality
criteria for MUN. None of the 2013 tile drainage samples met the water quality criteria for
MUN or AGR.

Semitropic Water Storage District (SWSD) is downgradient (east) of LHWD. In its Agricultural
Water Management Plan, SWSD (2013) found:

In general, groundwater in the west has higher TDS content relative to the eastern part
of the District. Groundwater of poor quality, typically a sodium chloride or sodium
chloride-sulfate type with high concentrations of dissolved solids and chlorides, can be
found extensively along the west side of the San Joaquin Valley.

SWSD’s finding indicates that the shallow, poor quality water below the Study Area extends
downgradient (east) into the western parts of SWSD.

5.25 Western Supplemental Area

DWR maintains limited groundwater data for the WSA in their Water Data Library (DWR,
2013b). Historical groundwater depth measurements (1962 through 1976) are maintained for
one well in the central part of the WSA (27S19E28H002M), and groundwater quality data are
maintained for two wells in the central part of the WSA (27S19E28F001M and

27S19E28H002M).

EC Chloride Sulfate
Wells (umhos/cm) (mg/L) (mg/L)
Central WSA 2,570-8,250 972-1,130 3,025-3,310
MUN 1,600 500 500
AGR-Irrigation 3,000 na na
AGR-Livestock 8,000 na 3,000
AGR-Poultry 5,000 na na

na = not available.

These data indicate that groundwater below the central part of the WSA is not suitable for
MUN without expensive desalination treatment and is not suitable for AGR-Irrigation, AGR-
Livestock, or AGR-Poultry without substantial dilution with imported potable water.

5.3 CALIFORNIA DEPARTMENT OF PUBLIC HEALTH

The Water Quality Analysis Database maintained by the California Department of Public
Health (CDPH) includes analytical results for public drinking water systems in California.
The database does not include location information, except for the mailing address for the
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system operator. Since most of the groundwater information from this database is included in
the SWRCB'’s GeoTracker GAMA database, data were not separately obtained from this
CDPH database.

54 CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

Groundwater data were obtained from two SWRCB's databases: GeoTracker and
GeoTracker GAMA.

The GeoTracker database contains groundwater monitoring data from sites regulated by the
RWQCB and cleanup sites regulated by the RWQCB and local Comprehensive Unified
Program Agencies. GeoTracker well information included well location, well construction, and
select analytical data.

The GeoTracker GAMA database contains groundwater data from a variety of sources,
including the CDPH, California Department of Pesticide Regulation (CDPR), DWR, U.S.
Environmental Protection Agency (EPA), and USGS. GeoTracker GAMA database well
information includes approximate location, well construction, and select analytical data.
The analytical data available included samples that had been analyzed for salts and many
other constituents.

Data obtained from GeoTracker and GeoTracker GAMA were incorporated with data collected
from RWQCSB file review for individual sites so that a complete set of location, well
construction, and analytical data for each site could be compiled.

55 CALIFORNIA DIVISION OF OIL, GAS AND GEOTHERMAL RESOURCES

CDOGGR maintains a database of oil and gas production wells, injection wells, disposal wells,
and plugged wells within each oil field. This database does not currently include groundwater
quality data; CDOGGR data on produced brine quality are summarized in Section 3.6.

5.6 CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD

Amec Foster Wheeler requested access to review RWQCB files for groundwater quality data
associated with WDRs and cleanup projects within the Study Area. Some of these data are
not included in the databases maintained by the SWRCB (GeoTracker and GeoTracker
GAMA). Amec Foster Wheeler reviewed 24 project files and recorded groundwater quality
data from 43 well locations. The groundwater samples were analyzed for constituents of
concern for the individual site and some included analysis for salts. The following subsections
summarize the analytical results of salts and arsenic for selected facilities.
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In the vicinity of the BWSD, the RWQCB regulates Aera’s South Belridge Oil Field Ponds,
Clean Harbors’ disposal facility, ExxonMobil's (Exxon) Hill Lease, and the McKittrick Waste

Treatment Facility (MWTF) operated by Waste Management, Inc. (WMI).

Aera’s former oil field ponds are located in the western part of BWSD along Highway 33. For
shallow groundwater below and downgradient of their South Belridge facilities, Aera reported
the following salt concentrations for May 2012 samples (AMEC, 2012b):

EC
Wells (umhos/cm)
Aera South Belridge  3,000-70,000
MUN 1,600
AGR-Irrigation 3,000
AGR-Livestock 8,000
AGR-Poultry 5,000

na = not available.

TDS
(mg/L)

2,400-45,000

1,000

2,000

5,000
na

Boron
(mgl/L)
2.4-110
5
15
5
5

Sulfate
(mg/L)

520-3,000

500
na
3,000
na

Clean Harbors is a hazardous waste disposal facility located along the southern edge of
BWSD on Highway 58. For groundwater monitoring at the Buttonwillow Waste Facility, Clean
Harbors has groundwater monitoring wells in three zones: upper perched zone (80 to 140 feet
bgs), intermediate perched zone (185 to 201 feet bgs), and lower water table zone (260 to

290 feet bgs). Groundwater monitoring data reported the following salt concentrations for
November 2012 samples (Cameron-Cole, 2013):

TDS
Clean Harbors Wells (mg/L)
Upper Perched 1,390-3,980

Intermediate Perched 2,230-2,670
Lower Water Table 2,100-3,210
MUN 1,000
AGR-Irrigation 2,000
AGR-Livestock 5,000

AGR-Poultry na
na = not available.

Boron
(mg/L)
4.7-11.8
4.8-6.9
6.2-9.4
5
15
5
5

Chloride
(mg/L)
185-2,400
162-555
385-527
500
na
na
na

Sulfate
(mg/L)
559-2,110
980-1,560
806-1,280
500
na
3,000
na

Exxon’s Hill Lease is also located in western BWSD along Highway 33. For shallow
groundwater below and downgradient of the Hill Lease, Exxon reported the following salt

concentrations for October 2012 samples (Cardno ERI, 2013):

Amec Foster Wheeler

I'\FR12s\FR1216043A\Archive\FR1216043A-008.docx

30



\

“~

amec
foster
wheeler
EC TDS Boron Sulfate

Wells (umhos/cm) (mg/L) (mg/L) (mg/L)

Exxon Hill Lease 4,000-25,000 4,160-19,300 2.5-48.7 830-2,000

MUN 1,600 1,000 5 500

AGR-Irrigation 3,000 2,000 15 na

AGR-Livestock 8,000 5,000 5 3,000

AGR-Poultry 5,000 na 5 na

na = not available.

Based on these data, shallow groundwater below the BWSD is not suitable for MUN without
expensive desalination treatment and is not suitable for AGR-Irrigation without significant
dilution with imported water. Groundwater below BWSD is marginally suitable for
AGR-Livestock and AGR-Poultry near the southern border of the District.

The RWQCB also regulates the MWTF operated by WMI; the MWTF is located just outside
the southern edge of the Study Area. The Tulare Lake Basin Plan finds that groundwater and
springs within ¥2 mile of the MWTF are found to have no beneficial uses and are included in
the beneficial use exceptions.

5.6.2 Vicinity of Berrenda Mesa Water District

In the vicinity of BMWD, the RWQCB regulates the Lost Hills Sanitary Landfill (LHSL) operated
by Kern County. The RWQCB also oversees cleanup of the Antelope Pump Station by
Chevron Environmental Management Company (CEMC).

The LHSL is located along the eastern edge of BMWD and along the southwestern flank of the
Lost Hills Anticline. For shallow groundwater below the LHSL, Kern County reported the
following salt concentrations for October 2011 samples (KCWMD, 2012):

TDS Chloride Sulfate
Wells (mg/L) (mg/L) (mg/L)
Lost Hills Landfill 3,400-4,300 620-1,200 1,400-1,500
MUN 1,000 500 500
AGR-Irrigation 2,000 na na
AGR-Livestock 5,000 na 3,000
AGR-Poultry na na na

na = not available.

Antelope Pump Station is located in the west-central portion of BMWD along Highway 46.
For groundwater below the Antelope Pump Station, CEMC reported the following salt
concentrations in March 2012 samples from shallow groundwater monitoring wells (Stantec,
2012):
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EC

Wells (umhos/cm)

Antelope Pump Station 1,175-2,416

MUN 1,600

AGR-Irrigation 3,000

AGR-Livestock 8,000

AGR-Poultry 5,000

About 4 miles from the eastern border of BMWD, the RWQCB regulates the Horizon Nut
Company, LLC, which operates a pistachio processing plant with a discharge of process waste
water to land (RWQCB, 2013a). The plant is located along Highway 33 near the intersection
of Highway 46. The RWQCB found “Groundwater in the vicinity of the Plant is saline and
generally of poor quality, which is characteristic of the west side of the San Joaquin Valley.”
The RWQCB reported the following salt concentrations for shallow groundwater in the vicinity
of the plant:

EC TDS Sulfate
Wells (umhos/cm)  (mg/L) (mg/L)
Horizon Nut 2,295-4,730 1,590-3,660 680-1,800
MUN 1,600 1,000 500
AGR-Irrigation 3,000 2,000 na
AGR-Livestock 8,000 5,000 3,000
AGR-Poultry 5,000 na na

na = not available.

Based on these data, shallow groundwater below the BMWD is not suitable for MUN without
expensive desalination treatment, but may be suitable for AGR-Irrigation, AGR-Livestock, and
AGR-Poultry in the eastern uplands near Antelope Pump Station.

5.6.3 Vicinity of Dudley Ridge Water District

In the vicinity of DRWD, the RWQCB regulates the Westlake Farms Biosolids Composting
Facility (WFB) operated by the County Sanitation Districts of Los Angeles County (LACSD)
and Westlake Farms, Inc. (Westlake), drainage basins.

The WFB is located just outside the east border of DRWD and about 5 miles southeast of
Kettleman City. Amec Foster Wheeler installed 14 shallow groundwater monitoring wells and
conducted routine monitoring for 5 years to develop concentration limits and to characterize
background concentrations of salts prior to development of the WFB (AMEC, 2010a).

The range of salt concentrations was:
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EC TDS Boron Sulfate

Wells (umhos/cm) (mg/L) (mg/L) (mg/L)

LACSD-Biosolids 6,670-26,500 5,920-26,800 2.4-20.2 2,930-11,600

MUN 1,600 1,000 5 500

AGR-Irrigation 3,000 2,000 15 na

AGR-Livestock 8,000 5,000 5 3,000

AGR-Poultry 5,000 na 5 na

na = not available.

Westlake’s south basins are also located just outside the east border of DRWD and about
4 miles southeast of Kettleman City. Westlake conducts groundwater monitoring from
four shallow groundwater monitoring wells. For the monitoring round in August 2011, the
range of salt concentrations was (AMEC, 2012c):

EC TDS Boron Sulfate
Wells (umhos/cm) (mg/L) (mg/L) (mg/L)
Westlake Farms 40,000-52,000  36,000-58,000 12-41 9,900-12,000
MUN 1,600 1,000 5 500
AGR-Irrigation 3,000 2,000 15 na
AGR-Livestock 8,000 5,000 5 3,000
AGR-Poultry 5,000 na 5 na

na = not available.

These data for the WFB and Westlake south basins show that groundwater along the eastern
border to DRWD exceeds the water quality criteria for MUN and all forms of AGR. The most
recent of the WFB and Westlake data are included in the study database.

The RWQCB regulates the Kettleman Hills Facility (KHF) operated by WMI; the KHF is along
the northwestern edge of the Study Area. Groundwater below the KHF is naturally of poor
mineral quality like the remainder of the Study Area (AMEC, 2012a):

EC TDS Chloride Sulfate
Wells (umhos/cm) (mg/L) (mg/L) (mg/L)
WMI - KHF 2,622-20,393 1,700-19,000 79-3,000  800-12,000
MUN 1,600 1,000 500 500
AGR-Irrigation 3,000 2,000 na na
AGR-Livestock 8,000 5,000 na 3,000
AGR-Poultry 5,000 na na na

na = not available.

Based on these data, shallow groundwater below the DRWD is not suitable for MUN without
expensive desalination treatment and is not suitable for AGR-Irrigation, AGR-Livestock, and
AGR-Poultry without substantial dilution with imported potable water.
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However, KHF is located on the southwestern portion of the North Dome of the Kettleman Hills
and is geologically isolated from groundwater within the Study Area. The sandstone beds
beneath KHF dip toward the southwest, away from the Study Area. Groundwater within the
sandstones cannot move eastward from the site toward the San Joaquin Valley (AMEC,
2010b). Based on these conditions, the RWQCB resolved in 1989 that groundwater contained
in the sandstones within ¥2 mile of the KHF is not a municipal or domestic supply (RWQCB,
1989). The Tulare Lake Basin Plan acknowledges these findings as “beneficial use
exceptions.” Since KHF groundwater is geologically isolated from the Study Area, Amec
Foster Wheeler has not included groundwater data below the KHF in this study.

5.6.4 Vicinity of Lost Hills Water District

The RWQCB regulates the closed oil field ponds previously operated by Chevron USA, and
the irrigation drainage ponds operated by the LHWD in the vicinity of LHWD.

Chevron'’s closed oil filed ponds are located along the eastern border of Lost Hills Oil Field just
north of Highway 46. For groundwater below and downgradient of the former oil field ponds in
Lost Hills Oil Field, Chevron reports the following salt concentrations for November 2012
samples (AMEC, 2013):

EC TDS Chloride Sulfate
Wells (umhos/cm) (mg/L) (mg/L) (mg/L)
Chevron - Lost Hills 4,600-30,000 4,100-30,000 880-7,900 1,500-23,000
MUN 1,600 1,000 500 500
AGR-Irrigation 3,000 2,000 na na
AGR-Livestock 8,000 5,000 na 3,000
AGR-Poultry 5,000 na na na

na = not available.

These data indicate that groundwater along the western side of LHWD is not suitable for MUN
without expensive desalination treatment and is not suitable for AGR-Irrigation,
AGR-Livestock, or AGR-Poultry without substantial dilution with imported potable water.

Along eastern border of LHWD, the District operates evaporation basins for disposal of
agricultural subsurface drainage water. These evaporation ponds are located just east of
Interstate 5 and south of Twisselman Road. For groundwater below the evaporation ponds,
LHWD reports the following range of salt concentrations in 2009/2010 samples from shallow
and deep monitoring wells (P&P, 2011):
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EC Chloride Sulfate

Wells (umhos/cm) (mg/L) (mg/L)

LHWD-Shallow 13,000-171,000 na na

LHWD-Deep 2,500-50,600 980-23,000 500-20,000

MUN 1,600 500 500

AGR-Irrigation 3,000 na na

AGR-Livestock 8,000 na 3,000

AGR-Poultry 5,000 na na

na = not available.

These data indicate that shallow and deep groundwater along the eastern side of the LHWD
is not suitable for MUN without expensive desalination treatment and is not suitable for
AGR-Irrigation, AGR-Livestock, or AGR-Poultry without substantial dilution with imported
potable water.

5.6.5

Amec Foster Wheeler was unable to find groundwater information/data for RWQCB-regulated
sites within the WSA.

Western Supplemental Area

5.7 KERN COUNTY WATER AGENCY

Groundwater quality data were requested from the KCWA for the Study Area. The KCWA
provided groundwater level and water quality data for 66 wells in the Study Area except for
DRWD, which is located in Kings County. Most of the data consisted of EC data with a few
boron and sulfate data points. The data set includes groundwater level data from 1957 to
2013 and water quality data from 1948 to 2013. A summary of the following salts
concentration data for these samples are summarized as follows:

EC Boron Sulfate
KCWA (umhos/cm) (mg/L) (mg/L)
Groundwater 370-55,600 0.48-14 130-3,600
MUN 1,600 5 500
AGR-Irrigation 3,000 15 na
AGR-Livestock 8,000 5 3,000
AGR-Poultry 5,000 5 na

na = not available.

These data indicate that groundwater in areas below portions of the Study Area contains high
EC concentrations that exceed the current water quality criteria for MUN, AGR-Irrigation,
AGR-Livestock, and AGR-Poultry west of DRWD, within the western portion of LHWD, and

in portions of BWSD. The western portion of BMWD has EC concentrations that meet the
water quality criteria for AGR-Irrigation. EC concentrations would also meet water quality
criteria for AGR-poultry and AGR-Livestock in the central portion of BMWD and in the
northwest area of BWSD. These data also indicate that there are isolated areas of
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groundwater in the northwest quadrant of the Study Area that may be marginal quality for
MUN, AGR-Irrigation, AGR-Livestock, and AGR-Poultry.

5.8 SAN LUIS OBISPO COUNTY

The far western part of the WSA includes a portion of San Luis Obispo County (SLO County)
within the Carrizo Plain Groundwater Basin and a portion of the Cholame Valley Groundwater
Basin, as designated by SLO County in their San Luis Obispo County Master Water Report
(SLO County, 2012). For Carrizo Plain Basin, SLO County summarized groundwater
information only for the base of Carrizo Plain, but not for the uplands area within the WSA.
For the Cholame Valley Basin, SLO County reports:

There are some small public water systems in the San Luis Obispo County portion of
the basin. All other pumping is for residential and agricultural purposes by overlying
users. No information is available describing basin yield. Very limited groundwater
quality information has been published or described. Water quality data from non-
specific sites indicate generally high concentrations of TDS, chlorides, sulfates, and
boron. Constraints on water availability in this basin include physical limitations and
water quality.

Within Cholame Valley Basin, SLO County reports only 26 acres of irrigated agriculture,
specifically citrus. Citrus was not grown within the WSA at that time.

5.9 OTHERS

Starrh & Starrh Cotton Growers (Sanden, 2012) provided analytical data for a new irrigation
well and several other irrigation wells in southern BWSD. The results for salts in the
September 2010 samples from the new well in NE¥09-T28S/R22E are:

EC TDS Boron Sulfate Arsenic
Wells (umhos/cm) (mg/L) (mg/L) (mg/L) (ug/L)
Starrh & Starrh 3,100 2,300 7.1 1,000 16
MUN 1,600 1,000 5 500 10
AGR-Irrigation 3,000 2,000 15 na 100
AGR-Livestock 8,000 5,000 5 3,000 200
AGR-Poultry 5,000 na 5 na 200

na = not available.

This groundwater is not suitable for MUN without expensive desalination treatment. This
groundwater is also not suitable for AGR-Irrigation, AGR-Livestock, or AGR-Poultry without
substantial dilution with imported potable water.

Aera operates the Spicer City water system just east of BWSD and outside of the Study Area.
The system consists of two wells, a pipeline, booster pumps, and a chlorination system that
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supplies water for IND and MUN operations in Belridge Oil Field. The system also supplies
MUN for Missouri Triangle, Belridge School, and for office/housing facilities operated by

Paramount Farming Company on Lerdo Highway and on Lost Hills Road. Aera provided some
recent (2008 and 2015) analytical results for this water supply:

EC TDS Sulfate Arsenic
Wells (umhos/cm) (mg/L) (mg/L) (ug/L)
Spicer City 2,080-2,530 1,300-1,700 200-310 5.6
MUN 1,600 1,000 500 10
AGR-Irrigation 3,000 2,000 na 100
AGR-Livestock 8,000 5,000 3,000 200
AGR-Poultry 5,000 na na 200

na = not available.

Although this groundwater is used for MUN, it exceeds the corresponding drinking water
quality criteria for EC and TDS. This water is usable for AGR-Irrigation, AGR-Livestock,
AGR-Poultry and IND.

DRWD (1976) provided analytical results for EC concentrations in water samples collected
from four wells located in the district between April 1968 and April 1971

EC
Wells (umhos/cm)
T22S/R19E/18P2 1,130
T23S/R23E/11D1 13,300
T24S/R19E/2R2 7,050
T24S/R19E/25E1 24,300
MUN 1,600
AGR-Irrigation 3,000
AGR-Livestock 8,000
AGR-Poultry 5,000

na = not available.

The northern-most well (T22S/R19E/18P2, near Kettleman City) is marginally suitable for
MUN; groundwater from this well could be used for all AGR uses. However, groundwater from
the remaining wells in central and southern DRWD (T23S/R23E/11D1, T24S/R19E/2R2, and
T24S/R19E/25E1) are not suitable for MUN, AGR-Irrigation, or AGR-Poultry. Groundwater
from T24S/R19E/2R2 may be marginally usable for AGR-Livestock.

Provost & Pritchard Consulting Group (P&P) prepared an Initial Groundwater Study, Vicinity of
Service Area 6 (P&P, 2007) on behalf of LHWD. Area 6 of LHWD includes most of the District
east of I-5 highway. P&P found that groundwater occurs as a perched zone (above the A-
clay), an unconfined zone (above the Corcoran Clay), confined zone (below the Corcoran
Clay), and the deep saline aquifer (below about 600 feet bgs). “The A-clay underlies most of
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Service Area 3...and does cause perched groundwater conditions.” P&P summarized
groundwater quality for the perched zone as follows:

TDS
LHWD Area 6 (mg/L)
Perched Zone 1,955-32,227
Unconfined Zone 2.433-5,480
Confined Zone 392-3,000
MUN 1,000
AGR-Irrigation 2,000
AGR-Livestock 5,000
AGR-Poultry na

na = not available.

Based on these data, first encountered perched groundwater and the unconfined zone below
Service Area 6 are not suitable for MUN without expensive desalination treatment. The
perched and unconfined zones are also unsuitable for AGR-Irrigation but may be suitable for
AGR-Livestock or AGR-Poultry with substantial dilution with imported potable water.

The Central Valley Salinity Alternatives for Long-Term Sustainability (CVSalts) recently
published the Initial Conceptual Model, Final Report (Walker, et al., 2013) as a precursor for
salt and nutrient management planning in the San Joaquin Valley. Walker, et al. (2013)
looked at readily available groundwater quality data for hydrologic basins, including the
Western Kern County and Southern Pleasant Valley Basin (Initial Analysis Zone 19 or IAZ 19)
that encompasses the Study Area for this report. Walker, et al. (2013) summarized the
following statistical analysis of TDS data for shallow groundwater in IAZ 19, as follows:

TDS
Wells (mg/L)
IAZ 19 - 29" Percentile 3,075
IAZ 19 — Median 11,300
IAZ 19 — 79" Percentile 14,500
MUN 1,000
AGR-Irrigation 2,000
AGR-Livestock 8,000
AGR-Poultry 5,000

The 1AZ 19 data indicate that shallow groundwater within the Study Area exceeds the current
water quality criteria for MUN, AGR-Irrigation, AGR-Livestock, and AGR-Poultry in most parts
of the Study Area. The data also indicate that there are isolated areas of shallow groundwater
within IAZ 19 that may be marginal quality for AGR-Livestock and AGR-Poultry.
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6.0 GROUNDWATER SAMPLING/ANALYSIS PROGRAM

To support this study, the Coalition arranged for sampling and analysis of groundwater from
operable wells within the Study Area. At the time, the agricultural wells were in use that
included blending with CVP water.

On May 9, 2013, and prior to sampling the wells, Amec Foster Wheeler and a representative
of the Coalition conducted a reconnaissance of 16 wells in BWSD, 6 wells in BMWD, and

5 wells in LHWD. All except two of the wells were used for AGR-Irrigation producing from the
semi-confined aquifer. One well in the far western extent of BMWD (Berrenda Mesa 1) was
used for domestic water supply, after desalination treatment with a point-of-use (under-sink)
system. One well in southeastern LHWD was used for wildlife habitat upkeep adjacent the
LHWD drainage ponds. During this reconnaissance, Amec Foster Wheeler collected
geospatial position (GPS) information locating each well, worked out well operating
parameters, and identified well construction/use information that was readily apparent at the
well sites. Groundwater level measurements were taken in four of the wells, where
accessible. Five of the wells were operating at the time for irrigation with blended aqueduct
water. Based on the reconnaissance, the Coalition elected to sample all the wells, except
those that had no attached drive motor and required tractor equipped power take-off to
operate or were having pump components serviced. The well reconnaissance information is
summarized in Table 2 for those wells in which samples were collected. After the
reconnaissance, the Coalition identified one well in BWSD and one well in DRWD that were
added to the sampling program (Table 2). Dudley Ridge 1 was used for limited domestic use
(toilets and sinks — bottled water supplied for drinking).

Amec Foster Wheeler prepared a sampling and analysis plan prior to mobilizing to the field,
subcontracted for laboratory analytical services, and obtained sampling equipment. Amec
Foster Wheeler subcontracted with BSK Laboratories, Inc. (BSK), of Fresno California, a
California-certified laboratory, for the analytical services and obtained laboratory-prepared
sample containers. Amec Foster Wheeler used a bladder pump and Teflon lined polyethylene
tubing for sampling accessible wells that were not equipped with operable pumps.

6.1 FIELD METHODS

On May 21, 2013, Amec Foster Wheeler mobilized to collect groundwater samples from

11 area water supply wells. Amec Foster Wheeler collected groundwater samples from six
wells with operable pumps and from two wells (Belridge 1 and Belridge 3) without operable
pumps. These two wells were sampled with a portable bladder pump system. Amec Foster
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Wheeler also collected groundwater samples from two additional wells, one in BWSD and one
in LHWD, on May 30, 2013. A total of 21 wells were sampled as part of this study.

Groundwater monitoring equipment was cleaned prior to each use. Sounder measurements
were recorded to the nearest 0.01 foot. Amec Foster Wheeler attempted to take depth-to-
groundwater measurements (top of the casing to first encountered groundwater) using a
portable electric sounder before collecting groundwater samples.

For wells with operable pumps, Amec Foster Wheeler purged the wells and opened the spigot
nearest the well. The well was purged for a minimum of 5 minutes and until field parameters
(pH, EC, and temperature) had stabilized. Purge water was discharged to the irrigation
system or placed as directed by the well owner. Groundwater samples were collected in
sample containers provided by the laboratory from the spigot nearest the well. The samples
were immediately sealed, labeled, and placed into iced coolers for transport to the laboratory
using chain-of-custody procedures.

For wells without operable pumps (wells Belridge 1 and Belridge 3), Amec Foster Wheeler
purged and sampled the wells using a bladder pump fitted with a Teflon™ bladder and Teflon-
lined tubing. These wells were purged using compressed nitrogen in accordance with the low-
flow sampling methodology.

6.2 LABORATORY METHODS

The groundwater samples were analyzed for salts by BSK using the following analytical
methods:

Constituent Method

Electrical Conductance EPA 120.1

pH EPA 150.1

Total Dissolved Solids EPA 160

Dissolved Metals® EPA 200.7 and 7470A (mercury)
Inorganics2 EPA 300.0 and EPA 310.1
Total Kjeldahl Nitrogen EPA 351.2

Nitrite EPA 353.2

Gross Alpha EPA 900.0

1. Dissolved Metals includes aluminum, antimony, arsenic, barium, beryllium,
boron, cadmium, calcium, chromium, copper, iron, lead, manganese,
magnesium, mercury, nickel, potassium, selenium, sodium, silica, thallium,
vanadium, and zinc.

2. Inorganics includes chloride, fluoride, nitrate, sulfate, bicarbonate, carbonate,
hydroxide, and alkalinity.
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Samples intended for dissolved metals analysis were filtered (0.45 micron filter) in the
laboratory prior to analysis. In addition to the above analyses, Amec Foster Wheeler
requested that the laboratory calculate sodium adsorption ratio, exchangeable sodium
percentage, total cations, total anions, cation/anion balance, and Langelier saturation index.
A copy of the analytical reports is provided in Appendix D, and the results are summarized in
Tables 3, 4, and 5 (inorganics, metals, and other constituents, respectively).

Upon receipt of the analytical results, Amec Foster Wheeler reviewed the results for quality
assurance purposes. The laboratory indicated that quality assurance results were within
acceptable limits. In addition, Amec Foster Wheeler collected a duplicate sample from one
well (Belridge 1) for laboratory analysis and calculated the cation/anion balance. The
analytical results for the primary and duplicate sample from this well (Belridge 1) were
comparable (relative percent difference within £10%, except for selenium at -17%).

The cation/anion balances were calculated from results for major cations/anions for each
sample; cation/anion balances were within £5%. Based on these quality assurance results,
the analytical results for the 2013 groundwater samples should be usable for groundwater
characterization.

6.3 RESULTS

The analytical results for the supply wells in each district that were sampled as part of this
study are summarized in Tables 4, 5, and 6. The results for salts (Table 4) and metals
(Table 5) include the following:

EC TDS Boron Sulfate Arsenic
Wells (umhos/cm) (mg/L) (mg/L) (mg/L) (ug/L)
BWSD (10 Wells) 2,900-21,000 1,800-18,000 3.3-47 510-2,200 2-33
BMWD (6 Wells) 1,800-3,200 1,300-2,600 1.6-6.7 450-1,200 <2-22

DRWD (1 Well) 4,500 3,000 1.2 1,200 14
LHWD (4 Wells) 2,700-5,800 2,000-4,000 0.8-3.3 470-1.300 <2-10
MUN 1,600 1,000 5 500 10
AGR-Irrigation 3,000 2,000 15 na 100
AGR-Livestock 8,000 5,000 5 3,000 200
AGR-Poultry 5,000 na 5 na 200

na = not available.

These data show that groundwater from supply wells within the Study Area does not meet
water quality criteria for MUN due to elevated salts (EC, TDS, and sulfate) and metals (boron
and, in some areas, arsenic, selenium, and gross alpha particles). All 21 of the samples
exceeded the State of California Secondary Maximum Contaminant Levels (MCLs, Sections
64444 through 64449, Title 22, California Code of Regulations [CCR]) for EC and TDS in
drinking water. Eight of the 21 groundwater samples exceeded the EPA’s Drinking Water
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Health Advisory (DWHA) for boron (6,500 to 47,000 micrograms per liter [ug/L] compared to
the DWHA of 5,000 ug/L). For the other salts (Table 4), all 21 of the groundwater samples
exceeded the DWHA for sodium (220 to 3,600 mg/L compared to the DWHA of 20 mg/L).

For the metals in addition to arsenic (see Table 5), 2 of the 21 groundwater samples also
exceeded the MCL for selenium (95 and 250 pg/L compared to the MCL of 50 pg/L), and 6 of
the 21 water samples exceeded the MCL for alpha particle activity (17.7 to 479 pCi/L
compared to the MCL of 15 pCi/L). These data indicate that groundwater below the Study
Area is not suitable as a source of MUN without expensive desalination treatment. The
presence of detectable gross alpha activity also shows that groundwater below parts of the
Study Area contains naturally occurring radioactive materials.

Elevated salt concentrations typically correlate with elevated water hardness. Water hardness
is not directly linked to impairment of human health. However, hard water requires more soap
and synthetic detergents for home laundry and washing and contributes to scaling in
household piping and water heaters. Hardness is caused by compounds of calcium and
magnesium and by a variety of other metals. General guidelines for classification of waters
are: 0to 60 mg/L as calcium carbonate is classified as soft, 61 to 120 mg/L as moderately
hard, 121 to 180 mg/L as hard, and more than 180 mg/L as very hard. Most water utilities try
to provide water that is not in the very hard category because of the unpleasant effects such
as scaling in equipment and the need for more soap and synthetic detergents. In addition,
many homeowners in hard-water areas use water softeners to further reduce hardness by
substituting sodium for calcium and magnesium (USGS, 2013). As such, elevated water
hardness has economic effects for MUN, if not treated. The range of water hardness results
for 2013 groundwater samples are summarized in Table 5 and as follows:

Hardness
Supply Wells (mg/L)
BWSD (10 Wells) 510-5,600
BMWD (6 Wells) 470-890
DRWD (1 Well) 960
LHWD (4 Wells) 790-1,200
MUN 180 (Very Hard)

“Most water utilities try to provide water that is not in the very hard category because of
the unpleasant effects such as scaling in equipment and the need for more soap and
synthetic detergents. In addition, many homeowners in hard-water areas use water
softeners to further reduce hardness by substituting sodium for calcium and
magnesium.” (USGS, 2013)

Groundwater below the Study Area would be classified as very hard and would typically
require softening or desalination treatment for MUN use.
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The 2013 data show that groundwater from producing wells within the Study Area does not
meet the water quality criteria for AGR-Irrigation due to elevated concentrations of salts (EC
and TDS, Table 4). Sixteen of the 21 groundwater samples equaled or exceeded the AGR-
Irrigation water quality criteria for TDS and/or EC (3,000 micromhos per centimeter [umhos/cm]
and 2,000 mg/L, respectively from FAO, 1994). These data indicate that groundwater below
the Study Area is not suitable as a source for AGR-Irrigation without substantial dilution with
imported aqueduct water, except for salt tolerant crops in certain isolated areas (primarily
BMWD).

Groundwater within the Study Area is marginally suitable to unsuitable in some parts of the
Study Area for AGR-Livestock and AGR-Poultry based on elevated salts (EC) and a metal
(boron). Eight of 21 groundwater samples exceeded the AGR-Poultry water quality criteria
for EC (5,000 pmhos/cm from FAO, 1994) and 8 of 21 groundwater samples exceeded the
AGR-Livestock water quality criteria for boron (5,000 ug/L from FAO, 1994). Groundwater in
some parts of the Study Area may be suitable as a source for AGR-Livestock and AGR-
Poultry, without treatment or dilution with imported aqueduct water. Hardness is not known to
have limitations for AGR-Livestock or AGR-Poultry.

7.0 WATER QUALITY DATABASE AND GEOGRAPHIC INFORMATION SYSTEM

Amec Foster Wheeler compiled a database of geological, water quality, and groundwater level
data for the Study Area from available federal, state, and local agency data sources. These
sources include: KCWA, DWR, SWRCB, CDPH (Drinking Water Branch), CDPR, California
Department of Conservation (Division of Oil and Gas), USBR, USGS, EPA, and information
made available from the Districts.

Data that were available electronically were parsed and imported into the database. Data from
paper sources were manually entered into the database. Well locations identified from
non-digital maps were digitized using ESRI ArcGIS Geographic Information System (GIS)
software and imported into the database. Each data point was assigned a unique source
identification. Spatial information including coordinate data (nhorthing and easting) and
elevation (if available) were imported into the database so that it could be integrated with
ArcGIS. Analytical and groundwater level data were assigned unique sample identification
based on the source identification and date and time the sample or groundwater level was
taken or measured. A total of 1,716 well locations were imported into the database. Of these,
1,102 locations had available analytical data and 565 locations contained groundwater level
data.
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Geologic data obtained from USGS and DWR were imported into ArcGIS geodatabase.
Electronically available data in the form of ESRI compatible shape files contained geology
features (Graham et at., 1999; Faunt et al., 2010) and soil texture data (Faunt et al., 2010) that
were directly imported into the geodatabase. Paper copies of geologic maps containing data
within the Study Area were digitized into the geodatabase.

The database was intergraded with ESRI's ArcGIS software so that well locations and
analytical data could be evaluated using GIS to parse and display the data on maps in relation
to cultural and geologic features. ArcGIS was used to query the analytical data to generate
concentration maps for TDS, EC, boron, chloride, and sulfate.

7.1 U.S. GEOLOGICAL SURVEY TEXTURE MODEL DATA

The USGS compiled a proprietary database of 150,000 DWR well driller logs for the entire
San Joaquin/Sacramento Valley in support of their Central Valley Hydrogeologic Model (Faunt
et al., 2010). A subset of 8,497 good quality logs was used to interpret soil texture data in
depth intervals of 50 feet from ground surface to a depth of 2,275 feet bgs. The texture data
represents the percent of coarse grained fraction within the 50 foot logged interval. In regards
to soil textures, the USGS defines coarse grained as sediments consisting of sand, gravel
pebbles, boulders, cobbles, or conglomerates. Fine grained units are sediments consisting of
clay, silt, mud, loam, or lime (Faunt et al., 2010).

The texture data within the Study Area consist of a grid of 932 points with a uniform cell
spacing of approximately 5,250 feet. The average range of percent coarse-grained soils within
the Study Area is from 32 to 45%. This range is equivalent to sandy lean clay/silt type Unified
Soil Classification System soils. Table 6 summarizes the average percent coarse for the
upper 30 soil texture depth intervals from surface to 1,450 feet bgs within the model domain.
These data show that on average for each depth interval that soil textures within the Study
Area are generally fine grained.

Amec Foster Wheeler prepared soil texture maps with contours showing percent coarse-
grained soils for the first 30 depth intervals from surface to 1,450 feet bgs. The soil textures
and contours were prepared using ArcGIS spatial analysis kriging tools. These maps are
provided in Appendix E. Cross sections A to A’ and B to B’ (Figure 4) were also prepared
using the ArcGIS kriging tools.

7.2 WELL AQUIFER ZONE DESIGNATIONS

Each well was assigned to one of four aquifer zones based on available well construction
information (Figure 8). Wells with no available construction data are designated as
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unassigned. The four zones are: (1) perched aquifer zone located along the west side of the
Study Area, (2) unconfined zone consisting of sediments above the Corcoran Clay where
present, (3) regional unconfined zone west of the lateral extent of the Corcoran Clay, and

(4) confined zone in areas underlying the areal extent of the Corcoran Clay.

The following criteria were applied to assigning wells to aquifer zones. Wells located west of
the California Aqueduct with screened intervals or total depths less than 60 feet deep were
assigned to the perched zone. Wells located with the areal extent of the Corcoran Clay with
screened intervals or total depths above the top of the Corcoran Clay were assigned to
unconfined zone. Wells screened below the base of the Corcoran Clay were assigned to the
confined zone. Wells with total depths below the Corcoran Clay with unknown screened
intervals were also assigned to the confined zone. Wells located west of the area extent of the
E-clay with screened intervals or with total depths within the Tulare Formation were assigned
to the regional unconfined zone. Wells with screened zones through the perched, unconfined,
or confined zones were designated multi-zone wells.

7.3 GROUNDWATER LEVEL DATA

The database contains 565 well locations that contained water data. Of these, 58 are perched
zone wells, 111 are unconfined wells, 71 are regional unconfined wells, and 6 are confined
zone wells. The remaining 319 wells are not assigned to an aquifer zone because they have
no available well construction data.

Groundwater level measurement data for most wells were collected as a single event or on an
infrequent basis. Groundwater level data were scattered with respect to location and
frequency of collection. Facilities that have monitoring systems required by WDRs have
groundwater level data available on a quarterly or semiannual basis for recent years. Even so,
these facilities are generally remotely located with respect to one another. The highest
concentration of groundwater level data occurs between 1970 and 1974 and was associated
with KCWA Westside Groundwater Study (KCWA, 1974). A potentiometric surface map for
groundwater was not prepared because of the scattered nature of the groundwater level data
with respect to location and temporal distribution of these data. Depth to groundwater within
the Study Area is shown on Figure 9.

7.4 GROUNDWATER QUALITY DATA

The groundwater quality database consists of 1,102 well locations that contain water quality
data. Of these, 66 are perched zone wells, 287 are unconfined wells, 171 are regional
unconfined wells, and 50 are confined zone wells (Figure 5). The remaining 528 wells are not
assigned to an aquifer zone due to lacking well construction data.
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Agricultural irrigation may affect the quality of first encountered groundwater below the Study
Area, which includes perched groundwater below BWSD, DRWD, and LHWD and unconfined
groundwater below BMWD. Agricultural irrigation is unlikely to affect confined groundwater
below the Study Area. For purposes of this study, Amec Foster Wheeler has defined first
encountered groundwater to include the lateral extent of the perched zone, the adjacent
unconfined aquifer zone, and the regional unconfined aquifer west of the lateral extent of the
Corcoran Clay (Figure 5).

Groundwater quality parameters TDS, EC, boron, chloride, and sulfate were plotted on
Figures 10 through 15. Groundwater quality data are discussed in the following subsections.

7.4.1 Total Dissolved Soils

TDS groundwater quality data are shown on Figure 10 for all aquifer zones. This map gives
an overview of TDS in groundwater within the Study Area for all available data. The color-
coded wells are keyed to ranges of TDS concentrations associated with the following
beneficial use designations:

0 to 1,000 mg/L = MUN, AGR-Irrigation, and AGR-Livestock

1,001 to 2,000 mg/L = AGR-Irrigation and AGR-Livestock

2,001 to 5,000 mg/L = AGR-Livestock

>5,000 mg/L = no MUN, AGR-Irrigation, or AGR-Livestock beneficial use

Figure 10 shows that groundwater beneath the Study Area varies in TDS concentrations, even
in wells in close proximity. However, groundwater from relatively few wells is reported to meet
the MUN designation (<1,000 mg/L TDS or <1,600 umhos/cm EC). Lower salinity
concentrations suitable for AGR-Irrigation are apparent in BMWD. Most groundwater from
wells within BWSD and LHWD is not suitable for MUN or AGR-Irrigation.

TDS concentrations for wells producing first encountered groundwater are shown on

Figure 10. The distribution of TDS shown on Figure 10 shows that first encountered
groundwater within the Study Area does not meet water quality criteria for MUN designation
due to elevated TDS except in the extreme northern portion of DRWD. AGR-Irrigation is not
suitable in most parts of the Study Area, except the western portion of BMWD, along the
extreme western portion of LHWD and BWSD, and the extreme northern tip of DRWD. Some
areas within the Study Area may be suitable for AGR-Livestock, whereas others areas are not
because of TDS in excess of 5,000 mg/L. Based on these TDS data, the concentration of total
salts in first encountered groundwater below the Study Area is incompatible with MUN use
without expensive desalination treatment, except possibly at the northern end of DRWD near
Kettleman City. Concentrations of total salts in first encountered groundwater below BWSD,
DRWD, and LHWD are incompatible with AGR-Irrigation without significant dilution with fresh
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water. Concentrations of total salts in first encountered groundwater below the eastern third of
BMWD are marginally suitable for AGR-Irrigation, depending upon the location of the well.

7.4.2 Electrical Conductivity

EC data for first encountered groundwater are shown on Figure 11. The color-coded wells are
keyed to ranges of EC concentrations associated with the following beneficial use
designations:

0 to 1,600 umhos/cm = MUN, AGR-Irrigation, AGR-Poultry, and AGR-Livestock

1,601 to 3,000 umhos/cm = AGR-Irrigation, AGR-Poultry, and AGR-Livestock

3,001 to 5,000 umhos/cm = AGR-poultry and AGR-Livestock

5,001 to 8,000 umhos/cm — AGR-livestock

>8,000 pmhos/cm = no MUN, AGR-Irrigation, AGR-Poultry, or AGR-Livestock beneficial use

The distribution of EC concentrations shown on Figure 11 shows that first encountered
groundwater within the Study Area does not meet water quality criteria for MUN designation
due to elevated salts except in the extreme northern portion of DRWD. AGR-Irrigation is not
suitable in most areas of the district except the western portion of BMWD, along the extreme
western portion of LHWD and in isolated pockets in the extreme southeast corner of BWSD.
Some parts of the Study Area may be suitable for AGR-poultry (EC 3,001 to 5,000 pumhos/cm)
and AGR-Livestock (EC 5,001 to 8,000 umhos/cm) whereas other areas are not because of
EC in excess of 8,000 mg/L.

7.4.3 Boron

Boron data for first encountered groundwater are shown on Figure 12. The color-coded wells
are keyed to ranges of boron concentrations associated with the following beneficial use
designations:

0 to 5 mg/L = MUN, AGR-Irrigation, AGR-Livestock, and AGR-Poultry
5.01 to 15 mg/L = AGR-Irrigation
>15 mg/L = no MUN, AGR-Irrigation, AGR-Livestock, or AGR-Poultry beneficial use

The distribution of boron shown on Figure 12 shows that groundwater within the Study Area
meets water quality criteria for MUN designation for boron in BMWD, the western portion of
LHWD, in isolated pockets in BWSD, and in the extreme north of DRWD. Boron
concentrations in which groundwater are not suitable for MUN or AGR-Irrigation appear to be
associated with areas of perched groundwater along the central and eastern portions of LHWD
and within the east central and southern portions of BWSD. Isolated pockets of high boron
appear to be associated with oil field operations in BWSD.

Amec Foster Wheeler

I'\FR12s\FR1216043A\Archive\FR1216043A-008.docx 47



\/
 /
amec s
foster

wheeler
7.4.4 Chloride

Chloride data for first encountered groundwater are shown on Figure 13. The color-coded
wells are keyed to ranges of chloride concentrations associated with MUN beneficial use
designations:

0 to 500 mg/L = MUN
>500 mg/L = no MUN use

The distribution of chloride concentrations on Figure 13 shows that groundwater within the
Study Area meets water quality criteria for MUN designation for chloride in the western
portions of BMWD and LHWD and the extreme northern portion of DRWD. There are also
some pockets of groundwater within BWSD that would meet the MUN criteria for chloride.
These are, however, interspersed among areas of poor groundwater quality. Groundwater
guality east of DRWD is very poor with respect to chloride and it would not meet the MUN
criteria. Chloride concentrations in groundwater that is not suitable for MUN occur along the
east central portion of LHWD, the central portion of BMWD, and along the west central portion
of BWSD.

7.4.5 Nitrate

Nitrate data for first encountered groundwater are show on Figure 14. The color-coded wells
are keyed to ranges of nitrate concentrations associated with MUN beneficial use
designations:

0 to 45 mg/L = MUN
>45 mg/L = no MUN use

The distribution of nitrate concentrations on Figure 14 shows that groundwater within the
Study Area meets water quality criteria for MUN designation for nitrate in most areas. There
are area of groundwater within LHWD, DRWD, and BWSD that would meet the MUN criteria
for nitrate. These are, however, interspersed among areas of poor groundwater quality
(Figures 10 and 11). Groundwater quality in the southern portion of BWSD is very poor with
respect to nitrate and it would not meet the MUN criteria. Nitrate concentrations in
groundwater that is not suitable for MUN occur in several scattered pockets in eastern LHWD,
three pockets in western portion of the BMWD, and at the northern edge of DRWD.
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7.4.6 Sulfate

Sulfate data for first encountered groundwater are shown on Figure 15. The color-coded wells
are keyed to ranges of sulfate concentrations associated with the following beneficial use
designations:

0 to 500 mg/L = MUN and AGR-Livestock
501 to 3,000 mg/L = AGR-Livestock
>3,000 mg/L = no MUN or AGR-Livestock beneficial use

The distribution of sulfate concentrations shown on Figure 15 shows that most groundwater
within the Study Area does not meet water quality criteria for MUN designation because of
elevated Sulfate. There are isolated wells within the extreme eastern portion of LHWD, the
west side of BWSD, and the extreme northern portion of DRWD that produce groundwater
with sulfate concentrations low enough meet the MUN designation criteria. Most wells in
BWSD would be limited to AGR-livestock designation with the exception of very poor water
quality in perched groundwater in the east central portion of LHWD and east of DRWD, which
contains sulfate in excess of 3,000 mg/L.

7.4.7 Pesticides

CDPH (now part of the SWRCB) has required monitoring of pesticide residues in California
municipal water supplies for many years. Much of these data are summarized in the
SWRCB’s GeoTracker GAMA database. Amec Foster Wheeler found pesticide analytical
results for two wells in the Study Area for samples collected in 1987 through 2006. The
samples were collected from two wells in southern BWSD (Clean Harbors) and a water system
in central LHWD (La Cuesta Verde Ranches). These samples were analyzed for a variety of
chlorinated pesticides and volatile organic compounds; none were detected. The Clean
Harbors wells are identified on CDPH’s DRINC database as “inactive.” The database
identified the La Cuesta Verde Ranches facility as “NP” or a “non-piped source of
water...transported to a facility via a sanitary tanker.”

The CDPR has monitored California well water for pesticide residues for more than 25 years.
In 1982, CDPR collected water samples from one well in BWSD and one well in LHWD and
arranged for selected pesticide analyses (carbofuran, 1,2-dibromochloropropane [DBCP],
ethylene dibromide, and simazine); none were detected. The CDPR did not find detected
pesticides in these well water samples collected within the Study Area.

In 2008, the USGS published the results of a study of Nitrate and Pesticides in Groundwater in
the Eastern San Joaquin Valley (USGS, 2008b). Although the USGS Study Area did not
include the Northern Supplemental Area of the Coalition, it identifies the pesticides most likely
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to be detected in groundwater. USGS found that the most frequently detected pesticides were
atrazine, simazine, diuron, 1,2,3-trichloropropane (TCP), and DBCP. Also in 2008, the USGS
published the results of a similar study for the central part of Kern County (not including this
Study Area) (USGS, 2008a). For central Kern County, USGS found that the most frequently
detected pesticides were atrazine, simazine, 1,2-dichloropropane (DCP).

Amec Foster Wheeler has reviewed the GeoTracker GAMA database for analytical data on
atrazine, simazine, diuron, TCP, DBCP, and DCP for groundwater within the Study Area.

The following table summarizes the results of that review:

Pesticide Wells with Data Wells with Detections

Atrazine 24 1(E)
Simazine 30 1(E)
Diuron 15 0
TCP 21 0
DBCP 31 0
DCP 25 1

E = estimated value at or below analytical detection level

This review indicated that the available data for the Study Area did not typically include
detections of pesticides commonly detected in groundwater. Two of the reported detections
(atrazine and simazine) were at or near the analytical detection level; well below
concentrations of potential health concern in drinking water. DCP was detected in one sample
at a concentration of 0.3 pg/L, well below the MCL for DCP in drinking water (5.0 pg/L).

Amec Foster Wheeler also reviewed DWR'’s agricultural drainage database for analytical data
on atrazine, simazine, diuron, TCP, DBCP, and DCP in perched groundwater within BWSD
and LHWD. DWR sampled one tile drain (LNW5467) in LHWD for pesticides consisting of 12
samples collected between 2006 and 2012. Drainage water samples were not analyzed for
TCP, DBCP, or DCP.

Pesticide LNW5467 Samples Samples with Detections

Atrazine 12 2
Simazine 12 2
Diuron 12 3

The maximum detected concentrations of atrazine, simazine, and diuron were 0.09, 0.05, and
0.34 ug/L, respectively. These detected concentrations were well below the corresponding
MCLs for atrazine and simazine (1.0 and 4.0 pg/L, respectively); an MCL has not been
established for diuron. The most recent samples (2011) from LNW5467 did not contain
detectable atrazine, simazine, or diuron.
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Based on the above data, pesticides were infrequently detected in groundwater samples from
the Study Area and the detections were at concentrations well below corresponding MCLs.

8.0 BENEFICIAL USE CHARACTERIZATION

Pursuant to Section 13050 of the California Water Code, a basin plan is to consist of all of the
following:

(1) Beneficial uses to be protected.
(2) Water quality objectives.
(3) A program of implementation needed for achieving water quality objectives.

The RWQCB originally adopted the Tulare Lake Basin Plan in 1975 based on the directive of
Section 13050 of the California Water Code. The Tulare Lake Basin Plan established
beneficial uses of surface water and groundwater and specified water quality objectives to
protect those beneficial uses. Pursuant to Policy with Respect to Maintaining High Quality of
Waters in California (SWRCB, 1968) and other SWRCB policies, groundwater in the Tulare
Lake Basin was designated to have the following beneficial uses: MUN, AGR, and IND.

In WDRs issued to individual facilities within the vicinity of the Study Area, the RWQCB has
found poor groundwater quality conditions and referenced the applicable MUN exceptions
from the Sources of Drinking Water policy; for example, WDRs Order R5-2009-0018, for the
Liberty Composting Facility:

“27. Results of groundwater monitoring at the facility indicate that the groundwater has
an electrical conductivity that ranges from 4,200 to 8,900 micromhos per centimeter
and a TDS concentration that ranges from 3,660 to 8,850 mg/L. These concentrations
exceed the California Recommended Secondary Drinking Water Standard for TDS of
500 mg/L contained in Title 22, CCR, Section 64449; and the USEPA Recommended
Secondary Standard for TDS in drinking water of 500 mg/L.

“28. Groundwater within one mile of the site is not suitable for use as a municipal and
domestic water supply. TDS exceeds 3,000 mg/l and the water contains excessive
amounts of chloride, sulfate, nitrate, arsenic, chromium, and lead. This water cannot
be used for municipal or domestic supply without extensive treatment, which is not
economical when excellent quality surface water (from the California Aqueduct) is
available. It is therefore not expected to supply a public water system.”

Despite the above RWQCB finding and other similar findings for facilities within the Study Area
(Appendix A), the RWQCB has yet to take action to appropriately designate beneficial uses of
groundwater within the Districts area. The Coalition has advised the RWQCB of its intent to
pursue a basin plan amendment to support appropriate designation of beneficial uses and
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adoption of appropriate water quality criteria for groundwater within a portion of the Study
Area.

8.1 DESIGNATED BENEFICIAL USES OF GROUNDWATER AND WATER QUALITY CRITERIA

Beneficial uses of groundwater are established in the Tulare Lake Basin Plan for DAUSs.
The Districts are within the following DAUS:

BWSD, BMWD, LHWD, and WSA in DAU 259
DRWD in DAU 246

The designated beneficial uses of groundwater in DAU 259 and DAU 246 are MUN, AGR, and
IND. For these beneficial uses, the Tulare Lake Basin Plan specified numeric water quality
criteria for certain water quality parameters and provided narrative water quality for other
parameters. In the Tulare Lake Basin Plan, the designated numeric water quality criteria for
MUN are:

“At a minimum, waters designated MUN shall not contain concentrations of chemical
constituents in excess of maximum contaminant levels (MCLS)...or secondary
Maximum Contaminant Levels (SMCLs)...”

The Tulare Lake Basin Plan did identify the following narrative water quality criteria for
groundwater, including the following:

“Ground waters shall not contain chemical constituents in concentrations that adversely
affect beneficial uses.”

“Ground waters shall not contain taste- or odor-producing substances in concentrations
that cause nuisance or adversely affect beneficial uses.”

As a component of this GAR, Amec Foster Wheeler reviewed available references to define
water quality criteria for the beneficial uses of MUN, AGR, and IND. We have limited this
review primarily to salts. However, groundwater in portions of the Study Area also contains
naturally elevated concentrations of the metal arsenic; as such, arsenic has been included in
this review. The review summarizes information including: MCLs and SMCLs from Title 22 of
the CCR DWHA published by the EPA (2003 and 2008) and Water Quality for Agriculture
(FAO, 1994). A summary of that review is provided in Appendix B.

8.2 MUNICIPAL AND DOMESTIC SUPPLY

MUN uses of water exist within the area of the Coalition. The communities of Lost Hills and
Blackwells Corner (in LHWD and BMWD, respectively) are provided municipal water supply by
LHUD. LHUD and BMWD import municipal water from groundwater 13 miles to the east and
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outside the Study Area. KCCSD is located just north of DRWD and provides municipal water
from groundwater extraction wells. Due to the poor mineral quality of groundwater, KCCSD is
developing a project to connect to the California Aqueduct for water supply. Aera’s Spicer City
system includes two wells located east of the Study Area and a pipeline to Belridge Oil Field,
food processing facilities, and Belridge school. Water from the Spicer City system is used for
IND and limited MUN (landscape irrigation). Industrial facilities within the Study Area obtain
drinking water from the SWP or from bottled water supplies.

Groundwater below the Study Area is of sufficiently poor mineral quality to severely impair
MUN beneficial uses. Groundwater below the Study Area exceeds MCLs (or SMCLSs) for EC,
TDS, sulfate, and in some areas for arsenic or chloride. The Tulare Lake Basin Plan has
designated benef<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>