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ENVIRONMENTAL CHECKLIST
Initial Study
1.

Project Title:
Buena Vista Water Storage District 7th Standard Pipeline Project

2.

Lead Agency Name and Address:
Buena Vista Water Storage District
525 North Main Street
P.O. Box 756
Buttonwillow, CA 93206

3.

Contact Person and Phone Number:
Tim Ashlock, General Manager
Phone: 661-324-1101

4.

Project Location:
The Project area is located within the Buena Vista Water Storage District, in the trough of
California’s southern San Joaquin Valley, 16 miles west of Bakersfield (Figure 1).

5.

Project Sponsor’s Name and Address
See information provided above, under “Lead Agency Name and Address”.

6.

Zoning Designation(s):
Agriculture

7.

Description of Project:

Project Location and Background

The District’s service area includes approximately 50,000 acres in two distinct areas –
Buttonwillow Service Area and Maples Service Area – in the lower Kern River watershed of
western Kern County (Figure 1). The Project site is approximately 30 miles west of Bakersfield
and immediately west and north of Buttonwillow, in the Buttonwillow and Lokern U.S. Geological
Survey (USGS) 7.5-minute quadrangles.
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Figure 1.

7th Standard Pipeline Project Location

Source: Buena Vista Water Storage District 2018, adapted by GEI Consultants, Inc. in 2018
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All water used in the Buena Vista Water Storage District (District) is delivered to agricultural and
environmental users, including the Tule Elk State Natural Reserve. Approximately 40,000 acres of the
District’s service area are annually farmed, the primary crops being pistachios, cotton, alfalfa, and raisin
grapes. The District receives 158,000 acre-feet per year of surface water, primarily from the State Water
Project (SWP) and the Kern River and operates a delivery system with more than 125 miles of earthen
canals. The District currently has access to five turnouts from the California Aqueduct that provide its
system with approximately 850 cubic feet per second (cfs) of gravity inflow capacity directly into the
distribution system. Surface water supply meets two-thirds of the District’s average annual crop
demands; the remaining water demands are met by pumping groundwater from privately-owned wells.

Project Description

The 7th Standard Pipeline (Project) would begin near the intersection of Milan Road and Imperial Street
and terminate 0.5 mile north of State Route 58 (Figure 2). Construction activities would include installing
approximately 12 miles of buried pipe, up to 36 inches in diameter, along a maximum construction
corridor width of 50 feet. Pipes would be installed by excavating open trenches. For pipes less than
24 inches in diameter, trenches would be 3 feet wide and 5 feet deep; for pipes greater than 24 inches in
diameter, trenches would be 5 feet wide and 6 feet deep. All construction activities would occur in
existing agricultural areas, including farm roads, fields, and other facilities. Lateral pipes 18 to 24 inches
in diameter would be installed to connect 18 turnouts to the 7th Standard Pipeline.
The Project would distribute surface water from the California Aqueduct that enters the District’s system
via SWP Turnout BV1-b and an existing 120-inch-diameter pipeline from Semitropic Water Storage
District. The Project is designed to improve overall efficiency of water and energy use within the District
by eliminating seepage from unlined canals, improving flow measurement at the turnouts, and reducing
the electrical needs of groundwater pumping.
Gated turnouts within the District would be converted to meters to better serve irrigation customers,
comply with current standards for measurement accuracy at turnouts, and implement volumetric pricing.
The Project would facilitate on-farm improvements by installing highly accurate magnetic flowmeters
at all turnouts to enable precise measurement and control of delivered water. Improved control of
deliveries will enable growers to schedule deliveries to match crop water demands, reduce the need to
apply excess water to compensate for lack of control of irrigation deliveries, and reduce resulting
tailwater.
Up to seven equipment staging areas (see Figure 2), approximately 16 acres total, would be used to store
materials during construction. Construction equipment is anticipated to include one front-end loader,
one excavator, one backhoe, two water trucks, and three pickup trucks. Access to construction sites
would be provided by existing paved and unpaved roads.
Construction is expected to begin in spring 2019 and be completed within approximately 10 months.
Work is anticipated to generally progress from north to south, although construction will also be
influenced by the irrigation schedule in the canals. Sections of the pipeline that are adjacent to canals
will be constructed at a time when the canals are not full of water, to avoid water seeping into the
construction area. Pipeline that is not adjacent to canals can be constructed when the canals are in use.
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Figure 2.

7th Standard Pipeline Project Components

Source: Buena Vista Water Storage District 2018, adapted by GEI Consultants, Inc. in 2018
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Project Benefits

The District estimates the Project would conserve 4,802 acre-feet per year (AFY) of surface water –
2,245 AFY from eliminating canal transmission losses and 2,557 AFY from improved flow measurement
and control (“water better managed” conservation). Piping canals is known to conserve surface water by
eliminating evapotranspiration from the canal water surface and from plants near the canal and
eliminating seepage of water from the canal into the material surrounding the canal.
Surface water conserved by the Project would be available to serve: 1) District water users for
agricultural use and wildlife enhancement, thus reducing the need for groundwater pumping; 2) the Tule
Elk State Natural Reserve to support wetlands and groundwater recharge; and 3) dedicated groundwater
recharge facilities such as the Palms Groundwater Recharge Project.
Conserving surface water would reduce the District’s need to augment supplies by pumping
groundwater. Groundwater pumping is estimated to be reduced by 3,779 AFY (2,245 AFY from
eliminating canal transmission losses and 60 percent of the 2,557 AFY that would be conserved from
improved measurement and control [1,534 AFY]). The estimated elimination of canal transmission
losses and improved measurement savings are estimated to reduce power consumption by approximately
803,540 kilowatt hours per year, which is equivalent to an annual financial savings of $85,700 and an
annual reduction in carbon dioxide emissions of 659 tons. Historically, the District delivered surface
water for 2 to 3 months per year. In other months, irrigation water was supplied from deep wells. The
Project would allow year-round delivery of surface water, further reducing groundwater pumping and
likely increasing the estimated benefits.
Deliveries through the pipeline system would allow growers to receive metered, on-demand delivery of
high-quality water, a water supply conducive to the use of modern on-farm application and scheduling
techniques. Water delivered from the pipeline will have enough residual pressure to eliminate the need
for on-farm booster pumps, which are currently required for areas that apply canal water through drip or
micro-sprinkler systems. Tailwater is also expected to be reduced for areas that apply water through
surface irrigation, because growers will be able to turn off deliveries at any time to avoid applying excess
water.
8. Surrounding Land Uses and Setting:
The District is and bordered by Interstate 5 to the east and the California Aqueduct to the west
approximately 16 miles west of the city of Bakersfield. Aside from the small unincorporated town of
Buttonwillow, there are no other population centers within the District. The District’s Service Area
comprises approximately 50,000 acres within the lower Kern River watershed, and can be divided into
two distinct areas, Buttonwillow and Maples service areas. The Buttonwillow Service Area comprises
approximately 46,200 acres situated northwesterly of the Buena Vista Lake Bed. The Maples Service
Area of the District comprises approximately 3,600 acres situated easterly of the Buena Vista Lake Bed.
9. Other agencies whose approval is required (e.g., permits, financing approval, or
participation agreement):
• Central Valley Regional Water Quality Control Board, Construction Activities General Permit
•

San Joaquin Valley Air Pollution Control Board, Dust Control Plan

•

US Bureau of Reclamation WaterSMART, Water and Energy Efficiency Grant
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10. Have California Native American Tribes traditionally and culturally affiliated with
the project area requested consultation pursuant to Public Resources Code Section
21080.3.1? If so, has consultation begun?
The Torres Martinez Cahuilla Indians requested to be notified of Projects that are within the District’s
jurisdiction. The Torres Martinez Cahuilla Indians were notified about the 7th Standard Project in writing
in September 2018.
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Environmental Checklist
1. Aesthetics

Issues (and Supporting Information Sources):
1.
AESTHETICS — Would the project:
a) Have a substantial adverse effect on a
scenic vista?
b) Substantially damage scenic resources,
including, but not limited to, trees, rock
outcroppings, and historic buildings within a
state scenic highway?
c) Substantially degrade the existing visual
character or quality of the site and its
surroundings?
d) Create a new source of substantial light or
glare which would adversely affect daytime
or nighttime views in the area?

Potentially
Significant
Impact

Less Than
Significant with
Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a-d) The Project area is flat comprised of dirt roads, open water canals, and various agricultural crops.
There are no significant view-sheds, scenic vistas, or scenic highways (Figure 3). The Project
would result in buried facilities that would not change the existing view, nor would it create new
sources of light. Construction would occur during daylight hours for approximately 10 months.
During construction, a small number of construction vehicles would be situated onsite which is
not substantially different from normal agricultural operations. Therefore, there would be no
change to visual resources and thus no impact on aesthetics.
Figure 3. Typical Viewshed in the Project Area
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2. Agriculture and Forestry Resources
Less Than
Potentially
Significant
Less Than
Significant
with Mitigation Significant
No
Issues (and Supporting Information Sources):
Impact
Incorporation
Impact
Impact
2.
AGRICULTURAL AND FOREST RESOURCES —
In determining whether impacts to agricultural resources are significant environmental effects, lead agencies
may refer to the California Agricultural Land Evaluation and Site Assessment Model (1997) prepared by the
California Department of Conservation as an optional model to use in assessing impacts on agriculture and
farmland. In determining whether impacts to forest resources, including timberland, are significant
environmental effects, lead agencies may refer to information compiled by the California Department of
Forestry and Fire Protection regarding the state’s inventory of forest land, including the Forest and Range
Assessment Project and the Forest Legacy Assessment project; and forest carbon measurement methodology
provided in Forest Protocols adopted by the California Air Resources Board. Would the project:
a)

b)
c)

d)
e)

Convert Prime Farmland, Unique Farmland,
or Farmland of Statewide Importance
(Farmland), as shown on the maps prepared
pursuant to the Farmland Mapping and
Monitoring Program of the California
Resources Agency, to non-agricultural use?
Conflict with existing zoning for agricultural
use, or a Williamson Act contract?
Conflict with existing zoning for, or cause
rezoning of, forest land (as defined in Public
Resources Code section 12220(g)),
timberland (as defined by Public Resources
Code section 4526), or timberland zoned
Timberland Production (as defined by
Government Code section 51104(g))?
Result in the loss of forest land or
conversion of forest land to non-forest use?
Involve other changes in the existing
environment which, due to their location or
nature, could result in conversion of
Farmland to non-agricultural use or
conversion of forest land to non-forest use?

Discussion

(a-e) The Project is located exclusively within an agricultural area that consists of entirely of active
farming, service roads, canals, and related conveyance facilities. The Project entails burying pipe
within farm roads to convert the use of the District’s unlined canals to pipeline and does not
involve removing agricultural lands out of production. There are no forest lands or timberlands
within the Project area. Therefore, there would be no impact to agriculture and forest resources.
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3. Air Quality
Potentially
Significant
Impact

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Issues (and Supporting Information Sources):
Impact
3.
AIR QUALITY —
Where available, the significance criteria established by the applicable air quality management or air pollution
control district may be relied upon to make the following determinations. Would the project:
a)
b)

c)

d)
e)

Conflict with or obstruct implementation of
the applicable air quality plan?
Violate any air quality standard or contribute
substantially to an existing or projected air
quality violation?
Result in a cumulatively considerable net
increase of any criteria pollutant for which
the project region is non-attainment under
an applicable federal or state ambient air
quality standard (including releasing
emissions which exceed quantitative
thresholds for ozone precursors)?
Expose sensitive receptors to substantial
pollutant concentrations?
Create objectionable odors affecting a
substantial number of people?

Discussion

(a-e) The Project is located within the southern San Joaquin air-shed, surrounded by agricultural fields
and dirt roads. The San Joaquin Valley air-shed is in non-compliance for state air quality
standards for ozone, 1- and 8-hour, and Particulate Matter (PM) 10 microns or less and PM 2.5
microns or less (San Joaquin Valley Air Pollution Control District [Valley Air District] 2018).
Federal and state laws require emission control measures in areas where air pollution exceeds
standards. The Valley Air District (2017) has established thresholds of significance for criteria
pollutant emissions using Project type and size. Projects that fall below the vehicle trips provided
in Table 1, have been determined to have a less than significant impact on air quality due to
criteria pollutants and are excluded from quantifying emissions for CEQA purposes.
Activities related to construction of the Project involve digging and trenching to install a pipeline
within agricultural dirt roads adjacent to fields in active production. Construction for the
proposed Project would take approximately 10 months and utilize typical construction vehicles.
Short-term air quality impacts would be associated with construction and would generally arise
from dust generation and operation of equipment. The District will spray water to keep dust to
minimal levels during construction, however, the area is actively farmed and complete dust
suppression in the Project area is unlikely.
The Project would utilize up to 10 construction vehicles to deliver employees and materials to
the Project site. If 10 vehicles traveled to and from the construction sites, making two roundtrips
per vehicle, it would total 40 vehicle trips per day. Using the Valley Air Districts established
thresholds of significance, the Project would need to make 1,673 vehicle trips per day to have a
significant impact on air quality (Table 1). Construction of the Project would have a less than a
significant impact on air quality and would not conflict with the Valley Air District’s air quality
plan.
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Table 1. Small Project Analysis Level by Vehicle Trips

Residential Housing
Commercial
Office
Institutional
Industrial

1,453 trips/day
1,673 trips/day
1,628 trips/day
1,707 trips/day
1,506 trips/day

There are no sensitive receptors (e.g., parks, schools, homes) in the Project area. The Project
involves digging and trenching to bury a pipeline; it does not involve the use of equipment or
fuels that would produce objectionable odors.
No air pollutants will be generated by the Project during the operational phase, as water will be
moved by gravity or electrical pumps.

References

San Joaquin Valley Air Pollution Control District (Valley Air District). 2018.
http://www.valleyair.org/aqinfo/attainment.htm. Accessed March 15, 2018.
San Joaquin Valley Air Pollution Control District (Valley Air District). 2017. Small Project Analysis
Level. http://www.valleyair.org/transportation/CEQA%20Rules/GAMAQI-SPAL.pdf.
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4. Biological Resources
Potentially
Significant
Issues (and Supporting Information Sources):
Impact
4.
BIOLOGICAL RESOURCES — Would the project:
a) Have a substantial adverse effect, either
directly or through habitat modifications, on
any species identified as a candidate,
sensitive, or special-status species in local
or regional plans, policies, or regulations, or
by the California Department of Fish and
Game or U.S. Fish and Wildlife Service?
b) Have a substantial adverse effect on any
riparian habitat or other sensitive natural
community identified in local or regional
plans, policies, regulations or by the
California Department of Fish and Game or
U.S. Fish and Wildlife Service?
c) Have a substantial adverse effect on
federally-protected wetlands as defined by
Section 404 of the Clean Water Act
(including, but not limited to, marsh, vernal
pool, coastal, etc.) through direct removal,
filling, hydrological interruption, or other
means?
d) Interfere substantially with the movement of
any native resident or migratory fish or
wildlife species or with established native
resident or migratory wildlife corridors, or
impede the use of native wildlife nursery
sites?
e) Conflict with any local policies or ordinances
protecting biological resources, such as a
tree preservation policy or ordinance?
f) Conflict with the provisions of an adopted
Habitat Conservation Plan, Natural
Community Conservation Plan, or other
approved local, regional, or state habitat
conservation plan?

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion
(a)

The following analysis of potential for biological resources to be impacted by the proposed
Project is based on information provided in the Biological Technical Report provided as
Appendix A. A field survey of the pipeline routes, turnout locations, and six of the potential
staging areas was conducted by GEI biologists in March 2018; surveys were conducted on the
northernmost staging area by Booher Consulting, LLC in June 2016. No native vegetation
assemblages are present on the Project site. All areas except the northernmost staging area are
actively cultivated or support associated agricultural infrastructure; furrows present on the
northernmost staging area when the 2016 surveys were conducted and aerial photographs from
the past 10 years suggest the area is regularly plowed. Cotton is the dominant row crop; pistachio
is the dominant tree crop on the Project site. Occasional ornamental trees are present near
structures. Road shoulders are compacted and generally barren; sparse, nonnative groundcover
occurs between road shoulders and field margins. Appendix A includes maps of land cover types
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that were present during the March 2018 field survey and photographs of the Project site taken
during the survey.
The California Department of Fish and Wildlife (CDFW) California Natural Diversity Database
(CNDDB) and the California Native Plant Society (CNPS) online Inventory of Rare and
Endangered Vascular Plants of California were reviewed for occurrences of special-status species
in on or near the Project site. These reviews were centered on the Buttonwillow and Lokern U.S.
Geologic Survey (USGS) 7.5-minute quadrangles and included the 10 quadrangles that surround
them. An official list of federally-threatened and endangered species that could occur on or near
the Project site was obtained from the U.S. Fish and Wildlife Service (USFWS) Information for
Planning and Conservation website. Results of the CNDDB and CNPS USGS 12-quadrangle
searches yielded occurrences of 50 plants and animals; no additional species were included on
the USFWS species list. Nineteen of the occurrences are special-status species that have been
documented within 3 miles of the Project site. However, most of those occurrences are from
grassland, saltbush scrub, and other natural shrub habitats south and west of the agricultural lands
on and surrounding the Project site.
Special-status plants. Based on review of existing documentation and evaluations made during
field surveys, habitat for special-status plants is absent from the Project site, and none of the
plants were determined to have potential to occur on or adjacent to any portion of the Project site.
Therefore, there would be no impact on special-status plants.
Special-status birds. Five special-status bird species have potential to nest and forage in the
Project vicinity: burrowing owl (Athene cunicularia), Swainson’s hawk (Buteo swainsoni),
northern harrier (Circus cyaneus), white-tailed kite (Elanus leucurus), and tricolored blackbird
(Agelaius ticolor). Project activities would temporarily disturb a very small amount of foraging
habitat; because extensive areas of similar or higher quality foraging habitat are present in the
region, this disturbance would be a minor impact. No suitable nesting habitat for tricolored
blackbird or northern harrier is currently present on or adjacent to the Project site; if grain crops
are planted or tall ruderal vegetation grows in fallow fields, these species could nest in such
habitat. Large ornamental trees at several farm residences and facilities on or near the Project site
provide marginally suitable nest sites for Swainson’s hawk and white-tailed kite (as well as
common raptor species). Kern County is at the south end of the Swainson’s hawk breeding range,
and the species occurs sparsely in this region (CDFG 2007); based on the scarcity of Swainson’s
hawks in the region and the very small number of potential nest trees, potential for this species
to nest on or near the Project site is low. Similarly, few potential nest sites for white-tailed kite
are present, and potential for kites to nest on or near the Project site is low. Potentially suitable
habitat for burrowing owl is currently limited to a small area along the northern portion of the
pipeline route where California ground squirrel activity was observed and several of the staging
areas where natural burrows could become established and debris could provide artificial
burrows. Because the Project site is subject to regular disturbance from agricultural activities,
and Project activities are anticipated to cause somewhat similar disturbance levels, potential for
Project implementation to result in nest failure or burrow abandonment is low. However, if
occupied burrows are present along the pipeline corridor or on a staging area, they could be
directly destroyed, and burrowing owls could be injured or killed. In addition, if active nests are
present in or very close to the pipeline corridor, turnout locations, or staging areas, Project
construction could result nest abandonment, reduced care of eggs or young, or premature
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fledging. Depending on the species and number of individuals that are affected, burrow
destruction or nest failure could be considered a substantial adverse effect. Therefore, this impact
would be potentially significant. Mitigation Measures BIO-1a and BIO-1b, described below,
have been identified to reduce this impact to a less-than-significant level.
Mitigation Measure BIO-1a: Conduct Focused Surveys for Burrowing Owls and Avoid
Loss of Occupied Burrows.
To minimize potential effects of Project construction on burrowing owl, the District will ensure
that the following measures are implemented, consistent with the Staff Report on Burrowing Owl
Mitigation (CDFG 2012).


A qualified biologist will assess burrowing owl habitat suitability in the area subject to
direct impact and adjacent areas within 500 feet.



If suitable habitat or sign of burrowing owl presence is observed, a take avoidance survey
will be conducted within 14 days before Project activities begin.



If any occupied burrows are observed, protective buffers will be established and
implemented. A qualified biologist will monitor the occupied burrows during Project
activities to confirm effectiveness of the buffers. The size of the buffer will depend on type
and intensity of Project disturbance, presence of visual buffers, and other variables that
could affect susceptibility of the owls to disturbance.



If it is not feasible to implement a buffer of adequate size and it is determined, in
consultation with CDFW, that passive exclusion of owls from the Project site is an
appropriate means of minimizing impacts, an exclusion and relocation plan will be
developed and implemented in coordination with CDFW. However, passive exclusion
cannot be conducted during the breeding season (February 1–August 31), unless a
qualified biologist verifies through noninvasive means that either (1) the birds have not
begun egg laying or (2) juveniles from the occupied burrows are foraging independently
and are capable of independent survival.

Timing: Before and during construction.
Responsibility: Buena Vista Water Storage District.
Mitigation Measure BIO-1b: Conduct Focused Surveys for Nesting Swainson’s Hawk,
other Special-status Birds, and Common Raptors and Implement Buffers Around Active
Nests.
To minimize potential effects of Project construction on nesting Swainson’s hawk, other
special-status birds, and common raptors, the District will ensure that the following measures
are implemented:


A qualified biologist will conduct surveys of potential Swainson’s hawk nesting trees
within 0.25 mile of the Project site. To the extent practicable, depending on timing of
Project initiation, surveys will be conducted in accordance with the Recommended Timing
and Methodology for Swainson’s Hawk Nesting Surveys in California’s Central Valley
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(Swainson’s Hawk Technical Advisory Committee 2000). At a minimum, a survey will be
conducted within 14 days before Project activities begin near suitable nest trees during the
nesting season (April–August).


A qualified biologist will conduct surveys of suitable nesting habitat that would be directly
disturbed by Project activities and suitable nesting habitat for tricolored blackbird, whitetailed kite, northern harrier, and common raptors, if present within 500 feet of Project
activities. Surveys will be conducted within 14 days before Project activities begin near
suitable nesting habitat during the nesting season (February-August).



If any active nests are observed, protective buffers will be established and implemented
until the nests are no longer active. A qualified biologist will monitor the nest during
Project activities to confirm effectiveness of the buffer. The size of the buffer will depend
on type and intensity of Project disturbance, presence of visual buffers, and other variables
that could affect susceptibility of the nest to disturbance.

Timing: Before and during construction.
Responsibility: Buena Vista Water Storage District.
Special-status Bats. Western mastiff bat (Eumops perotis californicus) is the only special-status
bat with reasonable potential to occur in the Project vicinity. This species is most likely to roost
in hills west of the Project site, though canal crossings and undisturbed buildings on and adjacent
to the site may provide suitable artificial roost sites. Because mastiff bats typically roost in small
colonies (Pierson and Rainey 1998), relatively few individuals could be affected in the unlikely
event structures on or adjacent to the Project site are used as roosting habitat. Potential
disturbance of small numbers of roosting bats would not be considered a substantial adverse
effect. If suitable roosts are available in the Project vicinity, these bats could forage over the
Project site; foraging activities of mastiff bats that may use the Project site are unlikely to be
disturbed by construction activities. Therefore, this impact would be less than significant.
San Joaquin Kit Fox. The CNDDB includes many recent occurrences of San Joaquin kit fox in
grassland and scrub in the Project vicinity. Although kit foxes occur in a variety of habitats,
including row crops, orchards, and vineyards, they prefer natural open habitats with loosetextured soils and dens typically occur in open areas with grass or scattered brush (USFWS 1998,
2010). According to habitat suitability modeling conducted over the range of San Joaquin kit fox,
large areas of high suitability are present south and west of the Project site, but no medium or
high suitability habitat is present on the Project site (Cypher et al. 2013). No potential kit fox
dens were observed during the field surveys. Based on the current habitat conditions and
observations made during the field surveys, potential for kit fox to occur on or near the Project
site is low, and kit fox dens are unlikely to be present. However, because the Project site is near
high suitability habitat, there is potential for foraging or transient individuals to occasionally pass
through the site. If a den becomes established on or adjacent to the Project site or transient
individuals are present during Project implementation, the den could be abandoned, or kit foxes
could be injured or killed if they become trapped in pipes or trenches. Disturbance of an occupied
den or injury or death of a San Joaquin kit fox would be considered a substantial adverse effect.
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Therefore, this impact would be potentially significant. Mitigation Measure BIO-2, described
below, has been identified to reduce this impact to a less-than-significant level.
Mitigation Measure BIO-2: Conduct Pre-Construction Surveys and Implement Measures
during Construction to Minimize Potential Impacts on San Joaquin Kit Fox.
To minimize potential effects of Project construction on San Joaquin kit fix, the District will
ensure that the following measures are implemented, consistent with Standardized
Recommendations for Protection of the Endangered San Joaquin Kit Fox Prior to or During
Ground Disturbance (USFWS 2011).


An Environmental Awareness Program will be presented before Project activities begin to
all Project personnel working on the Project site. The program will be conducted by a
qualified biologist with knowledge of San Joaquin kit fox. The program will address the
following: biology and habitat needs; regulatory status and protection; measures required
to reduce potential impacts during Project construction; penalties for non-compliance; and
benefits of compliance.



A qualified biologist will conduct a pre-construction San Joaquin kit fox survey of staging
areas, canal crossings, and portions of the pipeline route that are not in active agricultural
cultivation, if any. The survey will be conducted no fewer than 14 days and no more than
30 days before Project activities begin. If potential dens for San Joaquin kit fox are found,
exclusion zones will be established before Project activities begin, in accordance with the
Standardized Recommendations for Protection of the Endangered San Joaquin Kit Fox
(USFWS 2011).



To prevent entrapment of San Joaquin kit fox during construction, all excavated, steepwalled holes or trenches more than 2 feet deep will be covered with plywood or similar
materials at the end of each work day. If the trenches cannot be closed, one or more escape
ramps of no more than a 45-degree slope will be constructed of earthen-fill or created with
wooden planks. All covered or uncovered excavations will be inspected at the beginning,
middle, and end of each day. Before trenches are filled, they will be inspected for trapped
animals. If at any time a trapped or injured San Joaquin kit fox is discovered, Project
activities in the immediate vicinity will stop, and escape ramps or structures will be
installed immediately to allow the animal(s) to escape. If a San Joaquin kit fox is unable to
escape voluntarily, USFWS will be contacted immediately.



Project activities will only occur during the day (between 30 minutes before sunrise and
30 minutes after sunset).



All construction pipes, culverts, or similar structures with a diameter of 4 inches or greater
that are stored on the ground at a construction site for one or more overnight periods will
be thoroughly inspected for wildlife before the pipe is buried, capped, or otherwise used or
moved in any way. Pipes laid in trenches overnight will be capped. If an animal is
discovered inside a pipe, the pipe will not be moved, and the animal will be allowed to
leave on its own volition. If the animal could be a San Joaquin kit fox, a qualified biologist
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will be summoned to identify the species. If the animal is determined to be a San Joaquin
kit fox, all Project activities that could result in take will stop, and USFWS will be notified.


To reduce potential for predation of San Joaquin kit fox by scavengers, all food-related
trash items such as wrappers, cans, bottles, or food scraps generated during Project
activities will be disposed of in closed containers and removed daily from the Project site.
No deliberate feeding of wildlife will be allowed.



To prevent harassment or mortality of San Joaquin kit fox, no domestic pets associated
with Project personnel will be permitted on the Project site.



Hazardous materials, fuels, lubricants, and solvents that spill accidentally during Projectrelated activities will be cleaned up and removed from the Project site as soon as possible,
according to applicable federal, state, and local regulations.



The District will designate a Project representative as the contact for any employee or
contractor who finds a dead, injured, or entrapped San Joaquin kit fox. If a San Joaquin kit
fox is found dead, injured, or entrapped on the Project site, the District contact will be
notified immediately.



All sightings of San Joaquin kit fox will be reported immediately to USFWS and CDFW,
and a record of the sightings will be submitted to the CNDDB.

Timing: Before and during construction.
Responsibility: Buena Vista Water Storage District.
(b, c) The Project site does not support any riparian habitat, designated critical habitat, or other sensitive
natural community identified in local or regional plans, policies, regulations. Aquatic habitat on
the Project site is limited to irrigation canals. Because these canals are used solely for irrigation
delivery and do not connect to traditionally navigable waters, they do not qualify as potentially
jurisdictional waters of the United States and are not subject to regulation under Clean Water Act
Section 401 or 404. In addition, the canals are heavily maintained, generally lack vegetation, and
provide very poor habitat. Therefore, disturbance of very small portions of several canals during
Project construction, would be a minor impact that is considered less than significant.
(d)

The Project site is part of a much larger area dominated by agricultural lands, and it does not
support any corridors of natural habitat that facilitate wildlife movement; it also does not support
fish movement corridors or wildlife nursery sites. Terrestrial wildlife may travel along canals and
agricultural roads and through orchards and fields on the Project site, but these potential travel
routes are not migratory corridors. In addition, Project construction would disturb a very narrow
corridor, and wildlife would easily be able move through similar habitat in adjacent areas that are
undisturbed by Project activities. Therefore, the proposed Project would not interfere
substantially with the movement of any native resident or migratory fish or wildlife species or
with established native resident or migratory wildlife corridors or impede the use of native
wildlife nursery sites. This impact would be less than significant.
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(e)

The 2004 Kern County General Plan (Plan) (Kern County 2004), which is currently being
updated, includes several policies and implementation measures designed to protect and conserve
threatened and endangered species and oak trees. No oak trees are present on the Project site, and
the Project has no potential to conflict with Plan’s oak retention policy. The Plan requires
discretionary Projects to consider effects to biological resources and wildlife agency comments
during the CEQA process; this is consistent with the CEQA process being implemented by the
District for the proposed Project. Therefore, implementing the proposed Project would not
conflict with any local policies or ordinances protecting biological resources and this impact
would be less than significant.

(f)

The Project site is not within the area covered by an adopted Habitat Conservation Plan (HCP),
Natural Community Conservation Plan (NCCP), or other approved local, regional, or state habitat
conservation plan. The site is within the area anticipated to be covered by the Kern County Valley
Floor HCP. A draft of this HCP was distributed in 2006 (Garcia and Associates 2006), but the
plan was not adopted, and a revised plan has not been distributed. Because this or a revised
version of the plan would not be adopted by the participants or approved by the regulatory
agencies before the proposed Project is implemented, consistency of the proposed Project with
the Kern County Valley Floor HCP is not required to be analyzed under CEQA. Therefore, no
conflict with an adopted HCP, NCCP, or other approved conservation plan would occur, and
there would be no impact.
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5. Cultural Resources
Potentially
Significant
Issues (and Supporting Information Sources):
Impact
5.
CULTURAL RESOURCES — Would the project:
a) Cause a substantial adverse change in the
significance of a historical resource as
defined in §15064.5?
b) Cause a substantial adverse change in the
significance of an archaeological resource
pursuant to §15064.5?
c) Directly or indirectly destroy a unique
paleontological resource or site or unique
geologic feature?
d) Disturb any human remains, including those
interred outside of formal cemeteries?

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a-b, d) Inventory efforts included a records search at the Southern San Joaquin Valley Information
Center, archival research, Native American consultation conducted by the Bureau of
Reclamation, consultation with other interested parties, including historical societies, and
archaeological and built environment surveys conducted by GEI’s cultural resources specialists
in April and June 2018. A cultural resources report is provided in Appendix B.
The built environment survey identified nine historic-era resources (45 years old or older) in
the Project area: Palomas Drain, School House Canal, Angelo Ditch, 24705 7th Standard Road
(APN 100-040-01), Baker Ditch, East Side Canal (P-15-13725 [formerly P-15-16998]),
Ditch 14, Eighty Foot Canal, and 1921 Corn Camp Road (APN 100-190-01). Portions of the
School House Canal and the East Side Canal were previously evaluated for the National
Register of Historic Places (NRHP) and the California Register of Historical Resources
(CRHR) as part of the Section 106 of the National Historic Preservation Act process. It was
determined that neither met the criteria for either register. The state Historic Preservation
Officer concurred with the findings for those two canals. The other seven resources were
evaluated as individual resources, and the canals/ditches were also evaluated as part of a larger
system and an historic district, but none were recommended as eligible for inclusion in the
NRHP or the CRHR or as a contributor to a historic district. Because no historic-era built
environment resources appear to meet the criteria for the NRHP or the CRHR there are no
historical resources for the purposes of CEQA and there would be no impact.
During the archaeological survey six isolated artifacts were identified in the Project area:
five pieces of debitage and one pestle. Because they are isolates, they lack context and are not
considered cultural resources or unique archaeological resources. The Project will not result in
a significant adverse change to archaeological or historical resources and therefore no
significant impact to cultural resources are anticipated from the Project. Though very unlikely,
the possibility remains that a resource meeting CRHR significance criteria for a historical
resource may be discovered during Project-related ground-disturbing activities. If this were to
occur, then it would be a potentially significant impact. The state CEQA Guidelines require
consideration of unique archaeological resources (CCR Section 15064.5). The possibility
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remains that an archaeological resource could be inadvertently discovered during the Project
causing a potentially significant impact. Implementation of Mitigation Measure CUL-1 would
reduce the potentially significant impact on any previously undiscovered historical resources
to a less-than-significant level because the resources would be avoided and preserved in place
or assessed and treated in accordance with appropriate professional standards. Mitigation
Measure CUL-1 would also reduce the potentially significant impact on previously
undiscovered unique archaeological resources to a less-than significant level for the same
reasons as stated above.
(c.)

Paleontology is the study of life that existed in a previous geologic time. Significant
paleontological resources include individual fossils or assemblages of fossils that are unique or
unusual, or diagnostically or stratigraphically important. Significant paleontological resources
are usually found in sedimentary and metasedimentary deposits. The Project area is made up
largely of reclaimed swamp lands located in and along the ancestral channel of the lower Kern
River. Regional geologic mapping prepared by Smith (1964) indicates that the Project site is
composed of recent Holocene-age (i.e., 11,700 years Before Present to Present Day) Basin
deposits. It is therefore unlikely that Project-related construction activities will encounter and
accidentally damage or destroy unique paleontological resources from a previous geologic
time. If this were to occur, then it would be a potentially significant impact. To minimize the
potential destruction of or damage to unique paleontological resources during Project-related
earthmoving activities, the District and its construction contractor(s) will implement Mitigation
Measure CUL-2. Implementing Mitigation Measure CUL-2 would reduce the potentially
significant impact from the possible destruction of or damage to unique paleontological
resources to a less-than-significant level because in the event that significant resources were
discovered, fossil specimens would be recovered and recorded and would undergo appropriate
curation.

Mitigation Measures

CUL-1 – To avoid potential effects on undiscovered historical resources and unique archaeological
resources District and its construction contractor(s) will implement the following
measures:


If cultural resources are discovered during Project-related ground-disturbing activities, then all
construction activities that may damage the discovery will stop within 100 feet of the discovery
and the District will be immediately notified. The District will hire a qualified archaeologist to
determine if the discovery is an historical resource or unique archaeological resource per
CEQA. If necessary, the qualified archaeologist will develop a testing plan to determine if the
discovery meets significance criteria for a historical resource or unique archaeological
resource; any testing plan will not be implemented until reviewed by the District.



If the discovery is determined not to be either a historical resource or unique archaeological
resource, then construction in the area of the discovery may continue.



If the discovery is determined to meet significance criteria, then the qualified archaeologist will
develop and implement a treatment plan in consultation with the District to mitigate any
significant impacts to the discovery; preservation in place is the preferred mitigation measure.
Work in the area of the discovery will not continue until treatment is completed.
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CUL-2 – To avoid potential effects on unique paleontological resources, the District and its
construction contractor(s) will implement the following measures:
If paleontological resources are discovered during earthmoving activities, the construction
crew shall notify the District and shall immediately cease work in the vicinity of the find. The
District shall retain a qualified paleontologist to evaluate the resource and prepare a recovery
plan in accordance with Society of Vertebrate Paleontology Guidelines (Society of Vertebrate
Paleontology, 2010). The recovery plan may include, but is not limited to, a field survey,
construction monitoring, sampling and data recovery procedures, museum storage coordination
for any specimen recovered, and a report of findings. Recommendations in the recovery plan
that are determined by the District to be necessary and feasible shall be implemented before
construction activities can resume at the site where the paleontological resources were
discovered.
CUL-3 – Avoid potential effects on undiscovered burials by implementing the following measures:


In accordance with the California Health and Safety Code, if human remains are uncovered
during ground-disturbing activities, all ground-disturbing work potentially damaging
excavation in the area of the burial and a 100-foot radius shall halt and the Kern County Coroner
shall be notified immediately. The coroner is required to examine all discoveries of human
remains within 48 hours of receiving notice of a discovery on private or state lands (Health and
Safety Code Section 7050.5[b]). If the coroner determines that the remains are those of a Native
American, he or she must contact the Native American Heritage Commission (NAHC) by
phone within 24 hours of making that determination (Health and Safety Code Section 7050[c]).
The NAHC shall designate a Most Likely Descendant (MLD) for the human remains. After the
coroner’s findings have been made, an archaeologist meeting the Secretary of the Interior’s
Professional Standards for Archaeologists, and the NAHC-designated MLD, shall make
recommendations to the landowner regarding the ultimate treatment and disposition of the
remains (PRC 5097.98). The responsibilities of Kern County for acting upon notification of a
discovery of Native American human remains are identified in PRC Section 5097.9.



Native American human remains, associated grave goods, and items associated with Native
American human remains that are subject to California PRC Section 5097.98 will not be
subjected to scientific analysis, handling, testing, or field or laboratory analysis without written
consent from the MLD, if one is identified. If human remains are present, treatment shall
conform to the requirements of state law under California Health and Safety Code
Section 7050.5 and PRC Section 5097.87, unless the discovery occurs on federal land. The
District agrees to comply with other related state laws, including PRC 5097.9.
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6. Geology, Soils, and Seismicity
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
6.
GEOLOGY, SOILS, AND SEISMICITY — Would the project:
a) Expose people or structures to potential
substantial adverse effects, including the
risk of loss, injury, or death involving:
i. Rupture of a known earthquake fault,
as delineated on the most recent
Alquist-Priolo Earthquake Fault Zoning
Map issued by the state Geologist for
the area or based on other substantial
evidence of a known fault? (Refer to
Division of Mines and Geology Special
Publication 42.)
ii. Strong seismic ground shaking?
iii. Seismic-related ground failure, including
liquefaction?
iv. Landslides?
b) Result in substantial soil erosion or the loss
of topsoil?
c) Be located on a geologic unit or soil that is
unstable, or that would become unstable
as a result of the project, and potentially
result in on- or off-site landslide, lateral
spreading, subsidence, liquefaction, or
collapse?
d) Be located on expansive soil, as defined in
Table 18-1-B of the Uniform Building Code
(1994), creating substantial risks to life or
property?
e) Have soils incapable of adequately
supporting the use of septic tanks or
alternative wastewater disposal
systems where sewers are not
available for the disposal of
wastewater?

Less Than
Significant
Impact

No
Impact

Discussion

(a, i-iii) There are no Alquist-Priolo Earthquake Fault Zones or other known faults, and no seismicallyinduced liquefaction hazard zones mapped within the Project site (Jennings and Bryant 2010,
California Geological Survey 2018). The nearest known active fault is the Buena Vista Fault
approximately 15 miles south of the Project site near Taft (Jennings and Bryant 2010). The
proposed pipelines would be buried, and no above-ground structures are proposed. If a seismic
event should cause a pipeline break, the water would be released underground in a low-gradient
agricultural area, posing minimal risk to people or structures. Therefore, this impact would be
less than significant. As the purpose of the Project facilities is to deliver water to irrigate crops;
the lands surrounding the Project area will remain in active agriculture less than significant
impacts are anticipated.
(a, iv) The Project site is located in a topographically flat area and thus there would be no hazard from
landslides. No impact would occur.
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(b, c, d) Soils in the Project area are comprised primarily of Buttonwillow and Lokern clays which are
poorly drained and have slow permeability (USDA 2017). The pipeline would be buried within
these soils types which are not expansive or unstable and do not create a risk to life or property.
Because construction activities would disturb an area larger than 1 acre, the District is required
by law to obtain coverage under the state Water Resources Control Board’s National Pollutant
Discharge Elimination System (NPDES) stormwater permit for general construction activity
(Order 2009-0009-DWQ as amended by Order 2012-006-DWQ), including preparation and
submittal of a Notice of Intent (NOI) to discharge with the Central Valley Regional Water Quality
Control Board (CVRWQCB). The District is required to prepare a Stormwater Pollution
Prevention Plan (SWPPP) and comply with the conditions of the NPDES general stormwater
permit for construction activity. The SWPPP must describe the construction activities to be
conducted, Best Management Practices (BMPs) that would be implemented to prevent soil
erosion and contaminated stormwater discharges into waterways, and inspection and monitoring
activities that would be conducted.
With the implementation of the Dust Control Plan (see Section E), loss of topsoil would be
minimized during construction. Operation of the Project would not increase topsoil loss or create
a potential for soil erosion as the area is in constant agricultural production and topographically
flat.
(e)

The Project does not include the use of septic tanks or alternative wastewater disposal systems;
temporary portable restrooms would be provided for construction workers. Therefore, no impact
would occur.
Therefore, implementation of the Project would have less than significant or no impact to geology
and soils.
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7. Greenhouse Gas Emissions
Potentially
Significant
Issues (and Supporting Information Sources):
Impact
7.
GREENHOUSE GAS EMISSIONS — Would the project:
a) Generate greenhouse gas emissions, either
directly or indirectly, that may have a
significant impact on the environment?
b) Conflict with an applicable plan, policy or
regulation adopted for the purpose of
reducing the emissions of greenhouse
gases?

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a-b) The three largest contributors to global greenhouse gas (GHG) emissions are electricity,
transportation, and industry (Environmental Protection Agency 2018). The Valley Air District
has adopted the Guidance for Valley Land-use Agencies in Addressing GHG Emission Impacts
for New Projects under CEQA (2009). Projects complying with an approved GHG emission
reduction plan or mitigation program would be determined to have a less than significant impact
to atmospheric greenhouse gas levels (Valley Air District 2009). California has more than
10 Executive Orders directing state agencies to implement programs to reduce GHG emissions
to meet 2030 target of 40 percent below 1990 levels (state of California, 2018). The California
Air Resources Board (ARB) is the primary state agency responsible implementing GHG
reduction programs. Such programs include the Advanced Clean Cars program. One of the
components of the ACC program is the Low-Emission Vehicle regulations that reduce criteria
pollutants and GHG emissions from light- and medium-duty vehicles. The Program set
requirements for model years 2015 through 2025 to reduce criteria pollutants and GHG emissions
(California ARB 2017).
Construction vehicles for the Project would consist of a front wheel loader, excavator, two water
trucks, backhoe, and three pickup trucks. The District’s pickup trucks would be considered
medium-duty and purchased after 2015, and the remaining construction vehicles are exempt from
regulations as they are off-road diesel vehicles used exclusively for agriculture (California ARB
2016).
During the operation phase, the pipeline would rely on gravity generated by the elevation of the
California Aqueduct above the Buttonwillow Service Area during off-peak delivery periods.
During peak demand, the District would operate existing electric pumps to move the water to the
places of use. Therefore, Project operations will not result in a discharge of GHG emissions.
The District is in compliance with regulations that target the reduction of GHG emissions and
regulations adopted by a public agency with jurisdiction. Therefore, GHGs emitted during
construction and operation of the Project would be less than significant.
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8. Hazards and Hazardous Materials
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
8.
Hazards and Hazardous Materials — Would the project:
a) Create a significant hazard to the public or
the environment through the routine
transport, use, or disposal of hazardous
materials?
b) Create a significant hazard to the public or
the environment through reasonably
foreseeable upset and accident conditions
involving the release of hazardous materials
into the environment?
c) Emit hazardous emissions or handle
hazardous or acutely hazardous materials,
substances, or waste within one-quarter mile
of an existing or proposed school?
d) Be located on a site which is included on a
list of hazardous materials sites compiled
pursuant to Government Code Section
65962.5 and, as a result, would it create a
significant hazard to the public or the
environment?
e) For a project located within an airport land
use plan or, where such a plan has not been
adopted, within two miles of a public airport
or public use airport, would the project result
in a safety hazard for people residing or
working in the project area?
f) For a project within the vicinity of a private
airstrip, would the project result in a safety
hazard for people residing or working in the
project area?
g) Impair implementation of or physically
interfere with an adopted emergency
response plan or emergency evacuation
plan?
h) Expose people or structures to a significant
risk of loss, injury or death involving wildland
fires, including where wildlands are adjacent
to urbanized areas or where residences are
intermixed with wildlands?

Less Than
Significant
Impact

No
Impact

Discussion

(a-h) The pipeline would be installed adjacent to active agriculture, farm roads, and canals. The Project
is located away from population centers; involves no hazardous materials; and would rely on
electric power rather than liquid fuels. The Project area is far removed from transportation
corridors and the pipeline would be buried. The Project would not expose people to increased
risks from wildland fire as the Project area is comprised entirely of farmland. There are no
airports within the vicinity of the Project area. The Project would not affect emergency response
plans as facilities would not interfere with traffic routes or response vehicle transport.
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Sites which are included on a list of hazardous materials sites compiled pursuant to Government
Code Section 65962.5, Cortese list (2018) are not found within the District.
Therefore, no hazardous materials would be utilized in construction or operation of Project.
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9. Hydrology and Water Quality
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
9.
HYDROLOGY AND WATER QUALITY — Would the project:
a) Violate any water quality standards or waste
discharge requirements?
b) Substantially deplete groundwater supplies
or interfere substantially with groundwater
recharge such that there would be a net
deficit in aquifer volume or a lowering of the
local groundwater table level (e.g., the
production rate of pre-existing nearby wells
would drop to a level which would not
support existing land uses or planned uses
for which permits have been granted)?
c) Substantially alter the existing drainage
pattern of a site or area through the
alteration of the course of a stream or river,
or by other means, in a manner that would
result in substantial erosion or siltation onor off-site?
d) Substantially alter the existing drainage
pattern of a site or area through the
alteration of the course of a stream or river,
or by other means, substantially increase
the rate or amount of surface runoff in a
manner that would result in flooding on- or
off-site?
e) Create or contribute runoff water which
would exceed the capacity of existing or
planned stormwater drainage systems or
provide substantial additional sources of
polluted runoff?
f) Otherwise substantially degrade water
quality?
g) Place housing within a 100-year flood
hazard area as mapped on a federal Flood
Hazard Boundary or Flood Insurance Rate
Map or other flood hazard delineation map?
h) Place structures within a 100-year flood
hazard area that would impede or redirect
flood flows?
i) Expose people or structures to a significant
risk of loss, injury or death involving
flooding, including flooding as a result of the
failure of a levee or dam?
j) Expose people or structures to a significant
risk of loss, injury or death involving
inundation by seiche, tsunami, or mudflow?

Less Than
Significant
Impact

No
Impact

Discussion
(a)

The Project would not violate water quality standards.

(b)

A groundwater study (Appendix C) was conducted to assess the impacts from implementation
of the Project.
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The Project area lies in the middle of the District located between the Buttonwillow and
Semitropic ridges to the east, and the coast range to the west. The Buttonwillow and Semitropic
ridges are subtle, but distinct topographic features. The Project area is underlain by the Tulare
Formation. Sandy material is found from about 200 to 400 feet below ground surface (bgs) and
is used by most wells in the region for water supply.
The Tulare Formation within the District is typically broken up by three distinct clay layers
dubbed the A-, C-, and E-clay layers, which are described below.
•

The A-clay is the uppermost of the clay layers, occurs 20 to 30 feet bgs, and is the cause of
shallow, perched groundwater levels identified in piezometers throughout the northern part of
the District.

•

The C-clay is about 30 feet thick, occurs at a depth of about 200 feet bgs, and may be laterally
discontinuous and is assumed to provide semi-confining conditions.

•

The E-clay occurs at a depth of about 400 feet bgs and is known regionally to be a vertical
barrier to groundwater flow.
These three clay layers create the three groundwater aquifers found throughout the District: The
Perched Aquifer above the A-clay, the shallow aquifer between the A- and C-clays, and the deep
aquifer between the C- and E-clays. Permeable sediments are present below the E-clay, but the
water quality is poor and is not used for water supply in this area. Most wells are constructed in
the deep aquifer above the E-clay.
The Perched Aquifer is found within the northern portion of the District and only covers a small
portion of the Project area to the northwest. As little to none of the Project lies within this area,
the Perched Aquifer is not discussed further.
The C-clay is only a semi-confining layer so, for the purposes of water accounting and this
Project, the shallow and deep aquifers are combined and referred to as the Main Aquifer. Effects
of the Project are assessed in their impacts to water level and salt concentration of the Main
Aquifer.
Seepage Changes
Estimates for the effects of seepage loss on groundwater balance was determined by
1) calculating the maximum volume of (water and salt) seepage caused by the Project and
2) comparing the seepage lost due to the Project with the total storage of the aquifer.
In practice, other components of the water balance would also change and partially offset the
reduced seepage. These components are listed below, with the net effect that the Project will have
on each.
Groundwater pumping will be reduced due to


lower water requirements by agricultural users from use of piped system eliminating seepage
and increasing the ability to control the amount of applied water.
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increased reliability of surface water supplies through the piped system throughout the
growing season



Subsurface inflow from neighboring areas will be increased if water levels in the Project area
are lowered



Subsurface outflow to neighboring areas will be reduced if water levels in the Project area
are lowered



Vertical leakance through the E-Clay will be reduced if water levels in the Project area are
lowered



Other District projects will increase the subsurface inflow due to increased recharge south of
the Project area



During wet years when excess surface water supplies are available the District can use the
unlined canals to increase recharge

The water level declines described below provide a simplified approach that does not consider
these mitigating factors, and therefore provides a worst-case scenario of the Project’s effects on
groundwater resources.
The District documents the volume of water conserved by the Project in their WaterSMART
grant application (BVWSD 2016) in two categories: 2,245 AFY through (canal) seepage
reduction and 2,557 AFY by improved measurement and control, totaling 4,802 AFY of annual
savings. The improved measurement and control is also a form of reduced seepage on the
agricultural fields (i.e., less deep percolation of applied water).
However, measurement and control improvements will also lead to an increased efficiency in
water consumption and application throughout the District. This increase in efficiency is expected
to reduce the amount of groundwater pumping to supplement water supplied by the District.
Reductions in groundwater pumping are conservatively estimated at 60 percent of the 2,557 AFY
conserved through improved measurement and control, resulting in a pumping reduction of
1,534 AFY.
Additionally, excess water from wet years will be applied to portions of the abandoned canals to
enhance infiltration. Water applied across 2.5 miles of the Eighty Foot Canal during wet years is
expected to generate 6811 AFY of infiltration. Water may be applied to additional lengths of the
abandoned canals, up to 2,245 AFY, as deemed necessary by the District to increase groundwater
recharge.
To understand the magnitude of the Project’s effect on groundwater resources, the total annual
savings are assumed to be a reduction in the annual groundwater balance (-4,802 AFY); while
reductions in groundwater pumping (+1,534 AFY) and the use of abandoned canals for
groundwater recharge in wet years (+681 AFY) are assumed to be increases in the annual
groundwater balance. Considering both the reductions and increases on the groundwater balance,
the total net effect of the Project is a reduction in the annual groundwater balance of -2,587 AFY.
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This reduction is compared to the total volume of groundwater in storage in the Project area along
with determination of the annual effect on water levels that would be realized if groundwater
storage were reduced by that amount annually.
Aquifer storage was calculated by multiplying the Project area with the saturated thickness of the
Main Aquifer. This calculated volume was then multiplied by a storage coefficient to account for
the portion of the aquifer material that will yield water, estimated at 15 percent.
The thickness of the Main Aquifer was calculated as the difference between the saturated water
surface and the Corcoran Clay (E-Clay). The depth of the Corcoran Clay was estimated from
contours provided by the USGS and the depth to water was estimated based on an average of
spring 2017 water level measurements from DMW06 and DMW07. Table 4 in Appendix C
shows the calculation of maximum annual storage volume and water level reduction.
With a total storage of about 683,000 acre-feet (AF) for the Main Aquifer, the 2,587 AF reduction
in the groundwater balance accounts for less than half a percent of the total aquifer storage per
year. Projecting this volume reduction over the entire Project area, there is an expected loss of
1.4 feet per year. The District may mitigate declining groundwater levels, if observed significant,
by increasing groundwater recharge through the Palms Groundwater Banking Project (Palms
Project) and infiltration using the abandoned canals up to the entire 2,245 AFY eliminated by
this Project. These mitigation measures shall be triggered based on continued monitoring of
groundwater levels and groundwater quality through both the California Statewide Elevation
Monitoring (CASGEM) and the Irrigated Lands programs.
Groundwater levels are currently monitored at select piezometers and District monitoring wells
within the Project area through the District’s groundwater monitoring program. DMW06 and
DMW07 (Figure 10 in Appendix C), which are also part of the CASGEM monitoring network,
will be the principal wells used to provide information on groundwater levels and trends within
the Project area. Continued monitoring of these wells will inform the District on changes in
groundwater levels and trigger mitigation measures if significant declines in groundwater levels
are observed.
Declining groundwater levels may also result in a reduction in groundwater quality. While this
is not expected based on results of the NAP project, water quality will be monitored to ensure
significant degradation in water quality does not occur. Water quality monitoring within the
Project area is currently conducted through the District’s groundwater monitoring program and
through the participation of the Buena Vista Coalition in the Irrigated Lands Regulatory Program
(ILRP). Under the ILRP, the Coalition recently submitted a Groundwater Quality Trend
Monitoring Work Plan which includes a monitoring network and monitoring schedules and
protocols that will be used to monitor water quality in the Project area.
The maximum annual water level decline of 1.4 feet per year as a result of the Project is
considered a less than significant effect. Monitoring through CASGEM and the ILRP will inform
the District if significant changes in groundwater levels or quality occur and trigger additional
recharge through the abandoned canal system or the Palms Project.
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(c-d) The Project would not alter a stream or river as understood in California Fish and Game Code
Section 1600.
(e)

By installing the pipeline underground and removing impervious surfaces (i.e., canal), the Project
would not create runoff or add sources of polluted runoff.

(g-h) The pipelines would be installed within an area mapped by FEMA as “minimal flood hazard”
(Zone X) (FEMA 2018). However, the buried pipeline would not expose people or structures to
a risk of loss.
(i-j) The buried pipeline would not increase flooding and inundation. In fact, the Project would help
alleviate any risk of flooding by removing surface water.
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10. Land Use and Land Use Planning
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
10. LAND USE AND LAND USE PLANNING — Would the project:
a) Physically divide an established community?
b) Conflict with any applicable land use plan,
policy, or regulation of an agency with
jurisdiction over the project (including, but
not limited to the general plan, specific plan,
local coastal program, or zoning ordinance)
adopted for the purpose of avoiding or
mitigating an environmental effect?
c) Conflict with any applicable habitat
conservation plan or natural community
conservation plan?

Less Than
Significant
Impact

No
Impact

Discussion

(a-c) The pipeline would be buried within existing farm roads and in an area zoned for agriculture to
serve existing farmland. The Project is located outside of existing communities and is consistent
with existing zoning. There are no adopted Habitat Conservation Plans, Natural Community
Conservation Plans, or other approved local, regional, or state habitat conservation plans covering
the Project area.
Therefore, there would be no conflict with conservation plans or land use plans, as zoning would
not change.
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11. Mineral Resources
Potentially
Significant
Issues (and Supporting Information Sources):
Impact
11. MINERAL RESOURCES — Would the project:
a) Result in the loss of availability of a known
mineral resource that would be of value to
the region and the residents of the state?
b) Result in the loss of availability of a locally
important mineral resource recovery site
delineated on a local general plan, specific
plan or other land use plan?

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a)-(b) The Project is located in an active agricultural area and not in the vicinity of known mineral
resources.
Therefore, there will be no impact to mineral resources.
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12. Noise

Issues (and Supporting Information Sources):
12. NOISE — Would the project:
a) Result in Exposure of persons to, or
generation of, noise levels in excess of
standards established in the local general
plan or noise ordinance, or applicable
standards of other agencies?
b) Result in Exposure of persons to, or
generation of, excessive groundborne
vibration or groundborne noise levels?
c) Result in A substantial permanent increase
in ambient noise levels in the project vicinity
above levels existing without the project?
d) Result in A substantial temporary or periodic
increase in ambient noise levels in the
project vicinity above levels existing without
the project?
e) For a project located within an airport land
use plan area, or, where such a plan has not
been adopted, in an area within two miles of
a public airport or public use airport, would
the project expose people residing or
working in the area to excessive noise
levels?
f) For a project located in the vicinity of a
private airstrip, would the project expose
people residing or working in the project
area to excessive noise levels?

Potentially
Significant
Impact

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a)-(f) The Project is located in an agricultural land use area with no known sensitive receptors.
Construction would occur during the day; the Project is located in a remote area, without a
population center or residences. The Project related to routine agricultural activities, and not
located near any sensitive receptors. Construction noise would be limited to daylight hours and
be temporary, lasting approximately 10 months. The Project is not located within the vicinity
of an active or private airstrip.
Therefore, during the Project construction phase, noise impacts would be less than significant.
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13. Population and Housing
Potentially
Significant
Issues (and Supporting Information Sources):
Impact
13. POPULATION AND HOUSING — Would the project:
a) Induce substantial population growth in an
area, either directly (for example, by
proposing new homes and businesses) or
indirectly (for example, through extension of
roads or other infrastructure)?
b) Displace substantial numbers of existing
housing units, necessitating the construction
of replacement housing elsewhere?
c) Displace substantial numbers of people,
necessitating the construction of
replacement housing elsewhere?

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion
(a-c)

The Project will result in no new housing. In addition, the Project will result in no new longterm employment. The construction of the Project would be less than 1 year, and the operations
will require no additional employees to operate. The expected increase in water due to the
reduction of inefficiencies in water delivery would not be allocated for urban growth.
Therefore, there would be no impact to population and housing.
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14. Public Services

Issues (and Supporting Information Sources):
14. PUBLIC SERVICE — Would the project:
a) Result in substantial adverse physical
impacts associated with the provision of, or
the need for, new or physically altered
governmental facilities, the construction of
which could cause significant environmental
impacts, in order to maintain acceptable
service ratios, response times, or other
performance objectives for any of the
following public services:
i.
Fire protection?
ii.
Police protection?
iii.
Schools?
iv.
Parks?
v.
Other public facilities?

Potentially
Significant
Impact

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion
(a)

The Project is located in an undeveloped area. The characteristics of the facilities pose no
increase in fire risk. In addition, the construction phase will be relatively short with no
construction activities occurring at night. The operation phase will require no additional
employees to maintain and operate.
Therefore, the Project will demand no additional public services.
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15. Recreation

Issues (and Supporting Information Sources):
15. RECREATION — Would the project:
a) Increase the use of existing neighborhood
and regional parks or other recreational
facilities such that substantial physical
deterioration of the facilities would occur or
be accelerated?
b) Include recreational facilities or require the
construction or expansion of recreational
facilities that might have an adverse physical
effect on the environment?

Potentially
Significant
Impact

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Impact

Discussion

(a-b) No recreational facilities exist in the Project area.
Therefore, the Project will not increase the use of recreational facilities or require the expansion
of recreational facilities.
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16. Transportation and Traffic
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
16. TRANSPORTATION AND TRAFFIC — Would the project:
a) Conflict with an applicable plan, ordinance
or policy establishing measures of
effectiveness for the performance of the
circulation system, taking into account all
modes of transportation including mass
transit and non-motorized travel and
relevant components of the circulation
system, including but not limited to
intersections, streets, highways and
freeways, pedestrian and bicycle paths, and
mass transit?
b) Conflict with an applicable congestion
management program, including, but not
limited to, level of service standards and
travel demand measures, or other standards
established by the county congestion
management agency for designated roads
or highways?
c) Result in a change in air traffic patterns,
including either an increase in traffic levels
or a change in location, that results in
substantial safety risks?
d) Substantially increase hazards due to a
design feature (e.g., sharp curves or
dangerous intersections) or incompatible
uses (e.g., farm equipment)?
e) Result in inadequate emergency access?
f) Conflict with adopted policies, plans, or
programs regarding public transit, bicycle, or
pedestrian facilities, or otherwise decrease
the performance or safety of such facilities?

Less Than
Significant
Impact

No
Impact

Discussion
(a-f)

The Project occurs in a rural area with lightly travelled roads. The Project will result in no
additional employees or transit routes. Construction traffic will utilize existing public roads to
deliver equipment, supplies, and workers to the construction sites. Since the pipeline
construction would primarily move along a linear corridor; no one place will experience a
change in traffic for extended period. Construction of the Project will employ only a few
individuals at a time. The pipeline Project consists of buried facilities and would not increase
hazards during operation.
Therefore, there would be no impact to traffic, transportation reliability, or access.
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17. Tribal Cultural Resources
Potentially
Significant
Impact

Less Than
Significant
with Mitigation
Incorporation

Less Than
Significant
Impact

No
Issues (and Supporting Information Sources):
Impact
17. TRIBAL CULTURAL RESOURCES.
Would the project cause a substantial adverse change in the significance of a tribal cultural resource, defined
in Public Resources Code section 21074 as either a site, feature, place, cultural landscape that is
geographically defined in terms of the size and scope of the landscape, sacred place, or object with cultural
value to a California Native American tribe, and that is:
a) Listed or eligible for listing in the California
Register of Historical Resources, or in a local
register of historical resources as defined in Public
Resources Code section 5020.1(k), or
b) A resource determined by the lead agency, in its
discretion and supported by substantial evidence,
to be significant pursuant to criteria set forth in
subdivision (c) of Public Resources Code Section
5024.1. In applying the criteria set forth in
subdivision (c) of Public Resources Code Section
5024.1, the lead agency shall consider the
significance of the resource to a California Native
American tribe.

Discussion
(a, b)

As part of cultural resources identification efforts, the NAHC was contacted on August 10,
2018. A request was made of the NAHC to conduct a search of their Sacred Lands File as well
as to provide a list of Native American representatives who might have knowledge of cultural
resources within the Project area. The NAHC responded on August 17, 2018 that a search of
their Sacred Lands File had failed to indicate the presence of Native American sacred sites in
the Project area.
There are no known Indian Sacred Sites in the Project area. Since no known Indian Sacred
Sites have been within the Project area, there would be no direct, indirect, or cumulative
impacts to Indian Sacred Sites from the proposed Project. The proposed Project would not have
the potential to affect or prohibit access to any ceremonial use of Indian Sacred Sites. No further
analysis is warranted.
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17. Utilities and Service Systems
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
17. UTILITIES AND SERVICE SYSTEMS — Would the project:
a) Conflict with wastewater treatment
requirements of the applicable Regional
Water Quality Control Board?
b) Require or result in the construction of new
water or wastewater treatment facilities or
expansion of existing facilities, the
construction of which could cause significant
environmental effects?
c) Require or result in the construction of new
storm water drainage facilities, or expansion
of existing facilities, the construction of
which could cause significant environmental
effects?
d) Have sufficient water supplies available to
serve the project from existing entitlements
and resources, or are new or expanded
entitlements needed?
e) Result in a determination by the wastewater
treatment provider that would serve the
project that it has adequate capacity to
serve the project’s projected demand in
addition to the provider’s existing
commitments?
f) Be served by a landfill with sufficient
permitted capacity to accommodate the
project’s solid waste disposal needs?
g) Comply with federal, state, and local
statutes and regulations related to solid
waste?

Less Than
Significant
Impact

No
Impact

Discussion
(a-g)

No wastewater treatment facilities occur in the Project area. Stormwater and agricultural runoff
(tailwater) currently collects within certain existing ditches and canals. The Project will result
in reduced tailwater discharge to ditches and canals as a result of more efficient on farm water
use. Therefore, the Project will result in no new wastewater facilities or wastewater flow.
Minimal waste will be generated during construction and no increase in waste production will
occur during the operation of the Project.
Therefore, the Project will not place constraints on the local utilities and services that would
create adverse impacts and there would be no impact to utilities and public services in the area.
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18. Mandatory Findings of Significance
Less Than
Potentially
Significant
Significant
with Mitigation
Issues (and Supporting Information Sources):
Impact
Incorporation
18. MANDATORY FINDINGS OF SIGNIFICANCE — Would the project:
a) Have the potential to degrade the quality of
the environment, substantially reduce the
habitat of a fish or wildlife species, cause a
fish or wildlife population to drop below selfsustaining levels, threaten to eliminate a
plant or animal community, reduce the
number or restrict the range of a rare or
endangered plant or animal, or eliminate
important examples of the major periods of
California history or prehistory?
b) Have impacts that are individually limited,
but cumulatively considerable?
(“Cumulatively considerable” means that the
incremental effects of a project are
considerable when viewed in connection
with the effects of past projects, the effects
of other current projects, and the effects of
probable future projects)?
c) Have environmental effects that would
cause substantial adverse effects on human
beings, either directly or indirectly?

Less Than
Significant
Impact

No
Impact

Discussion
a)

Impacts to habitats, plants, and animals will be less than significant as the Project is being
constructed in active agricultural land. No significant historical or prehistorical resources have
been found in the Project area.

b)

Consideration of cumulative effects for this Project include the reduction in precipitation due to
climate change. Based on the climate change analysis in the Agricultural Water Management
Plan a 15 percent reduction in precipitation is predicted for all years. The effect of reduced
precipitation due to climate change would be less than 0.1 feet as shown in Table 5 in Appendix
C. Therefore, the cumulative Project effect on water levels and the associated water quality (salt
balance) is less than significant.
The Palms Groundwater Banking Project is a past and current project in the Project area. The
Palms Project entails recharging groundwater supplies with surface supplies during wet years,
when there is excess water available. The Palms Project will increase the subsurface inflow due
to increased recharge south of the Project area. The District may mitigate declining groundwater
levels, if observed significant, by increasing groundwater recharge through the Palms Project.
Therefore, the cumulative impact of this Project with the Palms Project is less than significant.

c)

There will be no detrimental impact to humans, either directly or indirectly.
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1.

Introduction

This biological technical report addresses sensitive biological resources that could be affected by
implementing the Buena Vista Water Storage District (District) 7th Standard Pipeline Project (project).
Potential for special-status species to occur on the project site and be affected by construction is
evaluated. In addition, measures are recommended to avoid or minimize potential for impacts on
special-status species during construction activities.

1.1

Project Location and Background

The District’s service area includes approximately 50,000 acres in two distinct areas – Buttonwillow
Service Area and Maples Service Area – in the lower Kern River watershed of western Kern County
(Figure 1). The project site is approximately 30 miles west of Bakersfield and immediately west and
north of Buttonwillow, in the Buttonwillow and Lokern U.S. Geological Survey (USGS) 7.5-minute
quadrangles.
All water used in the District is delivered to agricultural and environmental users, including the Tule Elk
State Natural Reserve. Approximately 40,000 acres of the District’s service area are annually farmed,
the primary crops being pistachios, cotton, alfalfa, and grains. The District receives 158,000 acre-feet
per year of surface water, primarily from the State Water Project (SWP) and the Kern River and operates
a delivery system with more than 125 miles of earthen canals. The District currently has access to five
turnouts from the California Aqueduct that provide its system with approximately 850 cubic feet per
second (cfs) of gravity inflow capacity directly into the distribution system. Surface water supply meets
two-thirds of the District’s average annual crop demands; the remaining water demands are met by
pumping groundwater from privately-owned wells.

1.2

Project Description

The 7th Standard Pipeline would begin near the intersection of Milan Road and Imperial Street and
terminate 0.5 mile north of State Route 58 (Figure 2). Construction activities would include installing
approximately 12 miles of buried pipe, up to 36 inches in diameter, along a maximum construction
corridor width of 50 feet. Pipes would be installed by excavating open trenches. For pipes less than 24
inches in diameter, trenches would be 3 feet wide and 5 feet deep; for pipes greater than 24 inches in
diameter, trenches would be 5 feet wide and 6 feet deep. All construction activities would occur in
existing agricultural areas, including farm roads, fields, and other facilities. Lateral pipes 18 to 24 inches
in diameter would be installed to connect 18 turnouts to the 7th Standard Pipeline.
The project would distribute surface water from the California Aqueduct that enters the District’s system
via SWP Turnout BV1-b and an existing 120-inch-diameter pipeline from Semitropic Water Storage
District. The project is designed to improve overall efficiency of water and energy use within the
District by eliminating seepage from unlined canals, improving flow measurement at the turnouts, and
reducing the electrical needs of groundwater pumping.
Gated turnouts within the District would be converted to meters to better serve irrigation customers,
comply with current standards for measurement accuracy at turnouts, and implement volumetric pricing.
The project would facilitate on-farm improvements by installing highly accurate magnetic flowmeters at
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Figure 1.

7th Standard Pipeline Project Location

Source: Buena Vista Water Storage District 2018, adapted by GEI Consultants, Inc. in 2018
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Figure 2.

7th Standard Pipeline Project Components

Source: Buena Vista Water Storage District 2018, adapted by GEI Consultants, Inc. in 2018
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all turnouts to enable precise measurement and control of delivered water. Improved control of
deliveries will enable growers to schedule deliveries to match crop water demands, reduce the need to
apply excess water to compensate for lack of control of irrigation deliveries, and reduce resulting
tailwater.
Up to seven equipment staging areas (see Figure 2), approximately 16 acres total, would be used to
store materials during construction. Construction equipment is anticipated to include one front-end
loader, one excavator, one backhoe, two water trucks, and three pickup trucks. Access to construction
sites would be provided by existing paved and unpaved roads.
Construction is expected to begin in spring 2019 and be completed within approximately 10 months.
Work is anticipated to generally progress from north to south, although construction will also be
influenced by the irrigation schedule in the canals. Sections of the pipeline that are adjacent to canals
will be constructed at a time when the canals are not full of water, to avoid water seeping into the
construction area. Pipeline that is not adjacent to canals can be constructed when the canals are in use.

1.3

Project Benefits

The District estimates the project would conserve 4,802 acre-feet per year (AFY) of surface water –
2,245 AFY from eliminating canal transmission losses and 2,557 AFY from improved flow
measurement and control (“water better managed” conservation). Piping canals is known to conserve
surface water by eliminating evapotranspiration from the canal water surface and from plants near the
canal and eliminating seepage of water from the canal into the material surrounding the canal.
Surface water conserved by the project would be available to serve: 1) District water users for
agricultural use and wildlife enhancement, thus reducing the need for groundwater pumping; 2) the Tule
Elk State Natural Reserve to support wetlands and groundwater recharge; and 3) dedicated groundwater
recharge facilities such as the Palms Groundwater Recharge Project.
Conserving surface water would reduce the District’s need to augment supplies by pumping
groundwater. Groundwater pumping is estimated to be reduced by 3,779 AFY (2,245 AFY from
eliminating canal transmission losses and 60 percent of the 2,557 AFY that would be conserved from
improved measurement and control [1,534 AFY]). The estimated elimination of canal transmission
losses and improved measurement savings are estimated to reduce power consumption by approximately
803,540 kilowatt hours per year, which is equivalent to an annual financial savings of $85,700 and an
annual reduction in carbon dioxide emissions of 659 tons. Historically, the District delivered surface
water for 2 to 3 months per year. In other months, irrigation water was supplied from deep wells. The
project would allow year-round delivery of surface water, further reducing groundwater pumping and
likely increasing the estimated benefits.
Deliveries through the pipeline system would allow growers to receive metered, on-demand delivery of
high-quality water, a water supply conducive to the use of modern on-farm application and scheduling
techniques. Water delivered from the pipeline will have enough residual pressure to eliminate the need
for on-farm booster pumps, which are currently required for areas that apply canal water through drip or
micro-sprinkler systems. Tailwater is also expected to be reduced for areas that apply water through
surface irrigation, because growers will be able to turn off deliveries at any time to avoid applying
excess water.
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1.4
1.4.1

Biological Resources Assessment Methods
Pre-field Investigation

Before conducting the field survey, GEI, Consultants, Inc. (GEI) reviewed the California Department of
Fish and Wildlife (CDFW) California Natural Diversity Database (CNDDB) (CDFW 2018) and the
California Native Plant Society (CNPS) online Inventory of Rare and Endangered Vascular Plants of
California (CNPS 2018). These reviews were centered on the Buttonwillow and Lokern USGS 7.5minute quadrangles and included the ten quadrangles that surround them. An official list of Federal
threatened and endangered species that could occur on or near the project site was obtained from the
USFWS Information for Planning and Conservation website (USFWS 2018a), and the USFWS online
map of critical habitat for Federally threatened and endangered species (USFWS 2018b) was reviewed.
Results of the CNDDB and CNPS Inventory queries and the USFWS list are provided in Appendix A.

1.4.2

Field Surveys

A field survey of the pipeline routes, turnout locations, and six of the potential staging areas was
conducted by GEI biologists Sarah A. Norris and Brook Constantz on March 29, 2018. The
northernmost staging area was surveyed by Booher Consulting, LLC for the District’s Northern Area
Pipeline Eastern Extension Project, and small mammal trapping was conducted at this staging area in
June 2016 (Booher Consulting 2018). Biological surveys focused on evaluating potential for specialstatus species to occur on or adjacent to the project site and be affected by project activities. The project
site is the area in which project activities would occur, including pipeline and turnout installation and
staging. The GEI survey area included a 50-foot corridor along the pipeline route and a 50-foot buffer
around the six potential staging areas. During the GEI field survey, the high temperature was 82 degrees
Fahrenheit, skies were mostly clear, and there was no wind.

2.

Environmental Setting

The project site is located along the southwestern edge of the San Joaquin Valley and is entirely
comprised of agricultural land and associated canals, farm buildings, and residences. Topography is
generally flat, with an average elevation of approximately 260 feet above mean sea level. Representative
photographs of the pipeline route and staging areas are provided in Appendix B.

2.1

Vegetation and Wildlife

No native vegetation assemblages are present on the project site; all areas except the northernmost
staging area are actively cultivated or support associated agricultural infrastructure. Lands used to
produce row crops were fallow at the time of the March 2018 field survey, with fields recently plowed
and prepared for seeding. Cotton is the dominant row crop and pistachio is the dominant tree crop.
Occasional ornamental trees, including Mexican fan palm (Washintonia robusta), mulberry (Morus
alba), and acacia (Acacia sp.), are present near structures. Road shoulders are compacted and generally
barren. Nonnative species, including tumble mustard (Sisymbrium altissimum), black mustard (Brassica
nigra), cheeseweed (Malva parviflora), lambs quarters (Chenopodium album), and slender oat (Avena
barbata), occur in the transition zone between road shoulders and field margins. The uncultivated parcel
7th Standard Pipeline Project
Buena Vista Water Storage District
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where the northernmost staging area is located is heavily disturbed and mostly barren; vegetation present
during the 2016 surveys included saltgrass (Distichlis spicata), lambs quarters, alkali weed (Cressa
truxillensis var. vallicola), and alkali mallow (Malvella leprosa). This area is adjacent to actively
cultivated agricultural land and appears to be used periodically for staging of agricultural equipment.
Appendix C includes maps of land cover types that were present during the March 2018 field survey. A
list of each plant species observed during the March 2018 field survey is provided in Appendix D.
Agricultural and other disturbed habitats on the project site support a low diversity of wildlife species
that are adapted to this intensely managed environment. Natural habitats east and south of the project
site provide much higher quality wildlife habitat and support a higher diversity of species, but these
areas are a minimum of 0.5 mile and typically 2-3 miles from the nearest proposed pipeline segment.
Because the project site is nearly completely comprised of and surrounded by actively cultivated
agricultural lands, only the most mobile species (e.g., birds and mammals with large home ranges) that
typically use agricultural habitats are likely to occur on the project site. Appendix D includes a list of
the few wildlife species that were observed during the March 2018 field survey.

2.2

Special-status Species

Special-status species are plants and animals that fall into any of the following categories:


species officially listed by the Federal government or the State of California as endangered,
threatened, or rare;



candidate species for Federal or State listing as endangered or threatened;



species proposed for Federal or State listing as endangered or threatened;



taxa (i.e., taxonomic categories or groups) that meet the criteria for listing;



wildlife species identified by CDFW as species of special concern and plant taxa considered by
CDFW to be “rare, threatened, or endangered in California;”



species listed as Fully Protected under the California Fish and Game Code; or



species afforded protection under local or regional planning documents.

All plants with a California Rare Plant Rank (CRPR) are considered “special plants” by CDFW. The
term “special plants” is a broad term used by CDFW to refer to all plant taxa inventoried in the CNDDB,
regardless of their legal or protection status. As indicated above, only plant taxa considered by CDFW to
be “rare, threatened, or endangered in California” (i.e., CRPR 1B and 2B plants) are considered specialstatus for purposes of this analysis. CDFW applies the term “California species of special concern” to
wildlife species that are not listed under Federal of State endangered species acts but that are nonetheless
declining at a rate that could result in listing, or that historically occurred in low numbers and are subject
to current known threats to their persistence.
Results of the CNDDB and CNPS USGS 12-quadrangle searches (see Appendix A) yielded occurrences
of 50 plants and animals. Nineteen of these are special-status species that have been documented within
3 miles of the project site, as shown in Figure 3 and Figure 4. However, most of these occurrences are
from grassland, saltbush scrub, and other natural shrub habitats south and west of the agricultural lands
on and surrounding the project site. (Note: Not all species tracked in the CNDDB and included in the
search results in Appendix A meet the special-status definition described above.)
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Figure 3.

California Natural Diversity Database Occurrences of Special-status Plants within 3
Miles of the Project Site

Source: CDFW 2018, adapted by GEI Consultants, Inc. 2018
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Figure 4.

California Natural Diversity Database Occurrences of Special-status Animals within
3 Miles of the Project Site

Source: CDFW 2018, adapted by GEI Consultants, Inc. 2018
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Table 1 provides information on each special-status plant that was included in the CNDDB or CNPS
search results and/or on the USFWS official species list. Based on the review of existing documentation
and habitat evaluations made during field surveys, habitat for special-status plants is absent from the
project site, and none of the species listed in Table 1 were determined to have potential to occur on or
adjacent to any portion of the project site, including turnout locations and staging areas.
Table 1.

Special-status Plants Evaluated for Potential to Occur on the Project Site

Species

Blooming
Period

Status1
Federal

State

Habitat Associations

Potential to Occur on
Project Site
None; no suitable habitat is
present on or adjacent to the
project site.

Horn’s milkvetch
Astragalus hornii var.
hornii

May–October

–

1B.1

Alkaline soils along lake
margins, in meadows,
seeps, and playas

Heartscale
Atriplex cordulata var.
cordulata

April–October

–

1B.2

None; no suitable habitat is
Sandy saline or alkaline
soils in chenopod scrub and present on or adjacent to the
valley and foothill grassland project site.

Earlimart orache
Atriplex cordulata var.
erecticaulis

August–
November

–

1B.2

Valley and foothill grassland None; no suitable habitat is
present on or adjacent to the
project site.

Lesser saltscale
Atriplex minuscula

May–October

–

1B.1

Alkaline sandy soils in
None; no suitable habitat is
chenopod scrub, valley and present on or adjacent to the
foothill grassland, and
project site.
playas

Subtle orache
Atriplex subtilis

June–
September

–

1B.1

Alkaline soils in valley and
foothill grassland

None; no suitable habitat is
present on or adjacent to the
project site.

California jewelflower
February–May
Caulanthus californicus

E

E/1B.1

Sandy soil in chenopod
scrub, pinyon and juniper
woodland, and valley and
foothill grassland

None; no suitable habitat is
present on or adjacent to the
project site.

Slough thistle
Cirsium crassicaule

February–May

–

1B.1

Chenopod scrub, riparian
scrub, and marshes,
swamps, and sloughs

None; no suitable habitat is
present on or adjacent to the
project site.

Recurved larkspur
Delphinium recurvatum

March–June

–

1B.2

Alkaline soils in chenopod
scrub, cismontaine
woodland, and valley and
foothill grassland

None; no suitable habitat is
present on or adjacent to the
project site.

Kern mallow
Eremalche parryi ssp.
kernensis

January–May

E

1B.2

Open sandy and clay soils, None; no suitable habitat is
often at edge of clearings in present on or adjacent to the
chenopod scrub, pinyon and project site.
juniper woodland, and valley
and foothill grassland

Hoover's eriastrum
Eriastrum hooveri

March–May

–

1B.2

Sometimes gravelly areas in None; no suitable habitat is
chenopod scrub, pinyon and present on or adjacent to the
juniper woodland, valley and project site.
foothill grassland, alkaline
flats

Temblor buckwheat
May–
Eriogonum temblorense September

–

1B.2

Valley or foothill grassland
on clay or sandstone
substrate

Tejon poppy
Eschscholzia lemmonii
ssp. kernensis

–

1B.1

Chenopod scrub and valley None; no suitable habitat is
present on or adjacent to the
and foothill grassland
project site.

February–April

7th Standard Pipeline Project
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Table 1.

Special-status Plants Evaluated for Potential to Occur on the Project Site
Blooming
Period

Species

Status1

Potential to Occur on
Project Site

Federal

State

Habitat Associations

Coulter’s goldfields
February–June
Lasthenia glabrata ssp.
coulteri

–

1B.1

Marshes and swamps,
playas, and vernal pools

Pale-yellow layia
Layia heterotricha

March–June

–

1B.1

None; no suitable habitat is
Alkaline or clay soils in
present on or adjacent to the
cismontane woodland,
coastal scrub, pinyon and
project site.
juniper woodland, and valley
and foothill grassland

Munz's tidy-tips
Layia munzii

March–April

–

1B.2

Alkaline clay soils in
chenopod scrub and valley
and foothill grassland

Showy golden madia
Madia radiata

March–May

–

1B.1

Cismontane woodland and None; no suitable habitat is
valley and foothill grassland present on or adjacent to the
project site.

San Joaquin
woollythreads
Monolopia congdonii

February–May

E

1B.2

Sandy soils in chenopod
None; no suitable habitat is
scrub, and valley and foothill present on or adjacent to the
grassland
project site.

California alkali grass
Puccinellia simplex

March–May

–

1B.2

Alkaline soils in wet areas, None; no suitable habitat is
lake margins, meadows and present on or adjacent to the
seeps, vernal pools,
project site.
chenopod scrub, and valley
and foothill grassland

Oil neststraw
Stylocline citroleum

March–April

–

1B.1

Clay soils in chenopod
None; no suitable habitat is
scrub, coastal scrub, and
present on or adjacent to the
valley and foothill grassland project site.

None; no suitable habitat is
present on or adjacent to the
project site.

None; no suitable habitat is
present on or adjacent to the
project site.

Notes: CNDDB = California Natural Diversity Database; CRPR = California Rare Plant Rank
1
Status Definitions
Legal Status
E
=
Listed as Endangered under the Federal or State Endangered Species Act
California Rare Plant Ranks
1B =
Plant species considered rare or endangered in California and elsewhere (but not legally protected under the Federal or
California Endangered Species Acts).
California Rare Plant Rank Extensions
.1 =
Seriously endangered in California (greater than 80 percent of occurrences are threatened and/or have a high degree and
immediacy of threat).
.2 =
Fairly endangered in California (20 to 80 percent of occurrences are threatened and/or have a moderate degree and
immediacy of threat).
–
=
no status
Sources: CDFW 2018; CNPS 2018; GEI data 2018; USFWS 2018a

Table 2 provides information on each special-status animal that was included in the CNDDB search
results, on the USFWS official species list, or was otherwise determined to have potential to occur on or
adjacent to the project site. Based on the review of existing documentation, habitat evaluations made
during the March 2018 field survey, and focused surveys conducted in 2016, most of these species have
no potential to occur along the pipeline route or at any of the turnout locations or staging areas. Because
the project site and adjacent areas do not support natural vegetation (e.g., grassland or saltbush scrub) or
permanent aquatic habitat, suitable habitat for most of the species considered is absent. No special-status
wildlife species were observed during the field surveys.
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Table 2.

Special-status Fish and Wildlife Evaluated for Potential to Occur on the
Project Site
Status

Species

Habitat Associations

Potential to Occur on the
Project Site

Federal

State

T

E

Semi-anadromous; typically
None; no suitable habitat is present on or
restricted to the Sacramento-San adjacent to the project site, which is
Joaquin River Delta and the lower outside the range of this species.
Sacramento River

T

–

Vernal pools and seasonal
wetlands, including a wide range
of sizes and depths.

California red-legged frog
Rana draytonii

T

SSC

Lowlands and foothill areas, in or None; no suitable habitat is present on or
near permanent deep water with adjacent to the project site, which is
dense, shrubby or emergent
outside the range of this species.
riparian vegetation

Western spadefoot
Spea hammondii

–

SSC

None; no suitable habitat is present on or
Vernal pools and seasonal
wetlands in grasslands and open adjacent to the project site.
woodlands

Blunt-nosed leopard lizard
Gambelia silus

E

E, FP

Sparsely vegetated and relatively None; no suitable habitat is present on or
flat grasslands and alkali and
adjacent to the project site; habitat at
location of CNNDB occurrence along
desert scrub habitats
pipeline route is no longer suitable.

California legless lizard
Anniella sp. 1

–

SSC

Moist, loose soils in a variety of
natural habitats

None; no suitable habitat is present on or
adjacent to the project site.

Temblor legless lizard
Anniella alexanderae

–

SSC

Poorly known; likely in occurs in
sparsely vegetated areas with
moist sandy soils

None; no suitable habitat is present on or
adjacent to the project site.

Coast horned lizard
Phrynosoma blainvillii

–

SSC

Most commonly along sandy
None; no suitable habitat is present on or
washes with scattered low bushes adjacent to the project site.

California glossy snake
Arizona elegans occidentalis

–

SSC

Wide variety of habitats, including None; no suitable habitat is present on or
grassland and scrub, often with
adjacent to the project site.
loose or sandy soils

San Joaquin coachwhip
Masticophis flagellum
ruddocki

–

SSC

Open, dry habitats with little or no None; no suitable habitat is present on or
tree cover, including grasslands adjacent to the project site.
and saltbush scrub

Giant gartersnake
Thamnophis gigas

T

T

Open water and emergent
vegetation in marshes, sloughs,
and other aquatic habitats; also
requires open upland habitat

None; no suitable habitat is present on or
adjacent to the project site, which is
outside the range of this species.

Northwestern pond turtle
Actinemys marmorata

–

SSC

Permanent or nearly permanent
water bodies; nests in sunny
uplands near suitable aquatic
habitat

None; canals on the project site are dry
most of the year and do not provide suitable
aquatic habitat.

T

–

Fish
Delta smelt
Hypomesus transpacificus

Invertebrates
Vernal Pool fairy shrimp
Branchinecta lynchi

None; no suitable habitat is present on or
adjacent to the project site.

Amphibians

Reptiles

Birds
Western snowy plover
Charadrius alexandrinus
nivosus

7th Standard Pipeline Project
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Table 2.

Special-status Fish and Wildlife Evaluated for Potential to Occur on the
Project Site
Status

Species

Habitat Associations

Potential to Occur on the
Project Site

Federal

State

Mountain plover
Charadrius montanus

BCC

SSC

Flat areas with short vegetation
and bare ground, including short
grasslands, freshly plowed and
sprouting fields

Low; some potentially suitable agricultural
land is present on and adjacent to the
project site, but the nearest CNDDB
occurrence is from almost 30 years ago and
over 15 miles south.

Burrowing owl
Athene cunicularia

BCC

SSC

Nests and forages in grasslands,
agricultural lands, and other open
habitats with natural or artificial
burrows or friable soils

Low; row crops and vegetated fallow fields
provide marginally suitable foraging habitat;
could occur at staging areas and along field
and canal margins if suitable burrows are
present.

White-tailed kite
Elanus leucurus

–

FP

Nests in woodlands and isolated
trees and forages in grasslands,
pasture, and agricultural fields

Moderate; row crops and vegetated fallow
fields provide marginally suitable foraging
habitat, and the few scattered large trees
may provide suitable nest sites.

Swainson’s hawk
Buteo swainsoni

BCC

T

Northern harrier
Circus cyaneus

–

SSC

Prairie falcon
Falco mexicanus

BCC

–

Dry, open habitats; nests on cliffs Moderate; could forage on the project site,
but no suitable nesting habitat is present.

Loggerhead shrike
Lanius ludovicianus

BCC

SSC

Savannah, shrublands, and open Very low; row crops and vegetated fallow
woodlands with shrubs and small fields provide poor foraging habitat, and
trees for nesting
suitable nesting vegetation is absent.

Le Conte’s thrasher
Toxostoma lecontei

BCC

SSC

Dry, open scrub habitats with
dense spiny vegetation

None; no suitable habitat is present on or
adjacent to the project site.

Least Bell’s vireo
Vireo bellii pusillus

E

E

Structurally diverse riparian
habitat with dense shrub layer

None; no suitable habitat is present on or
adjacent to the project site.

Tricolored blackbird
Agelaius tricolor

BCC

C

Nests in dense cattails and tules,
riparian scrub, grain crops, and
other low dense vegetation;
forages in grasslands and
agricultural fields

Low; vegetated fallow fields provide
marginally suitable foraging habitat; no
suitable nesting habitat is currently present,
but grain crops would provide suitable
habitat if planted in future.

E

SSC

Moist soils in marsh and riparian
habitat, with stumps, logs and
litter for cover

None; no suitable habitat is present on or
adjacent to the project site.

Moderate; row crops and vegetated fallow
Nests in riparian forest and
fields provide marginally suitable foraging
scattered trees; forages in
grasslands and agricultural fields habitat, and the few scattered large trees
may provide suitable nest sites; nesting
pairs are scarce in Kern County, but an
active nest was recently documented
approximately 1 mile west of the south end
or the project site.
Nests and forages in grasslands,
field crops, and marshes; nests
on the ground in patches of
dense, often tall, vegetation

Low; row crops and vegetated fallow fields
provide marginally suitable foraging habitat;
no suitable nesting habitat is currently
present, but vegetated fallow fields could
become suitable and grain crops would
provide suitable habitat if planted in future.

Mammals
Buena Vista Lake ornate
shrew
Sorex ornatus relictus
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Table 2.

Special-status Fish and Wildlife Evaluated for Potential to Occur on the
Project Site
Status
Federal

State

Tulare grasshopper mouse
Onychomys torridus
tularensis

Species

–

SSC

Giant kangaroo rat
Dipodomys ingens

E

Tipton kangaroo rat
Dipodomys nitratoides

Potential to Occur on the
Project Site

Habitat Associations
Dry, open scrublands

None; no suitable habitat is present on or
adjacent to the project site, and no
grasshopper mice were captured during
small mammal trapping surveys conducted
in June 2016 on and adjacent to the
northernmost staging area.

E

Dry grasslands and alkali scrub
with sandy loam soils

None; no suitable habitat is present on or
adjacent to the project site, and no giant
kangaroo rats were captured during small
mammal trapping surveys conducted in
June 2016 on and adjacent to the
northernmost staging area.

E

E

Saltbrush and sink scrub
vegetation with soft, friable soils

None; no suitable habitat is present on or
adjacent to the project site, and no Tipton’s
kangaroo rats were captured during small
mammal trapping surveys conducted in
June 2016 on and adjacent to the
northernmost staging area.

Short-nosed kangaroo rat
Dipodomys nitratoides
brevinasus

–

SSC

Nelson’s antelope squirrel
Ammospermophilus nelsoni

–

T

Grasslands and open shrubland
with gullies and washes

None; no suitable habitat is present on or
adjacent to the project site.

San Joaquin kit fox
Vulpes macrotis mutica

E

T

Primarily grasslands and sparsely
vegetated shrublands with loosetextured soils; can also use open
agricultural habitats

Low; habitat on and adjacent to the project
site is of relatively low quality, but
individuals could travel through the area in
transit to more suitable habitat elsewhere.
CNDDB includes a 2003 occurrence along
or near the southern portion of the pipeline
route, but much of the habitat in this area
has since been converted to orchard.

American badger
Taxidea taxus

–

SSC

Dry, open areas in various
habitats with friable soils and
uncultivated ground

None; no suitable habitat is present on or
adjacent to the project site.

Western mastiff bat
Eumops perotis californicus

–

SSC

Various open, semi-arid to arid
Low; farm buildings and vacant houses
habitats; roosts in cliff crevices,
provide marginally suitable roost sites, and
high buildings, tunnels, and trees individuals could occasionally forage in the
vicinity.

Grassland and shrub habitats with None; no suitable habitat is present on or
adjacent to the project site, and no shortfriable alkali soils
nosed kangaroo rats were captured during
small mammal trapping surveys conducted
in June 2016 on and adjacent to the
northernmost staging area.

Notes: CNDDB = California Natural Diversity Database
1
Status Definitions
E
=
Listed as Endangered under the Federal or State Endangered Species Act
T
=
Listed as Threatened under the Federal or State Endangered Species Act
C
=
Candidate for listing as Threatened or Endangered under the State Endangered Species Act
BCC =
Federal Bird of Conservation Concern
FP =
Fully Protected under the California Fish and Game Code
SSC =
California Species of Special Concern
Sources: CDFW 2018; GEI data 2018; USFWS 2018a
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Five special-status bird species have potential to nest in the project vicinity: burrowing owl, Swainson’s
hawk, northern harrier, white-tailed kite, and tricolored blackbird. No suitable nesting habitat for
tricolored blackbird or northern harrier is currently present on or adjacent to the project site. However, if
grain crops are planted or tall ruderal vegetation grows in fallow fields, these species could nest in such
habitat. Large ornamental trees at several farm residences and facilities on or near the project site
provide marginally suitable nest sites for Swainson’s hawk and white-tailed kite (as well as common
raptor species). Kern County is at the south end of the Swainson’s hawk breeding range, and the species
occurs sparsely in this region (CDFG 2007). The CNDDB includes only 20 presumed extant active
Swainson’s hawk nests or nesting pairs documented since 1990 in all of Kern County. One of these
locations is in saltbush scrub habitat approximately 1 mile west of the southern end of the project site.
Based on the scarcity of Swainson’s hawks in the region and the very small number of potential nest
trees, potential for this species to nest on or near the project site is low, but it cannot entirely be ruled
out. Similarly, few potential nest sites for white-tailed kite are present, and potential for kites to nest on
or near the project site is low. Potentially suitable habitat for burrowing owl is currently limited to a
small area along the northern portion of the pipeline route where California ground squirrel activity was
observed and several of the staging areas where natural burrows could become established and debris
could provide artificial burrows.
Western mastiff bat is most likely to roost in hills west of the project site, though canal crossings and
undisturbed buildings on and adjacent to the site may provide suitable artificial roost sites. If suitable
roosts are available in the project vicinity, these bats could forage over the project site. The CNDDB
includes many recent occurrences of San Joaquin kit fox in grassland and scrub in the project vicinity.
Although kit foxes occur in a variety of habitats, including row crops, orchards, and vineyards, they
prefer natural open habitats with loose-textured soils, and dens typically occur in open areas with grass
or scattered brush (USFWS 1998, 2010). According to habitat suitability modeling conducted over the
range of San Joaquin kit fox, large areas of high suitability are present south and west of the project site,
but no medium or high suitability habitat is present on the project site (Cypher et al. 2013). No potential
kit fox dens were observed during the field surveys. Based on the current habitat conditions and
observations made during the field surveys, potential for kit fox to occur on or near the project site is
low, and kit fox dens are unlikely to be present. However, because the project site is near high suitability
habitat, there is potential for foraging or transient individuals to occasionally pass through the site.

2.3

Sensitive Habitats

Sensitive habitats include those that are of special concern to resource agencies or are afforded specific
consideration through the California Environmental Quality Act, the Federal Endangered Species Act
(ESA), Section 1602 of the California Fish and Game Code (FGC), Section 404 of the Federal Clean
Water Act (CWA), and the Porter-Cologne Water Quality Control Act (Porter-Cologne Act). Sensitive
habitats may be of special concern for a variety of reasons, including their locally or regionally declining
status, or because they provide important habitat for special-status species.

2.3.1

Critical Habitat

Critical habitat is a geographic area containing features determined to be essential to the conservation of
a species listed as threatened or endangered under the ESA. No designated or proposed critical habitat is
present on or adjacent to the project site.
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2.3.2

Other Habitats Protected under Federal or State Regulations

Under CWA Section 404, the U.S. Army Corps of Engineers (USACE) regulates discharge of dredged
or fill material into aquatic features that qualify as waters of the United States; wetlands that support
hydrophytic vegetation, hydric soil types, and wetland hydrology may also qualify for USACE
jurisdiction under CWA Section 404. Under CWA Section 401, the Central Valley Regional Water
Quality Control Board (RWQCB) regulates discharge of dredged or fill material into waters of the
United States that drain to the Central Valley, to ensure such activities do not violate State or Federal
water quality standards; the Central Valley RWQCB also regulates waters of the State, in compliance
with the Porter-Cologne Act. In addition, all diversions, obstruction, or changes to the natural flow or
bed, channel, or bank of any river, stream, or lake in California that supports wildlife resources is
subject to the regulatory approval of CDFW pursuant to FGC Section 1602.
Because canals on the project site are used solely for irrigation delivery and do not have a significant
nexus to traditionally navigable waters, they do not qualify as potentially jurisdictional waters of the
United States and are not subject to regulation under CWA Section 401 or 404. According to the
District, the canals are not subject to FGC Section 1602 because they are not considered to be rivers or
streams, and a waste discharge requirement is not needed from RWQCB because the project would not
affect the quality of the waters of the state (Porter-Cologne Act Section 13260[1][1]).

2.3.3

Natural Communities of Special Concern

CDFW maintains a list of terrestrial natural communities that are native to California, the List of
Vegetation Alliances and Associations (CDFG 2010). Within that list, CDFW identifies and ranks
natural communities of special concern considered to be highly imperiled. The project site does not
support any natural communities of special concern.

3.

Potential Impacts

Implementing the project would result in temporary disturbance of agricultural land uses, such as crops,
roads, and facilities. In general, disturbance is anticipated to be relatively minor, because pipeline
installation would be limited to a relatively narrow corridor (primarily within the alignment of existing
farm roads), staging would occur on existing farm yards, and no natural habitat would be affected by
any project activities.
The impact discussions below focus on resources determined to have potential to be affected by
implementing the project. Therefore, special-status species that do not have potential to occur on or near
the project site (i.e., because suitable habitat is absent or the project site is outside the species’ current
range) are not addressed in these discussions.

2.4
2.4.1

Special-status Wildlife
Birds

Eight special-status birds have potential to occur on the project site (see Table 2). All these species are
known or likely to occur in the general region, but habitat on and adjacent to the project site is only
marginally suitable for them. Depending on crops that are present during project implementation, a
relatively small amount of potentially suitable foraging habitat could be disturbed by installing portions
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of the pipeline route that cross agricultural fields. However, because extensive areas of similar or higher
quality foraging habitat are present in the region, such disturbance would be a minor impact on the
potentially affected species.
The project site and/or immediately adjacent areas currently provide marginal nesting habitat for
burrowing owl, Swainson’s hawk and white-tailed kite. Suitable nesting habitat for northern harrier and
tricolored blackbird could also be present during project implementation, depending on crop types and
habitat conditions that are present at the time. Because the project site is subject to regular disturbance
from agricultural activities, and project activities are anticipated to cause somewhat similar disturbance
levels, potential for project implementation to result in nest failure or burrow abandonment is low.
However, if occupied burrows are present along the pipeline corridor or on a staging area, they could be
destroyed and burrowing owls could be injured or killed. In addition, if active nests are present in or
very close to the pipeline corridor, turnout locations, or staging areas, project activities could result nest
abandonment, reduced care of eggs or young, or premature fledging. Depending on the species and
number of individuals that are affected, burrow destruction or nest failure could be considered a
substantial adverse effect.

2.4.2

Mammals

San Joaquin kit fox and western mastiff bat are the only mammals with potential to occur on the project
site (see Table 2). Foraging activities of mastiff bats that may use the project site are unlikely to be
disturbed by construction activities. Because this species typically roosts in small colonies (Pierson and
Rainey 1998), relatively few individuals could be affected in the unlikely event structures on or adjacent
to the project site are used as roosting habitat. Potential disturbance of small numbers of roosting bats
would not be considered a substantial adverse effect.
Based on current habitat conditions and observations made during the field surveys, potential for San
Joaquin kit fox to den on or adjacent to the project site is low. However, if a den becomes established or
transient individuals are present during project implementation, the den could be abandoned or kit foxes
could be injured or killed if they become trapped in pipes or trenches. Disturbance of an occupied den or
injury or death of a San Joaquin kit fox would be considered a substantial adverse effect.

2.5

Other Potential Impacts on Biological Resources

The project site is part of a much larger extent of agricultural lands and does not serve as a corridor or
other primary route for wildlife movement. Because the canals are dry for much of the year and do not
connect to natural waterways, they do not provide migratory corridors. The project site also is not
known or anticipated to serve as a nursery site for any wildlife species. Therefore, implementing the
proposed project would not substantially interfere with the movement of any native resident or
migratory fish or wildlife species or with established native resident or migratory wildlife corridors or
impede the use of native wildlife nursery sites.
The project site is not within an area covered by an adopted Habitat Conservation Plan or Natural
Community Conservation Plan. Therefore, implementing the proposed project would not conflict with
any provisions, guidelines, goals, or objectives related to biological resources outlined in such a plan.
A low diversity of common birds that use agricultural habitats could nest on or adjacent to the project
site. Because the pipeline would primarily be installed within existing roadways, there is minimal
potential for the project to result in direct destruction of active nests. However, if active nests are present
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on or very near the project site, pipeline and turnout installation and staging activities could result nest
abandonment, reduced care of eggs or young, or premature fledging. Loss of active nests of common
species would not substantially reduce their abundance or cause any species to drop below selfsustaining levels, but it could be considered a violation of FGC Section 3503. Recommended impact
avoidance and minimization measures described below would reduce potential for loss of active bird
nests.

4.

Recommended Impact Avoidance and
Minimization Measures

The best management practices (BMPs) described below are recommended to avoid or minimize
impacts on special-status wildlife and other biological resources that are protected under State and
Federal laws and regulations.


BMP-1: An Environmental Awareness Program will be presented to all project personnel working
in the field before project activities begin. The program will be presented by a qualified biologist
with knowledge of special-status wildlife that could occur on the project site. The program will
address each species biology and habitat needs; status of each species and their regulatory
protections; measures required to reduce impacts to the species during project construction; penalties
for non-compliance; and benefits of compliance.



BMP-2: Project activities will only occur during the day (between 30 minutes before sunrise and 30
minutes after sunset).



BMP-3: Hazardous materials, fuels, lubricants, and solvents that spill accidentally during projectrelated activities will be cleaned up and removed from the project site as soon as possible, according
to applicable federal, state and local regulations.



BMP-4: To prevent wildlife entrapment during construction, all excavated, steep-walled holes or
trenches more than 2 feet deep will be covered with plywood or similar material at the end of each
work day. If the trenches cannot be closed, one or more escape ramps of no more than a 45-degree
slope will be constructed of earthen fill or created with wooden planks. All covered or uncovered
excavations will be inspected at the beginning, middle, and end of each day. Before trenches are
filled, they will be inspected for trapped animals. If a trapped or injured animal is discovered, project
activities in the immediate vicinity will stop, and escape ramps or structures will be installed
immediately to allow the animal(s) to escape.



BMP-5: All construction pipes, culverts, or similar structures with a diameter of 4 inches or more
that are stored on the ground at a construction site for one or more overnight periods will be
thoroughly inspected for wildlife before the pipe is buried, capped, or otherwise used or moved in
any way. Pipes laid in trenches overnight will be capped. If an animal is discovered inside a pipe, the
pipe will not be moved, and the animal will be allowed to leave on its own.
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BMP-6: All food-related trash items such as wrappers, cans, bottles or food scraps generated during
project activities will be disposed of in closed containers and removed daily from the project site. No
deliberate feeding of wildlife will be allowed.



BMP-7: No domestic pets associated with project personnel will be permitted on the project site.

Implementing the following measures, consistent with the Standardized Recommendations for
Protection of the Endangered San Joaquin Kit Fox Prior to or During Ground Disturbance (USFWS
2011), would further avoid and/or minimize potential impacts on San Joaquin kit fox.


SJKF-1: A qualified biologist will conduct a pre-construction San Joaquin kit fox survey of staging
areas, canal crossings, and portions of the pipeline route that are not in active agricultural cultivation,
if any. The survey will be conducted no fewer than 14 days and no more than 30 days before project
activities begin. If potential dens for San Joaquin kit fox are found, exclusion zones will be
established before project activities begin, in accordance with the Standardized Recommendations
for Protection of the Endangered San Joaquin Kit Fox (USFWS 2011).



SJKF-2: The District will designate a project representative as the contact for any employee or
contractor who finds a dead, injured, or entrapped San Joaquin kit fox. If a San Joaquin kit fox is
found dead, injured, or entrapped on the project site, the District contact will be notified
immediately.



SJKF-3: All sightings of San Joaquin kit fox will be reported immediately to USFWS and CDFW
and a record of the sightings will be submitted to the CNDDB.

Implementing the following measures, consistent with the Staff Report on Burrowing Owl Mitigation
(CDFG 2012), would avoid destruction of occupied burrowing owl burrows.


BUOW-1: A qualified biologist will assess burrowing owl habitat suitability in the area subject to
direct impact and adjacent areas within 500 feet.



BUOW-2: If suitable habitat or sign of burrowing owl presence is observed, a take avoidance survey
will be conducted within 14 days before project activities begin.



BUOW-3: If any occupied burrows are observed, protective buffers will be established and
implemented. A qualified biologist will monitor the occupied burrows during project activities to
confirm effectiveness of the buffers. The size of the buffer will depend on type and intensity of
project disturbance, presence of visual buffers, and other variables that could affect susceptibility of
the owls to disturbance.



BUOW-4: If it is not feasible to implement a buffer of adequate size and it is determined, in
consultation with CDFW, that passive exclusion of owls from the project site is an appropriate
means of minimizing impacts, an exclusion and relocation plan will be developed and implemented
in coordination with CDFW. However, passive exclusion cannot be conducted during the breeding
season (February 1–August 31), unless a qualified biologist verifies through noninvasive means that
either (1) the birds have not begun egg laying or (2) juveniles from the occupied burrows are
foraging independently and are capable of independent survival.
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Implementing the following measures would avoid loss of active Swainson’s Hawk nests:


SWHA-1: A qualified biologist will conduct surveys of potential Swainson’s hawk nesting trees
within 0.25 mile of the project site. To the extent practicable, depending on timing of project
initiation, surveys will be conducted in accordance with the Recommended Timing and Methodology
for Swainson’s Hawk Nesting Surveys in California’s Central Valley (Swainson’s Hawk Technical
Advisory Committee 2000). At a minimum, a survey will be conducted within 14 days before
project activities begin near suitable nest trees during the nesting season (April–August).



SWHA-2: If an active nest is observed, a protective buffer will be established and implemented until
the nest is no longer active. A qualified biologist will monitor the nest during project activities to
confirm effectiveness of the buffer. The size of the buffer will depend on type and intensity of
project disturbance, presence of visual buffers, and other variables that could affect susceptibility of
the nest to disturbance.

Implementing the following measures would minimize potential for loss of active nests of other birds:


NEST-1: A qualified biologist will conduct surveys of suitable nesting habitat that would be directly
disturbed by project activities and suitable nesting habitat for tricolored blackbird, white-tailed kite,
northern harrier, and common raptors, if present within 500 feet of project activities. Surveys will be
conducted within 14 days before project activities begin near suitable nesting habitat during the
nesting season (February-August).



NEST-2: If any active nests are observed, protective buffers will be established and implemented
until the nests are no longer active. A qualified biologist will monitor the nest during project
activities to confirm effectiveness of the buffer. The size of the buffer will depend on type and
intensity of project disturbance, presence of visual buffers, and other variables that could affect
susceptibility of the nest to disturbance.

5.
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Appendix A.

Special-status Species Query Results

[CNDDB, CNPS, and IPaC lists will be inserted in PDF file]

Appendix B.

Representative Photographs of the
Project Site

Facing north, from Imperial Street, toward alignment for the northernmost portion
of the pipeline route.

Facing west at pipeline route along south side of Imperial Street.
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Facing north, where pipeline route would cross School House Ditch and extend
north through fields between 7th Standard Road and Imperial Street.

Facing south, along pipeline route south of 7th Standard Road.
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Potential staging area south of 7th Standard Road.

Potential staging area south of 7th Standard Road.

7th Standard Pipeline Project
Buena Vista Water Storage District

B-3

GEI Consultants, Inc.
Appendix B

Potential staging area near corner of 7th Standard Road and Corn Camp Road.

Facing north at pipeline route that extends north from corner of 7th Standard
Road and Corn Camp Road.
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Potential staging area on east side of Corn Camp Road.

Potential staging area south of Snow Road.
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Pipeline route extending east along Snow Road from Corn Camp Road.

Facing north, from Main Drain Road, along pipeline route on west side of Corn
Camp Road.
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Potential staging area on west side of Corn Camp Road.

Facing south toward south end of pipeline route along Corn Camp Road.
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Appendix C.

Land Cover Types in the Biological
Survey Area

[Land cover maps will be inserted in PDF file]

Appendix D.

Plants and Wildlife Documented during
March 2018 Field Survey

Table 1. Plants Observed during March 2018 Field Survey
Scientific Name

Common Name

Acacia sp.

Acacia

Amsinckia intermedia

Small flowered fiddleneck

Anthemis cotula

Stinking chamomile

Avena barbata

Slender oat

Brassica nigra

Black mustard

Bromus diandrus

Ripgut brome

Bromus madritensis ssp. rubens

Red brome

Calandrinia menziesii

Red maids

Capsella bursa-pastoris

Shephard's purse

Chenopodium album

Lambs quarters

Cynodon datylon

Bermuda grass

Datura sp.

Jimsonweed

Digitaria sanguinalis

Crabgrass

Erodium botrys

Big heron bill

Gilia tricolor

Birds eyes

Heliotropium curassavicum

Salt Heliotrope

Hordeum murinum

Foxtail barley

Malva parviflora

Cheeseweed

Morus alba

Mulberry

Salsola tragus

Russian thistle

Sisymbrium altissimum

Tumble mustard

Sonchus asper

Prickly sow-thistle

Washintonia robusta

Mexican fan palm

Source: GEI Consultants, Inc. 2018

Table 2. Wildlife Documented during March 2018 Field Survey
Scientific Name

Common Name

Birds
Agelaius phoeniceu

Red-winged blackbird

Buteo jamaicensis

Red-tailed hawk

Corvus brachyrhynchos

American crow

Euphagus cyanocephalus

Brewer's blackbird

Haemorhous mexicanus

House finch

Hirundo rustica

Barn swallow

Junco hyemalis

Dark-eyed junco

Mimus polyglottos

Northern mockingbird

Streptopelia decaocto

Eurasian collared dove

Sturnus vulgaris

European starling

Mammals
Canis familiaris

Domestic dog

Otospermophilus beecheyi

California ground squirrel

Sylvilagus audubonii

Audubon’s cottontail

Source: GEI Consultants, Inc. 2018
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Management Summary
The U.S. Bureau of Reclamation (BOR) proposes to award Buena Vista Water Storage District
(BVWSD) with a WaterSMART grant that would help fund construction of the 7th Standard Pipeline
Project (Project). The Project will distribute surface water from the California Aqueduct that enters via
the State Water Project Turnout BV1-b as well as the 120-inch Semitropic pipeline. The Project is
designed to improve overall efficiency of water and energy use within the BVWSD by eliminating
seepage from unlined canals and improving flow measurement at the turnouts. Currently, approximately
37,000 acre-feet per year (AF/yr) of surface water conveyed through the unlined canals is lost to
evaporation and seepage. The proposed Project is estimated to conserve 2,245 AF/yr through seepage
reduction and 2,557 AF/yr by improving measurement and control of tailwater, for an estimated total
annual savings of 4,802 AF/yr. BOR determined that the expenditure of federal funds is an undertaking
as defined in 36 CFR § 800.16(y) and involves the type of activity that has the potential to cause effects
on a historic property under 36 CFR § 800.3(a).
Inventory efforts included a records search conducted at the Southern San Joaquin Valley Information
Center, archival research, Native American consultation conducted by BOR, archaeological and built
environment pedestrian surveys, and evaluations of nine historic-era (45 years old or older) built
environment resources.
As a result of this investigation, nine historic-era built environment resources were identified in the Area
of Potential Effects: Palomas Drain, School House Canal, Angelo Ditch, a residence located at 24705 7th
Standard Road, Baker Ditch, East Side Canal, Ditch 14, Eight Foot Canal, and an agricultural building
complex located at 1921 Corn Camp Road. The resources were evaluated as individual resources, as part
of a larger system, and as district, and were recommended as not meeting National Register of Historic
Places criteria. The archaeological pedestrian survey identified six isolated artifacts. Pursuant to 36
Code of Federal Regulations § 800.4(d)(1), a finding of no historic properties affected is recommended
for the proposed undertaking. No further cultural resources work is recommended.
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Chapter 1.

Introduction

The 7th Standard Pipeline Project (Project) area is located within the Buena Vista Water Storage District
(BVWSD), in the trough of California’s southern San Joaquin Valley, 16 miles west of Bakersfield. The
District’s service area includes approximately 50,000 acres in two distinct areas – Buttonwillow Service
Area and Maples Service Area – in the lower Kern River watershed of western Kern County.
All water used in the District is delivered to agricultural and environmental users, including the Tule Elk
State Natural Reserve. Approximately 40,000 acres of the District’s service area are annually farmed,
the primary crops being pistachios, cotton, alfalfa, and grains. The District receives 158,000 acre-feet
per year of surface water, primarily from the State Water Project (SWP) and the Kern River and operates
a delivery system with more than 125 miles of earthen canals. The District currently has access to five
turnouts from the California Aqueduct that provide its system with approximately 850 cubic feet per
second (cfs) of gravity inflow capacity directly into the distribution system. Surface water supply meets
two-thirds of the District’s average annual crop demands; the remaining water demands are met by
pumping groundwater from privately-owned wells.

1.1

Description of the Undertaking

The U.S. Bureau of Reclamation (BOR) proposes to award BVWSD with a WaterSMART grant that
would help fund construction of the Project. The 7th Standard Pipeline would begin near the intersection
of Milan Road and Imperial Street and terminate 0.5 mile north of State Route 58 (Figure 2).
Construction activities would include installing approximately 12 miles of buried pipe, up to 36 inches
in diameter, along a maximum construction corridor width of 50 feet. Pipes would be installed by
excavating open trenches. For pipes less than 24 inches in diameter, trenches would be 3 feet wide and 5
feet deep; for pipes greater than 24 inches in diameter, trenches would be 5 feet wide and 6 feet deep.
All construction activities would occur in existing agricultural areas, including farm roads, fields, and
other facilities. Lateral pipes 18 to 24 inches in diameter would be installed to connect 18 turnouts to the
7th Standard Pipeline.
The project would distribute surface water from the California Aqueduct that enters the District’s system
via SWP Turnout BV1-b and an existing 120-inch-diameter pipeline from Semitropic Water Storage
District. The project is designed to improve overall efficiency of water and energy use within the
District by eliminating seepage from unlined canals, improving flow measurement at the turnouts, and
reducing the electrical needs of groundwater pumping.
Gated turnouts within the District would be converted to meters to better serve irrigation customers,
comply with current standards for measurement accuracy at turnouts, and implement volumetric pricing.
The project would facilitate on-farm improvements by installing highly accurate magnetic flowmeters at
all turnouts to enable precise measurement and control of delivered water. Improved control of
deliveries will enable growers to schedule deliveries to match crop water demands, reduce the need to
apply excess water to compensate for lack of control of irrigation deliveries, and reduce resulting
tailwater.
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Up to seven equipment staging areas (see Figure 2), approximately 16 acres total, would be used to store
materials during construction. Construction equipment is anticipated to include one front-end loader, one
excavator, one backhoe, two water trucks, and three pickup trucks. Access to construction sites would be
provided by existing paved and unpaved roads.
Construction is expected to begin in spring 2019 and be completed within approximately 10 months.
Work is anticipated to generally progress from north to south, although construction will also be
influenced by the irrigation schedule in the canals. Sections of the pipeline that are adjacent to canals
will be constructed at a time when the canals are not full of water, to avoid water seeping into the
construction area. Pipeline that is not adjacent to canals can be constructed when the canals are in use

1.1.1

Project Benefits

The District estimates the project would conserve 4,802 acre-feet per year (AFY) of surface water –
2,245 AFY from eliminating canal transmission losses and 2,557 AFY from improved flow
measurement and control (“water better managed” conservation). Piping canals is known to conserve
surface water by eliminating evapotranspiration from the canal water surface and from plants near the
canal and eliminating seepage of water from the canal into the material surrounding the canal.
Surface water conserved by the project would be available to serve: 1) District water users for
agricultural use and wildlife enhancement, thus reducing the need for groundwater pumping; 2) the Tule
Elk State Natural Reserve to support wetlands and groundwater recharge; and 3) dedicated groundwater
recharge facilities such as the Palms Groundwater Recharge Project.
Conserving surface water would reduce the District’s need to augment supplies by pumping
groundwater. Groundwater pumping is estimated to be reduced by 3,779 AFY (2,245 AFY from
eliminating canal transmission losses and 60 percent of the 2,557 AFY that would be conserved from
improved measurement and control [1,534 AFY]). The estimated elimination of canal transmission
losses and improved measurement savings are estimated to reduce power consumption by approximately
803,540 kilowatt hours per year, which is equivalent to an annual financial savings of $85,700 and an
annual reduction in carbon dioxide emissions of 659 tons. Historically, the District delivered surface
water for 2 to 3 months per year. In other months, irrigation water was supplied from deep wells. The
project would allow year-round delivery of surface water, further reducing groundwater pumping and
likely increasing the estimated benefits.
Deliveries through the pipeline system would allow growers to receive metered, on-demand delivery of
high-quality water, a water supply conducive to the use of modern on-farm application and scheduling
techniques. Water delivered from the pipeline will have enough residual pressure to eliminate the need
for on-farm booster pumps, which are currently required for areas that apply canal water through drip or
micro-sprinkler systems. Tailwater is also expected to be reduced for areas that apply water through
surface irrigation, because growers will be able to turn off deliveries at any time to avoid applying
excess water.

1.1.2

Project Location

The Project location is depicted on the Lokern California, and Buttonwillow, California 7.5’ U.S.
Geological Survey topographic quadrangle maps on Township 28S, Range 22E, Sections 25, 30, 31, 32,
and 33 and Township 29S, Range 23E, Sections 3, 4, 5, 6, 8, 9, 10, 16, and 17. The 7th Standard
Pipeline would begin 0.75 miles east-northeast (66 degrees) from the intersection of Milan Road and
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Imperial Street, and also approximately 50 yards east of the eastern end of Imperial Street, near the
intersection with Corn Camp Road, and terminate at the intersection of Corn Camp Road and Highway
58 (see Figure 1-1).

1.1.3

Area of Potential Effects

The Project consists of excavation of pipe trenches, staging areas and use of access roads. Pipe
corridors, which would include excavation of trenches and room for excavation equipment to maneuver,
would not exceed 50 feet in width. Trenches and their connections to turn outs would generally parallel
existing canals. The BOR has determined that the Area of Potential Effects (APE) consists of a vertical
APE with a maximum depth of 6 feet and a horizontal APE of 116.43 acres. The Project would include
six staging areas, each approximately 16 acres in size, for materials and equipment (see Figure 1-2).
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Figure 1-1.

Overview Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2a.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2b.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2c.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2d.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2e.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2f.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2g.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2h.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2i.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2j.

APE Map

Source: GEI Consultants, Inc., 2018
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Figure 1-2k.

APE Map

Source: GEI Consultants, Inc., 2018
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Chapter 2.
2.1

Cultural and Historical Context

Introduction

This chapter presents contextual background for the Project area, highlighting relevant information
regarding resources that might be identified in the APE.

2.1.1

Prehistoric Setting

The chronology constructed for the Sacramento Valley and Delta regions is often extended to the San
Joaquin Valley. This chronology, known as the Central California Taxonomic System (CCTS), divides
the prehistoric past into Early, Middle, and Late horizons, each defined more by artifact types and
frequency than chronological methods. The stylistic divisions of the CCTS were further defined and
incorporated with updated temporal information by Fredrickson, who proposed the Paleo-Indian,
Archaic, and Emergent periods, each with associated date ranges and diagnostic artifact and burial styles
(Fredrickson 1974, 1994).

The Paleo-Indian Period (11,550-8550 cal B.C.)
There is little evidence for terminal Pleistocene-early Holocene habitation in the San Joaquin Valley.
Changing climate at the end of the Pleistocene brought floods, which covered much of the Central
Valley with layers of alluvial soils that buried evidence of human occupation. People living in the San
Joaquin Valley during this time are thought to have been hunters and foragers, living in small groups
and travelling often from camp to camp in response to seasonal availability of resources. Sites are
expected to have been primarily located along lakesides (Fredrickson 1994).
In Tulare County, sites have been identified along the shoreline of the now-dry Tulare Lake,
approximately 40 miles north of the Project area. Concave base, fluted projectile points are one of the
diagnostic artifacts for the Paleo-Indian Periods. In Kings County, the Witt site (CA-KIN-32) contained
hundreds of concave base points and uncalibrated dates on nearby collected bone date to between 10,788
and 17,745 years ago (Rosenthal et al. 2007).

The Lower Archaic (8550-5550 cal B.C.)
The ancient shores of Tulare Lake are the nearest location for discovery of Lower Archaic period sites.
In this area, north of the Project, stemmed projectile points (e.g., Borax Lake, Lake Mojave, Silver Lake,
and Pinto point styles), chipped stone crescents, and bi-pointed “humpies” have been discovered
(Rosenthal et al. 2007). Lower Archaic period artifacts found within the San Joaquin Valley are often
found as isolates, without associated faunal bone or food processing tools, such as milling equipment.

The Middle Archaic (5550-550 cal B.C.)
Settlement patterns became more stable, especially along river corridors, towards the end of the Middle
Archaic period (Rosenthal et al. 2007). During the Middle and Upper Archaic periods, the Windmiller
Pattern was common throughout the Central Valley, extending south as far as Buena Vista Lake
(Rosenthal et al. 2007). This archaeological pattern is identified by burial style in which individuals
were interred in extended positions, oriented towards the west, and often buried with artifacts such as
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quartz crystals, red pigment (ochre or cinnabar), Olivella shell beads (particularly types A1a and L),
abalone (Haliotis) beads (type M) and pendants, stone pipes, charmstones, large, leaf-shaped projectile
points associated with the atlatl, bone tools (e.g., awls, needles, strigles), baked-clay net weights, and
ground stone tools (mortars, pestles, millingstones, and manos) (Moratto 1984).

The Upper Archaic (550 cal B.C. to cal A.D. 1100)
The Upper Archaic period began at roughly the same time as the Late Holocene, ushering in a period of
cooler, wetter conditions. More alluvium was deposited over the earlier archaeological sites as rivers and
lakes grew and flooded. Cultural diversity and complexity both developed during the Upper Archaic,
and new variation is seen in burial contexts, artifact styles, bead types, and ground stone tool forms.
While many sites dating to the Upper Archaic have been recorded in the Sacramento Valley and
northern San Joaquin Valley, very few have been found from the southern San Joaquin Valley where the
Project is located (Rosenthal et al. 2007).

The Emergent Period (cal A.D. 1000 to the Historic Era)
The Emergent Period was a time of economic diversity, including the expansion of trade networks, the
increased social inequity, and the introduction of clamshell disc beads as a kind of currency (Fredrickson
1994). The introduction of bow and arrow technology saw several new styles of small projectile points
developed; in the southern San Joaquin Valley, the most common of the new types were Cottonwood
style points.

2.1.2

Ethnographic Setting

The Project is situated in the ethnographic territory of the Southern Valley Yokuts, specifically the
Chuxoxi, who occupied the channels of the Kern River Delta (Wallace 1978). Neighboring Southern
Valley Yokuts tribes, all within the Tulare Lake Basin, included the Wowol, Yawelami, and Hometwali.
Cook estimates the population of the Southern San Joaquin Valley at 6,900 before European contact
(1955:44).
The Yokuts economy in the area depended heavily on fishing, waterfowl, and gathering shellfish, roots,
and seeds. Reflecting the importance of fish resources, fish were caught in different ways: fish were
dragged to shore by individuals on a tule raft using long nets attached to a pole; individuals would dive
with nets; use bottomless baskets; communal drives would steer fish into stick pens; a wide, flat tule
boat with a fishing hole in the center was used to spear fish; fish were also speared through holes cut in
natural tule mats formed on the lakeshore. Basket traps, poisons, the bow and arrow, and spearing
scaffolds were also used (Gayton 1948:14-15; Wallace 1978).
Another important resource was waterfowl. Various techniques were employed: snares and nets;
shooting waterfowl from tule rafts while camouflaged; spring poles with triggers; water skipping
arrows; and stuffed decoys. Eggs of waterfowl were harvested (Gayton 1948:15; Wallace 1978).
Mussels were gathered in large amounts and steamed on tule reeds. Turtles, which were roasted,
provided meat (Wallace 1978).
Plant resources were vital components of the diet and a wide variety of plant foods were used. Wild
seeds and roots were a large part of the diet; tule roots were gathered, dried, pounded, and used as a
flour (Gayton 1948:15; Wallace 1978). Tule, grass, and flowering herb seeds were gathered by using a
seed beater and basket. Grass nuts were roasted or made into a meal. Clover was an important food as
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was yellow mustard, fiddle-neck, and filaree (usually eaten with salt grass). Many plants were also used
as medicines. Acorns, the staple food for much of ethnographic California, was generally only available
to the Tachi (Gayton 1948:15-16; Wallace 1978).
Several types of structures were built by the Yokuts in the region. The most basic were single family
houses with oval floors and tule mats on a wooden frame. Communities arranged homes in a single row.
There were also long, steep-roofed communal houses used by the Southern Valley Yokuts, including the
Wowol, that could house up to 10 families. Interior space was partitioned by mats for individual
families. Domestic activities like cooking were done underneath a shaded porch at the front of the long
house. There was little in terms of furnishing inside the house, with family belongings hanging from
rafters (Gayton 1948:11-13; Wallace 1978).
Tule was an important resource for the Yokuts in the region. Tule was a necessary raw material in
basket weaving. Baskets were made in numerous shapes and had several uses. Some of the most
common forms were bowl shapes used as food containers, burden baskets, winnowing trays, seed
beaters, water bottles, and cradles (Gayton 1948:17-18; Wallace 1978).
There was no political unity between the various Southern Yokuts tribes. Local groups of about
350 individuals in associated villages made up politically autonomous units. Exact composition was not
standard, some groups made up of several villages, while others were only a single village. Villages
were stable and members tended to live at a village throughout the year. Groups would break up during
the spring, when smaller camps would be established, and move around the landscape to gather
resources (Wallace 1978).

2.1.3

Historic Context

Kern County
Kern County was established in 1866 and Bakersfield became the county seat in 1874. As early as the
1770s, Spanish explorers Don Pedro Fages and Father Francisco Garces passed through the region.
Father Zalvidea and Lt. Francisco Ruiz were part of another survey expedition in the early 19th century.
The first Americans to travel in the area were likely fur trappers Jedediah Strong Smith and Kit Carson
who entered the region in the 1820s and 1830s. In the mid-1840s, John C. Fremont led numerous
expeditions through the valley (Kern County Centennial Observance Committee 1966:9; Wallace W.
Elliott & Co.:102, 111–112).
In 1851, gold was discovered near the Kern River and gold mining became a dominant activity in the
county, especially in the mountains and the desert. Although mining remained important to the local
economy, many of the miners eventually settled in the flatlands and turned to agriculture as a more
suitable means of sustaining a living. Sheep and cattle were initially introduced to the area as much of
the terrain was inhospitable for crop farming (Kern County Centennial Observance Committee 1966:21,
23; Wallace Elliott & Co.:101, 109, 114). In time, the locals constructed small canals and ditches to
allow for farming. With irrigation improvements in place, farmers planted crops such as wheat, alfalfa,
and cotton, and agriculture soon became the primary driver of the economy. Later, settlers introduced
additional crops such as apples, wine grapes, potatoes, and nuts (Kern County Centennial Observance
Committee 1966:77; Morgan 1914:151).
By the 1860s, oil was discovered in the county. Small communities grew into the towns of Whiskey
Flat, later Kernville, Buttonwillow, Bakersfield, Oil City, Oil Center, and Oildale were founded near the
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oil fields. Further settlement was encouraged by the passage of the Desert Land Act of 1877 that
promoted the development of the arid lands of the west. The Southern Pacific Railroad laid tracks near
Bakersfield in 1877 and a few years later the San Francisco and San Joaquin Valley Railroad, later Santa
Fe Railroad arrived in the area. Starting in the 1930s, Kern County became home to thousands of settlers
who fled the Dust Bowl in the Midwestern United States (Morgan 1914:35). Agriculture and oil
remained a mainstay of the county through the 20th century. Presently, the economy of the county is
largely based on agriculture and petroleum extraction (Kern County Centennial Observance Committee
1966:117–118).

Irrigation
Cattle ranching and wheat farming were the predominant agricultural pursuits in the San Joaquin Valley
(Valley) in California’s early years of statehood as it required little irrigation. By 1880, surveys showed
that the Valley accounted for approximately 47 percent of irrigated farming in the state. Irrigation
systems were typically beyond the financial means of individual farmers and arrangements related to the
development of irrigation features were often made with the community and local institutions. These
generally fell into four categories, private water companies, land colonies, mutual water companies, and
irrigation districts representing the largest acreage and the most critical to the successful development of
large-scale irrigated agriculture in the state (JRP and Caltrans 2000:12–13).
To curb conflicts over California’s complicated water laws, the state legislature passed the Wright Act in
1887. The new law was intended to promote community values, small family-owned farms, and a
democratic control by water users (Hundley 1992:98). The Act authorized the creation of irrigation
districts, which were defined as special units of local government consisting of more than 50 people, or
a majority of the local landowners. The Act also provided the irrigation districts with the power of
eminent domain, power to overcome riparian rights by condemnation suits, and the ability to sell bonds
to finance the purchase of water rights and the construction of irrigation features (Bean and Rawls
1983:207). Within two years, California was the nation’s leader in irrigated agriculture. Nonetheless,
irrigation districts faced considerable barriers from large, litigious landowners (Hundley 1992:99, 101).

Irrigation in the San Joaquin Valley
The Valley contains the southern two-thirds of California’s Central Valley. Irrigation transformed the
Valley landscape and created one of the nation’s most productive agricultural region (Galloway and
Riley 1999:23). During the 1850s and 1870s, most settlers in the Valley were not interested in irrigated
agricultural as they were concentrating on cattle ranching or dry wheat farming. Cattle barons Miller and
Lux amassed a vast amount of land in the Valley for their cattle ranching empire that included largescale irrigation of 150,000 acres of their 700,000 acres, for pasturage (JRP and Caltrans 2000:19–20).
By the early 20th century, much of the flow of the Kern River was redirected through canals and ditches
and by 1910 all the surface-water supplies in the Valley was diverted, which resulted in the development
of ground-water resources. These wells gradually depleted the water levels, which then led to the
requirement of pumps to bring the water to the surface. By 1955, nearly one-fourth of the total ground
water obtained for irrigation in the U.S. was pumped in the Valley, a trend that continued into the 1960s.
With the completion of federal and state projects, including the Delta-Mendota Canal, Friant-Kern
Canal, and the California Aqueduct, cheaper water was available to irrigate agricultural crops (Galloway
and Riley 1999:23–24, 27–29).
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Buena Vista Water Storage District
Miller & Lux preferred a separate water district despite the 1920 recommendation of the State Engineer
(Giefer 1967:78). In 1922, a petition was filed to create the BVWSD under the 1921 California Water
Storage District Act. At the time of the petition the district included 125,890 acres. In 1923, the state
concluded that as proposed, the BVWSD did not meet a reasonable standard of feasibility, practicality,
and utility. After a 1924 survey of the land by the state, Miller & Lux’s attorney, and their
superintendent, Miller & Lux agreed to remove the land north of Wasco Road from the district because
their superintendent agreed that the alkali content of the land made it non-irrigatable. The petition was
approved in 1924 (Giefer 1967:87–89). The BVWSD was organized to achieve flood control, drainage,
and irrigation of the land northwest and southeast of Buttonwillow. When it was created the BVWSD
overlapped with Reclamation District 2055 (Bonte 1930:215; BVWSD 2017). Miller & Lux linked
water rights to their land within District 2055 so that future sales could be made. They also exchanged
bonds with District 2055 for their existing canals and sold other bonds for the construction of future
canals (Giefer 1967:90–91).
Today, the BVWSD controls an average entitlement of approximately 130,000 AF/yr of surface water
from the Kern River. Additionally, it has entitlements of approximately 21,000 AF/yr from the SWP
(BVWSD 2017). BVWSD has improved the canals and ditches that were originally constructed by
Miller & Lux and developed new facilities over time for the surrounding agricultural purposes. Most of
these water features are earthen and have concrete turnouts and gates added as necessary. The drains,
ditches, and canals in the APE were constructed between circa 1912 and circa 1957. The structures
maintained by BVWSD are shaped twice a year and excavated between every five and ten years.
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Chapter 3.
3.1

Inventory Methods and Results

Records Search

On April 23, 2018, GEI Consultants, Inc. (GEI) archaeologist Karen Gardner, RPA, conducted a records
search of the APE and a surrounding ½ mile radius at the Southern San Joaquin Valley Information
Center (SSJVIC). The records search included a review of SSJVIC’s USGS 7.5-minute topographic base
maps indicating previously conducted investigations and previously reported cultural resources,
Department of Parks and Recreation (DPR) 523 forms, and California Historic Landmarks
documentation.
The records search identified seven cultural resources within ½ mile of the project APE, but none within
the APE (Table 3-1). Seven previous studies have been conducted within ½ mile of the project APE
(Table 3-2).
Table 3-1.
Resource No.

Previously Identified Cultural Resources within ½ Mile of Project APE
Trinomial

KER-PRO-0001

Age

Notes

RF Barnett Burial –
Burial mound

Description

Prehistoric

Burial mound including
six skeletons and
associated artifacts,
description based on
1917 newspaper article
about excavation.

P-15-000087

CA-KER-087

Indian Burial Mound

Prehistoric

Very minimal
documentation

P-15-000324

CA-KER-324

Cemetery on low knoll

Prehistoric

Previously levelled.
Included at least 2-3
burials and associated
artifacts.

P-15-013717

CA-KER-7698H

Historic

Segment of West Side
Canal, constructed
~1880.

P-15-016986

CA-KER-9369

Prehistoric

Sparse lithic scatter,
ground stone, faunal
bone, possible camp
site.

West Side Canal

Lithic Scatter

P-15-016992

Canal 17

Historic

Segments of Canal 17
connecting to Belridge
Ditch and Canal 18.

P-15-016993

Canal 18

Historic

Constructed between
1931 and 1954.
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Table 3-2.
Report No.

Reports of Previous Work within ½ Mile of Project APE
Year

Author

Title

Affiliation

Archaeological Survey Report for Category 4B and 5
projects: 07-KER-58, PM 24.8/28.8

California
Department of
Transportation

Supplement to: Archaeological Evaluation for the
Proposed Belridge Field Cogeneration Plant, Kern
County, California

Bakersfield College

Cultural Resources Inventory South Belridge
Cogeneration Project Application for Certification

Woodward-Clyde
Consultants

KE-00751

1981

O’Connor, Denise,
and Clayton, AB.

KE-01089

1982

Schiffman, Robert A.

KE-01813

1985

Uli, Jim

KE-02323

1999

Demos-Petropoulous,
Cultural Resources Inventory Report for the AT&T
Francine, McGowan, Corp. Cable Upgrade Project, Los Angeles, Kern, and
Dana, Scott, Barry,
San Luis Obispo Counties, California
O’Brien, Teresa,
Norton, Bill, and
Rause, Wendy

KE-03777

2010

Palm-Leach, Laura,
Cultural Resources Inventory of Caltrans District 6
Far Western
Brandy, Paul, King,
Rural Conventional Highways in Fresno, Western Kern,
Anthropological
Jay, Mikkelsen, Pat,
Kings, Madera, and Tulare Counties Summary of
Research Group, Inc.
Seil, Libby, Hartman,
Methods and Findings
Lindsay, Bradeen,
Jill, Larson, Bryan,
Freeman, Joseph,
Costello, Julia,
Rosenthal, Jeffrey,
and Jones, Deborah

KE-04174

2011

Cohen, David R.

KE-04643

2013

Akyüz, Linda, and
Ruzicka, Denise

3.2

Jones & Stokes
Associates, Inc.

Cultural Resources Records Search and Site Visit for
Anthem Telecom Candidate “Buttonwillow”, 1848
Highway 58, Buttonwillow, Kern County, California

Michael Brandman
Associates

Paleontological and Cultural Resources Phase 1
Assessment for the Buena Vista Water Storage District
Northern Area Project, Kern County, California

ArchaeoPaleo
Resource
Management, Inc.

Archival Research

GEI’s architectural historians conducted archival research at the California History Room of the
California State Library, David Rumsey Historical Map Collection, Kern County Assessor-Recorder’s
Office’s website, Nationwide Environmental Title Research, LLC’s (NETR) online collection of aerial
photography and topographic maps, U.S. Geological Survey (USGS) Topographic Map Explorer, and
GEI’s cultural resources library. This research was used to identify important trends in history,
significant persons, and engineering information, and to develop the historic context.

3.3

Native American Consultation and Coordination

On May 31, 2018, BOR sent letters to the Tejon Indian Tribe, Tule River Indian Tribe, and Kern Valley
Indian Council soliciting information regarding knowledge of or concerns with cultural resources that
may be eligible for listing the National Register of Historic Places (NRHP) in the proposed project area.
To date, BOR has not received any responses.

GEI Consultants, Inc.
Inventory Methods and Results

3-2

Cultural Resources Report for the 7th Project
Buena Vista Water Storage District

3.4

Historical Societies Correspondence

On April 26, 2018, GEI sent a letter to the Kern County Historical Society asking for information on
known cultural resources in the APE. On May 18, 2018, Stephen Montgomery phoned GEI to discuss
historic resources in the project area. The phone call was followed by an email to GEI’s architectural
historian, Patricia Ambacher, with copies to several individuals including Stephanie K. Meeks of the
National Trust for Historic Preservation, Twila Willis-Hunter, executive secretary to the State Historic
Preservation Officer (SHPO), and Beth Edwards Harris, board member of California Preservation
Foundation. In his email, Montgomery identified a property, but he had no information about the
property except for the address, parcel number, and owner’s name. GEI responded to his email thanking
him for the information, but because the property is outside the APE it would not be evaluated as part of
the regulatory process. Copies of all correspondence is in Appendix A.

3.5

Desktop Geoarcheological Sensitivity Assessment

A GEI geoarchaeologist conducted a desktop study to document the soils and geologic context of the
Project area to understand the sensitivity for deeply buried cultural resources.

3.5.1 Background to Geoarchaeological Investigations
The potential for archaeological sites to occur as surface or buried components is inherently linked to the
age and evolution of a landform. Because they were available for settlement throughout the known
human prehistory of the area, Late Pleistocene (approximately 100,000 to 115,000 years ago [ka]) and
older landforms have a higher probability for surface archaeological sites than do younger landforms.
Episodes of erosion during the Holocene (~last 11.5 ka,) have had a greater cumulative impact on older
landforms and associated archaeological deposits than more recent landforms. Conversely, Holocene
depositional landforms are composed of sediments and soils that accumulated and formed throughout
the period of known human occupation in the San Joaquin Valley, and thus have good potential for
containing buried cultural resources (e.g., high archaeological sensitivity). Finally, impacts of
construction and development can negatively impact landforms and associated cultural resources of
various ages.
The geomorphic processes of landscape evolution create a mosaic of sediment-landform assemblages
with varying potential to contain buried archaeological sites. Deciphering this mosaic is critical to
establishing an understanding of regional-scale geoarchaeological potential for cultural resources
occurring in relatively large settings such as the Project area. Such knowledge is of use to cultural
resource managers for understanding potential impacts of construction and development along the
Project area and where to focus further investigations and/or monitoring efforts.
Human settlement—prehistoric and historic—occurs on a dynamic landscape and understanding the
evolution of landforms has implications towards understanding archaeological sensitivity. The degree of
soil development is directly related to the age and geomorphic history of landforms. Subsurface B
horizon properties (i.e., reddening, clay accumulation, pedogenic carbonates) typically become more
strongly developed through time and are good indicators of the relative age of landforms. Therefore,
landforms with strongly developed surface soils often have lower potential for containing buried
archaeological components than do landforms with weakly developed surface soils (an important
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exception being recently eroded older landforms). Energy and mode of deposition influence whether the
primary context of an archaeological assemblage will survive burial processes.
The bulk of the deposits along the APE are derived from alluvial processes, and grain size (e.g., gravel,
sand, silt, clay) is a good relative indicator of depositional energy. Finer-grained overbank deposits
composed of clay, silt, and sand are derived via lower energy than are channel deposits; the finergrained deposits thus have higher potential for containing in situ archaeological components than do
channel deposits. Moreover, alluvial landforms are typically characterized by relatively brief periods of
deposition with geomorphic surfaces, one stabilized, available for human occupation. Ongoing work in a
variety of settings throughout central California demonstrates the relationship between Holocene
landforms, buried soils, and buried archaeological components (Meyer and Rosenthal 2008; Meter et al.
2010; Rosenthal and Meyer 2004).
The project APE lies within the area which was once the Buena Vista Slough, a marshy zone which
connected Tulare Lake, 35 miles to the north, and Buena Vista Lake, 16 miles to the southeast.
Prehistorically, this stretch was a thoroughfare for seasonal harvesting of lacustrine resources and for
trade between the Southern Valley Yokuts tribes (Gifford and Schenck 1926). As part of the U.S. Army
surveys of California between 1849 and 1951, the southern San Joaquin Valley (then called the Tulares
Region) was surveyed and mapped by Lt. George H. Derby, who observed that, “with the exception of a
strip of fertile land upon the rivers emptying into the lakes from the East (Buena Vista Slough) it is little
better than a desert. The soil is generally dry, decomposed, and incapable of cultivation” (Anderson and
Anderson 2015:144). This narrow stretch of fertile soil was claimed by Henry Miller and Charles Lux,
as part of their cattle empire, in the latter nineteenth century. Miller and Lux used the land as pasturage
to produce alfalfa, grain, and hay (Miller and Lux 1920; Morgan 1914). Following the turn of the
century, some parcels were sold, but remained in cultivation (Miller and Lux 1920, Morgan 1914).

3.5.2 Physical Setting
The Project area is located at the southern end of the San Joaquin Valley, northeast of the Tremblor
Range and approximately 35 miles southeast of Tulare Lake.
The surface geologic and soil mapping in the Project area vary from modern to Quaternary, <2.6 Million
years ago (Figures 3-1 and 3-2). Digital data from previous geologic mapping at the 1:750,000 scale
classifies deposits in the immediate Project area entirely as Quaternary alluvium (Q) (Figure 3-1
Table 3-4).
Table 3-4.

Summary of Geologic Mapping Units in the Project APE1

Mapping Unit
Q

Age
Pleistocene-Holocene

Description
Alluvium, lake, playa, and terrace deposits

Notes:
1
Based on Jennings (1977)

The National Resource Conservation Service (NRCS) soil mapping database (2009) indicates soils in
the Project area are uniform in age and depositional setting (Figure 3-2 Table 3-5). Age estimates are
based entirely on Meyer et al. (2010). The Buttonwillow and Lokern mapping units are associated with
Holocene landforms occurring in basin settings.
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Table 3-5.

Summary of Soil Mapping Units in the Project Area

Mapping Unit

Suborder

Geomorphic Context

Age1

Buttonwillow

Fluvents

Basin Floors

Latest Holocene

Lokern

Fluvents

Basin Floors

Latest Holocene

Notes:
1
Ages based on Meyer et al. (2010)

3.5.3 Desktop Sensitivity Study
A desktop study of the geoarchaeological potential of the APE was conducted with available geologic
and soils mapping of the area. Preliminary geologic mapping is presented at the 1:250,000 scale (Smith
1964). Online NRCS soils data are useful for gaining an initial understanding of archaeological potential
at the landscape scale. The NRCS data include descriptions of soil morphology, as well as information
about parent material origin, lithology, and landform associations. The utility of the NRCS soil mapping
data in the Project area is augmented by Meyer et al. (2010), who provide radiocarbon age estimates for
soil orders in the San Joaquin Valley, including those occurring along the Project area.

3.6

Survey Methods

GEI archaeologists Karen Gardner, RPA, and Julie Minor-Sage conducted a pedestrian survey, to
intensive levels, on April 24, 25, and 26, 2018, including all areas except those east of the Snow Road
and Corn Camp Road intersection. GEI archaeologists, Karen Gardner, and Jesse Martinez, RPA,
completed the pedestrian survey in these eastern locations on June 19, 2018.
All built environment resources 45 years old or older were recorded using digital photography on June
21, 2018.

3.7

Survey Results

The Project APE consists of agricultural land, canals, and improved dirt roads.

3.7.1

Archaeological Resources

Visibility was excellent in all areas within and adjacent to roads, and only somewhat obscured within
plowed fields in the APE buffer. Six isolated artifacts were identified within the APE: five pieces of
debitage (see Figures 3-1–3-4 and 3-6) and one pestle (see Figure 3-5). Following is more detail on each
resource.
Table 3-6.

Archaeological Cultural Resources Identified within Project APE

Resource No. Resource Type

Material

Notes

Iso-1

Debitage

Temblor chert (CCS), white

Partially cortical, crushed platform,
step termination. 44mm x 30mm x 5
mm.

Iso-2

Debitage

Temblor chert (CCS), red

Core reduction flake. 31mm x 27mm
x 4mm.

Iso-3

Debitage

Temblor chert (CCS), light grey-brown

Tertiary reduction flake, little cortex.
22mm x 20mm x 4mm.

Iso-4

Debitage

Temblor chert (CCS), caramel/grey variegated

Tertiary flake. 47mm x 44mm x 7mm.
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Iso-5

Pestle

Iso-6

Debitage

Figure 3-1.

Igneous

Crude pestle, polish on one rounded
long side, pecking on both ends,
possibly shouldered. 158mm (length)
x 75mm (width) x 35mm (polished
side) x 51mm (crude side).

Temblor chert (CCS), red

Tertiary flake, possible road shatter.
29mm x 25mm x 6mm.

Iso-1, debitage, dorsal view
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Figure 3-2.

Iso-2, debitage, ventral view
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Figure 3-3.

Iso-3, debitage, ventral view
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Figure 3-4.

Iso-4, debitage, ventral view
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Figure 3-5

Iso-5, possible crude pestle
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Figure 3-6.

Iso-6, debitage, ventral view
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3.7.2

Built Environment Resources

Nine built environment resources, 45 years old or older, were identified during the built environment
field survey. They are described below. Evaluation statements are in Chapter 4.

Palomas Drain
The Palomas Drain was constructed circa 1957. It is an earthen ditch with an approximately 4 foot south
bank and 6 foot north bank, and is approximately 10 feet wide. At the time of survey there was no water
in the ditch (see Figure 3-7). The ditch is surrounded by agricultural fields.
Figure 3-7.

Palomas Drain

Camera facing west
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School House Canal
The School House Canal is an unlined, earthen canal. It has an approximately 6-foot-deep embankment
on the west side and an 8-foot-deep embankment on the east side with one embankment higher than the
other. It is approximately 15 feet wide and tapers to the north. At the time of survey, the canal was filled
with water (see Figure 3-8). The portion of the canal in the APE has no turnouts. Plowed fields surround
the ditch.

Figure 3-8.

School House Canal

Camera facing northwest
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Angelo Ditch
The portion of this earthen ditch that is in the project APE is approximately a ½ mile long and 6 feet
wide with 9-foot embankments. It travels in a north/south direction and is surrounded by agricultural
fields. There are three concrete, vertical screw lift turnouts along the canal, two towards the north and
one at the south. The ditch was dry at the time of survey (see Figure 3-9).
Figure 3-9.

Angelo Ditch

Camera facing northeast
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24705 7th Standard Road (APN 100-040-01)
This parcel contains a Ranch style house with a complex plan constructed in 1958. At the time of
survey, the residence featured a gable and hipped roof partially under reconstruction because there was
no roof cladding on the gable portion of the roof. The remaining roofing material was rolled asphalt
shingles and was not completely intact. Beneath the gable was a wood frame room, again under
reconstruction. The remaining portion of the house was clad in stucco and wood. Fenestration consisted
mostly of aluminum sliding windows. Not all window openings contained glazing. Entrances are all
single-entry and at the time of the survey, there were no doors on the entrances (see Figure 3-10 and 311).

Figure 3-10.

24705 7th Standard Road

Camera facing southeast
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Figure 3-11.

24705 7th Standard Road

Camera facing north
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Baker Ditch
The Baker Ditch appears to have been constructed as early as circa 1934. At the time of survey, the
northern portion of the ditch was filled with water and the southern portion was dry. The ditch is
estimated to be 6 to 8 feet deep and at its widest point measures approximately 15.5 feet. The southern
section is shallower and was built in recent years (see Figure 3- 12). There are several concrete, vertical
screw lift turnouts along the canal (see Figure 3-13, and 3-14).

Figure 3-12.

Baker Ditch

Camera facing west
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Figure 3-13.

Baker Ditch – Turnout

Camera facing west
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Figure 3-14.

Baker Ditch

Camera facing west
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East Side Canal (P-15-13725 [formerly P-15-16998])
A small portion of the East Side Canal is in the APE near Palomas Drain. The canal is an unlined,
earthen feature that is approximately 30 feet across with 18-foot banks. It was full of water at the time of
survey and is surrounded by agricultural fields (see Figure 3-15).
Figure 3-15.

East Side Canal

Camera facing southeast
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Ditch 14
Ditch 14 is an earthen ditch that travels in an east/west direction. It is approximately 0.40 miles long, 8
feet deep, and 12 feet wide (see Figure 3-16). Two concrete siphons carry water under Corn Camp Road
and there is also a vertical screw lift turnout on its north embankment with a metal trash rack (see Figure
3-17). The canal was dry at the time of survey.
Figure 3-16.

Ditch 14

Camera facing west
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Figure 3-17.

Ditch 14

Camera facing north
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Eighty Foot Canal
This canal was filled with water at the time of survey (see Figure 3-18). The portion of the ditch in the
APE is approximately ½ mile long, 25 feet wide, and has 22 feet embankments flanking it. There are no
turnouts on the canal for the portion in the APE. The ditch is surrounded by agricultural fields.
Figure 3-18.

Eighty Foot Canal

Camera facing
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1921 Corn Camp Road (APN 100-190-01)
Located on this parcel are two outbuildings one of which does not appear to be 45 years old or older and
therefore will not be discussed further in this document. The other structure appears to have been built
about 1952. It is a corrugated metal building with a gable roof. On the roof’s ridgeline are three vents.
Windows are steel frame with nine pane casement windows. Entrances include sliding barn-style doors
(all elevations) and a single-entry door (east elevation) (see Figure 3-19).
Figure 3-19.

1921 Corn Camp Road

Camera facing northeast

GEI Consultants, Inc.
Inventory Methods and Results

3-24

Cultural Resources Report for the 7th Project
Buena Vista Water Storage District

Chapter 4.

4.1

National Register of Historic
Places Eligibility Statements

National Historic Preservation Act Section 106

The studies described in this report were conducted in compliance with Section 106 of the National
Historic Preservation Act of 1966 (Section 106) and its implementing regulations 36 Code of
Regulations Part 800, as amended. Section 106 requires that federal agencies and entities that these
agencies fund or permit, consider the effects of their actions on properties that are listed in the NRHP, or
that may be eligible for such listing. To determine whether an undertaking could affect NRHP-eligible
properties, cultural resources (including archaeological, locations of sacred importance to Native
Americans, historical, and architectural properties) must be inventoried and evaluated. Although
compliance with Section 106 is the responsibility of the lead federal agency, others can conduct the
work necessary for compliance such as in the case of this study.
The Section 106 review process consists of four steps:
1. Initiate the Section 106 process by establishing the undertaking, developing a plan for the public
involvement, and identifying other consulting parties.
2. Identify historic properties (resources that are eligible for inclusion in the NRHP) by determining
the scope of efforts, identifying cultural resources within the area potentially affected by the
project, and evaluating properties’ eligibility for NRHP inclusion.
3. Assess adverse effects by applying the Section 106 criteria of adverse effect to identified historic
properties.
Resolve adverse effects by consulting with the SHPO and other consulting agencies, including the
Advisory Council on Historic Preservation if necessary, to develop an agreement that addresses the
treatment of historic properties.

4.1.1

NRHP Evaluation Criteria

The NRHP is the nation’s master inventory of known historic resources. It is administered by the
National Park Service (NPS) in consultation with the SHPO. The NRHP includes listings of buildings,
structures, sites, objects, and districts that possess historic, architectural, engineering, archaeological, or
cultural significance at the national, state, or local level. The NRHP criteria and associated definitions
are outlined in the National Register Bulletin How to Apply the National Register Criteria for
Evaluation (NPS 1997). The following is a summary of that bulletin.
Properties (structures, sites, buildings, districts, and objects) more than 50 years of age can be listed in
the NRHP provided they meet one of the evaluation criteria described below; however, properties less
than 50 years of age that are of exceptional significance or are contributors to a district, that also meet
the evaluation criteria, can be included in the NRHP.
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The NRHP uses four criteria under which a property can be considered significant for listing.
A. Properties associated with events that have made a significant contribution to the broad patterns of
history
B. Properties associated with the lives of persons significant in our past
C. Properties that embody the distinctive characteristics of a type, period, or method of construction,
or that represent the work of a master, or that possess high artistic values, or that represent a
significant and distinguishable entity whose components may lack individual distinction
D. Properties that have yielded or may likely yield information important in prehistory or history
Properties can be listed individually or as contributors to a historic district.
In addition to meeting one of the evaluation criteria, a property must also retain integrity to convey that
significance. Although the evaluation of integrity is sometimes subject to judgement, it must always be
grounded in an understanding of the property’s physical features and how they relate to its significance.
The NRHP recognizes seven aspects of integrity, which are listed below.


Location: The place where the historic property was constructed or the place where the historic event
occurred.



Design: The combination of elements that create the form, plan, space, structure, and style of a
property.



Setting: The physical environment of a historic property.



Materials: The physical elements that were combined or deposited during a particular period of time
and in a particular pattern or configuration to form a historic property.



Workmanship: The physical evidence of the crafts of a particular culture or people during any given
period in history or prehistory.



Feeling: A property’s expression of the aesthetic or historic sense of a particular period of time.



Association: The direct link between an important historic event or person and a historic property.

4.2

National Register of Historic Places Evaluations

All archaeological resources identified were isolates, and therefore lack context. No evaluation is
required.
Nine resources in the APE were evaluated for NRHP significance. Evaluation statements are below.
Additional information on these resources can be found in the DPR 523 forms (Appendix B).
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4.2.1

Built Environment Resources

Palomas Drain
The Palomas Drain does not appear to meet the criteria for the NRHP or the California Register of
Historical Resources (CRHR) as an individual resource or as a contributor to a larger irrigation system.
Also, no potential historic district was identified to which the canal could be a contributor. By the early20th century, much of the flow of the Kern River was diverted through canals and ditches to irrigate
crops. The Palomas Drain was created circa 1957, years after irrigation ditches and systems were
already in place in Kern County and the San Joaquin Valley (NETR 2018). Research does not support
that the canal had a direct association with a significant event or pattern of history such as the
development of agricultural in Kern County, which is a significant industry in the county. By the time
Palomas Drain was constructed, irrigation practices were firmly established in the region and this canal
does not appear to be significant within the context of irrigation. Therefore, it does not appear to meet
NRHP/CRHR Criterion A/1 individually or as part of a larger irrigation system. The earliest known
owner was Miller & Lux, who were associated with the land as early as 1898, but the resource has no
direct association with these significant individuals and therefore does not appear to meet NRHP/CRHR
Criterion B/2 (Congdon 1898). As an engineered structure, the canal is also not an important example of
its type, period, or method of construction. Rather it is a common example of a machined irrigation
canal and it was not designed by a master engineer or constructed by a master builder. In consideration
of all elements of NRHP/CRHR Criterion C/3, this canal does not appear significant. Lastly, under
NRHP/CRHR Criterion D/4 the canal is not an important source of information as required for a built
environment resource and does not appear to meet this criterion.
Although the Palomas Drain does not appear significant it retains integrity of location because it is has
not moved. The drain retains integrity of design because it is an open, earthen ditch and continues to
reflect its historic function. Its setting is not altered because it continues to be surrounded by fields and
its rural feeling and association are retained. Integrity of materials is retained because it remains an
open, earthen ditch. Integrity of workmanship is not an important aspect of integrity for this property
type because as a ditch it does not display evidence of a craft of a particular culture.
In summary, the Palomas Drain does not appear to meet the criteria for the NRHP or the CRHR as an
individual resource or as a contributor to a larger irrigation system. Furthermore, no historic district was
identified for which this resource might be a contributor.

School House Canal
This segment of canal is part of the School House Ditch/Canal that was evaluated by GEI in February
2018, for the purposes of the Northern Area Pipeline Southeast Extension Project (Reclamation Project
#16-SCAO-172) in an area slightly north of the current Project. SHPO concurred with that evaluation
that the ditch/canal is not eligible for the NRHP/CRHR as an individual resource or as a contributor to a
district. For this current project, GEI reassessed the portion of the canal in the APE and found no new
information that would result in a re-evaluation of the canal to warrant reconsideration of the canal’s
eligibility status.
Although SHPO has already concurred that this is not a historical resource and does not meet any of the
NRHP or CRHR criteria, it does retain integrity. It has lost integrity of location because it has been
realigned and does not entirely follow its historic route. Canals maintained by BVWSD, such as this
canal, are shaped two times each year and excavated between every five and ten years. Therefore, this
canal has also lost integrity of design. It retains integrity of materials because it is still an earthen ditch.
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It also retains setting, feeling and association because it is in a rural, agricultural setting just as it was
historically. Integrity of workmanship is not an important aspect of integrity for this property type
because as a ditch it does not display evidence of a craft of a particular culture.
In summary, the School House Canal does not appear to meet the criteria for the NRHP or the CRHR as
an individual resource or as a contributor to a larger irrigation system. Furthermore, no historic district
was identified for which this resource might be a contributor.

Angelo Ditch
The ditch was constructed circa 1934, well after the peak of irrigation efforts in Kern County (NETR
2018). Research did not reveal that the ditch played a direct association with the agricultural
development of the region, which was aided by irrigation efforts beginning in the 1870s. Therefore, the
ditch does not appear to meet NRHP/CRHR Criterion A. Under NRHP Criterion B research also did not
reveal that the ditch has a direct association with individuals who made significant contributions to
history. As an engineered structure, the ditch is a modest example of an irrigation feature and lacks
distinctive characteristics. It is a common example of a ubiquitous property type found throughout Kern
County. It was not engineered by a master in the field and does not appear to meet NRHP/CRHR
Criterion C/3. Lastly, the ditch is not the sole source of important information as required by a built
environment resource and does not appear to meet NRHP/CRHR Criterion D/4.
The Angelo Ditch does not appear significant, but it does retain some aspects of integrity. Its location is
intact, and it has also retained integrity of setting, feeling, and association because it is in its original
rural setting. Because it is still an earthen ditch it has retained its integrity of materials. It has lost its
integrity of design because as a ditch maintained by BVWSD, it is shaped two times each year and
excavated between every five and ten years. Integrity of workmanship is not an important aspect of
integrity for this property type because as a ditch it does not display evidence of a craft of a particular
culture.
In summary, the Angelo Ditch does not appear to meet the criteria for the NRHP or the CRHR as an
individual resource or as a contributor to a larger irrigation system. Furthermore, no historic district was
identified for which this resource might be a contributor.

24705 7th Standard Road (APN 100-040-01)
The residence at 24705 7th Standard Road does not appear to meet the criteria for the NRHP or the
CRHR. The area surrounding the residence has historically been used for agricultural purposes, a wellestablished practice by the time this residence was built in 1958 (Kern County Assessor-Recorder
2018g). The residence has no direct associations with significant events or trends in history and does not
appear to meet NRHP/CRHR Criterion A/1. Research revealed little about the owner/occupants. The
earliest land owner was H. Stebbins who is listed on a property atlas from 1898 (Congdon 1898).
Research did not reveal who the owner was in 1958, when the residence was built. In 2009, Russell L.
and Bonnie M. Davis were associated with the parcel, but that same year they sold it to the San Joaquin
Land & Cattle Company. That company sold it in 2012 to Jason Albert Ghilarducci and Amber Dawn
Ghilarducci (Kern County Assessor-Recorder 2018b, 2018e). It does not appear that the known
individuals associated with the residence were significant in history under the eligibility requirements
for NRHP/CRHR Criterion B/2. Architecturally, this residence lacks unique characteristics. It is a
modest example of the Ranch architecture. This was a popular mid-20th century style especially for postWorld War II residential construction. This example lacks architectural distinction and was not designed
GEI Consultants, Inc.
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by a master architect. In consideration of all elements of NRHP/CRHR Criterion C/3, this property does
not appear to meet the criterion. As a built environment resource, it is not the sole source of important
information to history and does not appear to meet NRHP/CRHR Criterion D/4.
In addition to not appearing eligible this property only retains integrity of location, setting, feeling and
association. But, it has lost integrity materials and likely design, which if this property was significant
and met the NRHP/CRHR criteria, would be the important aspects of integrity for such a property type.
Because the house is under a reconstruction much of its original materials were removed and new ones
will be introduced. It also has replacement windows because residences of this time period typically had
wood-frame windows. Workmanship is not an important aspect of integrity for a mid-century Ranch
house that was not designed by a notable Mid-Century Modern architect.
In summary, this residence lacks historical and architectural significance.

Baker Ditch
Based on historic maps the Baker Ditch appears to date to circa 1934 with additions to its southern end
made after 1968 (the 50-year cut off). The ditch does not appear to meet NRHP/CRHR Criterion A/1 as
an individual resource or as part of a larger irrigation system. This ditch was constructed well after
irrigation practices took hold in the region. Research did not reveal that this ditch played an important
role in the agricultural development of Kern County. According to an 1898, the earliest land owners
were Miller & Lux, but the ditch does not appear to meet NRHP/CRHR Criterion B/2 because there is
no direct association with important individuals (Congdon 1898). Under NRHP/CRHR Criterion C/3 the
resource is not an important example of an engineered structure. It was built with common practices and
techniques and does not represent the work of a master engineer. Therefore, it does not appear to meet
this criterion. Under NRHP/CRHR Criterion D/4 it does not appear eligible because it is not the source
of important information in history.
The Baker Ditch does not appear eligible and has lost some aspects of integrity. It has retained most of
its integrity of location because only a portion of it was realigned. Because it is still an earthen ditch it
has retained its integrity of materials. It remains in a rural area, so it has retained integrity of setting,
feeling, and association. It has lost its integrity of design because as a ditch maintained by BVWSD, it is
shaped two times each year and excavated between every five and ten years. Integrity of workmanship is
not an important aspect of integrity for this property type because as a ditch it does not display evidence
of a craft of a particular culture.
In summary, despite retaining some aspects of integrity the Baker Ditch does not appear to meet the
criteria for the NRHP or the CRHR as an individual resource or as a contributor to a larger irrigation
system. Furthermore, no historic district was identified for which this resource might be a contributor.

East Side Canal (P-15-13725 [formerly P-15-16998])
Portions of the East Side Canal have been previously inventoried and evaluated. A segment of the East
Side Canal located where the canal intersects State Route 58 in Kern County was inventoried in April
2009, by JRP as part of a reconnaissance-level survey for the Caltrans District 9 Rural Conventional
Highways in Inyo and Mono Counties Project (JRP 2009:1). In July 2009, ESA recorded another section
of the canal, located on the Tupman USGS Quad, T30S, R24E, Sections 2 and 11, as part of the Phase I
Cultural Resources Assessment for the West Kern Water District Project (ESA 2009:1).
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In December 2012, JRP inventoried and evaluated portions of the BVWSD system, including the East
Side Canal, as part of the Hydrogen Energy California (HECA) Project. The portion of the East Side
Canal evaluated was from the Outlet Canal, south of the Old Headquarters Weir, northward to just south
of Highway 58, and from East Side Canal to just west of Tracy Lane (JRP 2012:1). JRP’s evaluation
recommended that the East Side Canal was not eligible under any of the NRHP/CRHR criteria and
lacked integrity to any historical period of significance because of regular realignment, reshaping, and
replacement of control structures (JRP 2012:24).
In January 2013, ArcheoPaleo Resource Management Inc. (ArcheoPaleo) inventoried and evaluated
segments of the East Side Canal, located between the Semitropic Canal to south of Canal 8 from the
Lerdo Highway to Milan Road and from north of Perral Road to Canal 17, and as part of the
Paleontological Resources and Cultural Resources Phase I Assessment for the Buena Vista Water
Storage District Area Project. The evaluation only applied the CRHR evaluation criteria and stated that
the canal met CRHR Criteria 1 and 3, but because of a lack of integrity the canal was not eligible
(ArcheoPaleo 2013a:2).
In September 2013, Compass Rose Archaeological, Inc. (Compass Rose) inventoried a portion of the
canal as an Update. The section inventoried was on the Buttonwillow USGS Quad, T29S, R23E,
Sections 24 and 19. The Update was part of the Improvements to Elk Hills Road, Skyline Road to State
Route 58 Project (Compass Rose 2013:1).
In February 2018, GEI reassessed the canal for the purposes of the Northern Area Pipeline Southeast
Extension Project (Reclamation Project #16-SCAO-172) in an area slightly north of the current Project.
GEI recommended that the canal did not meet the criteria of the NRHP. The SHPO concurred with those
findings. No new information was identified that would result in a re-evaluation of the canal to warrant
reconsideration by BOR of the SHPO as to the canals eligibility for the NRHP. In summary, the East
Side Canal does not appear to meet the criteria for the NRHP or the CRHR as an individual resource or
as a contributor to a larger irrigation system. Furthermore, no historic district was identified for which
this resource might be a contributor.
The East Side Canal has been determined not eligible for a lack of historical and engineering
significance. Additionally, it has lost integrity. It has been realigned in several places, so it has lost some
of its integrity of location and design. Because the portion in the APE remains an earthen ditch in a rural
agricultural area, it retains integrity of materials, setting, feeling, and association. Integrity of
workmanship is not an important aspect of integrity for this property type because as a ditch it does not
display evidence of a craft of a particular culture.

Ditch 14
The western portion of Ditch 14 (west of Corn Camp Road) dates to circa 1934. The eastern portion
appears to have been constructed circa 1952 (NETR 2018). Ditch 14 does not appear to meet the criteria
of the NRHP or the CRHR as an individual resource or as part of a larger district. Research does not
support that this ditch played a significant role within the context of irrigation or the agricultural
development of Kern County. Irrigation practices began in earnest in the region in the 1870s. By the
1930s, it was a common practice. Therefore, the ditch does not appear to be directly associated with
significant events or trends in history as required under NRHP/CRHR Criterion A/1. In 1898, Miller &
Lux owned the land where the ditch was eventually built (Congdon 1898). However, under
NRHP/CRHR Criterion B/2, these significant individuals have no direct association with the ditch and
therefore it does not appear eligible under this criterion. Under NRHP/CRHR Criterion C/3 this is a
GEI Consultants, Inc.
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common example of an earthen ditch and there is no evidence to support that the methods used to create
the ditch were important and it does not represent the work of a master engineer. In consideration of all
elements of NRHP/CRHR Criterion C/3 it does not appear eligible. It is also not the source of important
information and does not appear to meet NRHP/CRHR Criterion D/4.
In addition to lacking historic and engineering significance, Ditch 14 has lost some integrity of location
and design because the ditch doesn’t follow its original path and now crosses beneath Corn Camp Road
further south than it did historically. It remains an earthen ditch and therefore retains integrity of
materials. Its setting, feeling, and association remain intact because it is a rural, agricultural area as it
was historically. Integrity of workmanship is not an important aspect of integrity for this property type
because as a ditch it does not display evidence of a craft of a particular culture.
In summary, this ditch does not appear to meet the criteria for the NRHP or the CRHR as an individual
resource or as a contributor to a larger irrigation system. Furthermore, no historic district was identified
for which this resource might be a contributor.

Eighty Foot Canal
This canal does not appear to meet the criteria of the NRHP/CRHR as an individual resource or as an
element of a larger irrigation system or district. The earliest known land owner was Miller & Lux who
was associated with the parcel in 1898 as part of their vast land holdings throughout the region
(Congdon 1898). The Eighty Foot Canal appears to have been constructed between circa 1912 and circa
1932 (USGS 1912; USGS 1932). Under NRHP/CRHR Criterion A/1 the canal does not appear to have
played a significant role in history within the context of irrigation or agricultural development. Irrigation
practices began in this region in the 1870s and by the time this canal was built irrigating crops was a
common method for growing crops. Although Miller & Lux owned the land, the canal has no direct
association with them or the company and does not appear to meet NRHP/CRHR Criterion B/2
(Congdon 1898). It is not an important example of its type, period, or method of construction; lacks
distinction; and was not designed by a master engineer. Therefore, it does not appear to meet
NRHP/CRHR Criterion C/3. Lastly, it is not the source of important information and does not appear to
meet NRHP/CRHR Criterion D/4.
The Eighty Foot Canal generally has integrity of location because it appears to follow its original
alignment. The portion in the APE remains an earthen ditch, so it retains integrity of materials. Integrity
of setting, feeling, and association is retained because it is in a rural agricultural area. It has lost some
integrity of design because as a canal operated and maintained by BVWSD, it is shaped two times each
year and excavated between every five and ten years. Integrity of workmanship is not an important
aspect of integrity for this property type because as a ditch it does not display evidence of a craft of a
particular culture.
In summary, the Eighty Foot Canal does not appear to meet the criteria for the NRHP or the CRHR as
an individual resource or as a contributor to a larger irrigation system. Furthermore, no historic district
was identified for which this resource might be a contributor.

1921 Corn Camp Road (APN 100-190-01)
The outbuilding located on this parcel does not appear to meet the criteria for the NRHP or the CRHR.
Historic maps indicate that prior to the early 1930s there was no development on this parcel. The same
maps indicate that at one point there were several other structures in the vicinity of this outbuilding,
indicating that there was likely a small farm complex here. Research did not reveal when those other
Cultural Resources Report for the 7th Standard Pipeline Project
Buena Vista Water Storage District
4-7

GEI Consultants, Inc.
National Register of Historic Places Eligibility Statements

buildings were removed, but they appear to have be gone by 2005 (USGS 1930; NETR 2018). Research
also does not support that this building has a direct association with important events in the agricultural
history of the region. Therefore, it does not appear to meet NHRP/CRHR Criterion A/1. Research
revealed little about the property owners. Miller & Lux are listed as owning the land in 1898, but since
that time the property changed hands several times (Congdon 1898). In 2006, the deceased owner was
Shirley Ann Durrett. The estate granted the land to various trusts and those trusts later deeded the
property to FAEC Holdings. The property was deeded again in 2011 to members of the Cauzza family,
who in 2013 deeded it to Cauzza Ranches, LLC (Kern County Assessor-Recorder 2018a, 2018c, 2018d,
2018f). This outbuilding has no known direct association with significant individuals and therefore does
not appear to meet NRHP/CRHR Criterion B/2. Under NRHP/CRHR Criterion C/3 this outbuilding
lacks architectural distinction. It is a nondescript outbuilding and does not display character-defining
features of any particular architectural style. It was not designed by a master architect and lacks high
artistic qualities. Therefore, it does not appear to meet this criterion. Lastly, the structure is not the sole
source of important information in history and does not appear to meet NRHP/CRHR Criterion D/4.
Although the building lacks architectural and historical significance, it appears to retain integrity of
location (has not been moved); design (no major alterations made and is still an agricultural
outbuilding); materials (little to no new materials have been introduced and most historic materials
remain); and feeling and association (remains in a rural area associated with farming). It has lost some
integrity of setting because it was historically part of a larger complex that has now been removed.
Workmanship is not an important aspect of integrity because this is a common example of an
agricultural outbuilding and does not reflect a particular craft or culture.
In summary, despite retaining integrity the resource does not appear to meet NRHP or CRHR criteria
because of a lack of historical and architectural significance.

4.2.2

Conclusion

None of the nine identified resources appear to meet the criteria for the NRHP or the CRHR. Therefore,
this report recommends a finding of no historic properties affected, as provided in 36 CFR Part
800.4(d)(1)
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1

Introduction and Approach

This document assesses the potential impacts on groundwater from the 7th Standard
Pipeline Project (Project) proposed by Buena Vista Water Storage District (BVWSD).
BVWSD is located approximately 16 miles west of Bakersfield in the southern San
Joaquin Valley. BVWSD operates a surface water delivery system with about 144 miles of
earthen canals to supply water to two areas: the Buttonwillow Service Area (BSA) with
46,200 acres of farmland and the Maples Service Area (MSA) with about 4,360 acres. The
seepage loss from BVWSD’s canal system has been estimated at 37,000 acre-feet-per-year
(AFY) (BVWSD 2017). The Project is the latest in a series of projects designed to convert
key portions of BVWSD’s unlined canal delivery system to a more efficient and flexible
piped system.
In 2016, to improve the efficiency of their system and reduce seepage and evaporative
losses, the BVWSD completed the Northern Area Pipeline Project (NAP), comprising a
total of 20 miles of buried pipeline. The NAP converted a portion of the District’s outdated
system of unlined canals to pipe as a way to reduce water losses. The NAP begins at the
District’s northernmost boundary and continues south to about Vlasnik Road in the BSA.
The NAP was installed primarily adjacent to the District’s Main Drain Canal. The
District’s Assessment of Potential Groundwater Impacts was prepared by GEI Consultants,
Inc. in September 2014 (NAP Assessment). The NAP Assessment analyzes the impacts of
the NAP by using water and salt balances for the project area included as Appendix A.
The NAP Project began operation in Spring 2016.
The District is currently extending the piped system to the south and to the east of the
NAP. These projects are known as the NAP – Southern Extension Project (SEP) and the
NAP – Eastern Extension Project (EEP). Groundwater assessments were performed for
these projects, which extend the piped delivery system south from Vlasnik Road to
Imperial Road as shown on Figure 1. The original NAP assessment area contained all
District areas north of Imperial Road. Therefore, the SEP and EEP assessments used the
same groundwater balances as the NAP but with input assumptions adjusted for those
projects to assess effects on groundwater. The SEP and EEP groundwater analyses are
included as Appendices B and C.
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Figure 1: Project Location
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The current 7th Standard Project extends the system even further south, past Imperial Street
to Highway 58. This Project has a fundamentally different geology as the perching layer
that is present to the north does not exist within the Project area. Therefore, the effect of
the Project on groundwater cannot rely on the original NAP assessment, which stopped at
Imperial Street. In addition, several other projects are currently being implemented that
affect components of the groundwater balance and would require the water and salt
balance approach to be completely re-developed to account for them. These projects
include The Palms Groundwater Banking Project (The Palms).
The approach to assess the effects on groundwater for this Project is a dual approach: (1)
look at empirical data to determine if the NAP has had a measurable effect on groundwater
resources and (2) estimate the magnitude of Project effects on water levels and salt
concentrations and whether that effect is significant. Although the NAP had a
fundamentally different geology (containing a perching layer that is absent from the 7th
Standard area), the empirical data will give some confirmation if negative effects are
measurable over short time-frames.
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2

Hydrogeologic Conditions

The Project Assessment includes the region’s geology and hydrogeology. The geology is
similar to that presented in the NAP, SEP, and EEP Assessments, but with one distinct
difference in that the perching layer is absent within the 7th Standard area. The typical
geology of the area is described below.

2.1

Hydrogeology Summary

The Project area lies in the middle of the BVWSD located between the Buttonwillow and
Semitropic ridges to the east, and the coast range to the west. The Buttonwillow and
Semitropic ridges are subtle, but distinct topographic features. Similar to the NAP and
SEP/EEP projects, the 7th Standard Project area is underlain by the Tulare Formation.
Sandy material is found from about 200 to 400 feet below ground surface (bgs) and is used
by most wells in the region for water supply.
The Tulare Formation within the BVWSD is typically broken up by three distinct clay
layers dubbed the A, C, and E-clay layers, which are described below
•

The A-clay is the uppermost of the clay layers. It occurs 20 to 30 feet bgs and is the
cause of shallow, perched groundwater levels identified in piezometers throughout
the northern part of the BVWSD.

•

The C-Clay is about 30 feet thick and occurs at a depth of about 200 feet bgs. The
C-Clay may be laterally discontinuous and is assumed to provide semi-confining
conditions.

•

The E-Clay occurs at a depth of about 400 feet bgs and is known regionally to be a
vertical barrier to groundwater flow.

These three clay layers create the three groundwater aquifers found throughout the
BVWSD: The Perched Aquifer above the A-clay, the shallow aquifer between the A- and
C-clays, and the deep aquifer between the C- and E-clays. Permeable sediments are
present below the E-clay, but the water quality is poor and is not used for water supply in
this area. Most wells are constructed in the deep aquifer above the E-clay.
The Perched Aquifer is found within the northern portion of the BVWSD and only covers
a small portion of the Project Area to the northwest shown on Figure 1. As little to none
of the Project lies within this area, the Perched Aquifer is not discussed in evaluations of
the Project impacts. It is discussed when reviewing the NAP and SEP/EEP projects and
their impacts on groundwater within the BVWSD.
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The C-clay is only a semi-confining layer so, for the purposes of water accounting and this
project, the shallow and deep aquifers are combined and referred to as the Main Aquifer.
Effects of the Project are assessed in their impacts to water level and salt concentration of
the Main Aquifer. The Project Assessment describes the Main Aquifer in its water balance
assessment.

8
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3

Summary of Previous Assessments

Previously, BVWSD began implementation of the NAP and SEP/EEP projects to convert
unlined canals to pipeline in the northern region of the BVWSD. While both the NAP and
SEP/EEP projects overlie a distinctly different geology with the presence of the Perched
Aquifer, they are similar in scope to the Project discussed in this report. Therefore, it is
expected that the Project will impact the groundwater balance in a similar manner to those
of the NAP and SEP/EEP projects. The following discussion details the groundwater
impact assessments for the NAP and SEP/EEP projects respectively.

3.1

NAP Assessment Approach

Impacts to groundwater from the conversion of unlined canals to pipe for the NAP were
analyzed in the NAP Assessment using a water and salt balances that are included in
Appendix A. The NAP Assessment developed both a water balance and a salt balance for
2008, 2011, and 2013, which BVWSD has established as typical normal, wet, and dry year
conditions, respectively. These representative years were then assigned to other similar
types of years during a 12-year historic base period from 1999 to 2011. This base period
had a mixture of normal, wet, and dry years, but overall the period showed more wet years
than dry years. The baseline water and salt balances were calibrated and reviewed against
measured groundwater levels and salt concentrations in BVWSD wells.
These baseline balances were used to forecast future conditions from 2014 to 2027, using a
simulated climatic record identical to the base period. Forecasts were made for baseline
conditions, with the NAP Project conditions and cumulative conditions. The NAP
conditions were forecast by eliminating canal seepage and evaporation from the balance
except in wet years, when excess water is placed in some unlined canals.

3.2

Expected NAP Project Impacts

The NAP effects shown in Table 1 indicate that groundwater levels in the Perched Aquifer
were forecast to rise by 1.7 feet by 2027 under baseline conditions. The forecast for
conditions with the NAP are for groundwater levels in the Perched Aquifer to also rise by
1.7 feet and to rise only 0.3 feet under cumulative conditions. This cumulative effect is 1.4
feet lower than under baseline conditions. In the Main Aquifer, water levels are forecast to
be 13.2 feet lower in 2027 under baseline conditions, 15.5 feet lower under NAP
conditions, and 16.7 feet lower under cumulative conditions. The net effect on the main
aquifer therefore is water levels lower by 2.3 and 3.5 feet under NAP and cumulative
effects over baseline, respectively.
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Subsurface outflow in the Main Aquifer is to the east, towards the main Kern County
groundwater basin and the Semitropic Water Storage District (SWSD) and was about
3,400 AFY of outflow under baseline conditions. The 2.3-foot decline in groundwater
levels is expected to result in a negligible decrease in groundwater outflow.
The most notable change was expected to be in the water quality of the Perched Aquifer,
with forecasts estimating an increase from 1,772 mg/L to 3,407 mg/L. The increase in
salinity in the Main Aquifer with the NAP will be 170 mg/L above the baseline conditions
as shown in Table 1.
Table 1: Summary of NAP Water Balance Projections

Analysis

Groundwater Level (in feet msl)
Salt Concentrations (mg/L)
Variation
Variation
From Start Finish
From
Start Finish
1
2
1
2014 2027 Change Baseline 2014 2027 Change Baseline 2

Perched Aquifer
Baseline
232.5 234.2
1.7
-1,772 1,662
NAP Effects
232.5 234.2
1.7
0.0
1,772 3,407
Cumulative with NAP Effects 232.5 232.8
0.3
-1.4
1,772 2,367
Main Aquifer
Baseline
199.3 186.1 -13.2
-3,965 4,217
NAP Effects
199.3 183.8 -15.5
-2.3
3,965 4,387
Cumulative with NAP Effects 199.3 182.6 -16.7
-3.5
3,965 4,372
note: bold numbers indicate the overall project and cumulative effects
1
Finish minus Start
2

-110
1,635
595

-1,745
705

252
422
407

-170
155

Finish minus Baseline Finish

3.3

SEP and EEP Approach

Impacts to groundwater from the conversion of unlined canals to pipe along with the
development of a reservoir (Reservoir 1) were analyzed in the SEP Analysis and EEP
Analysis in Appendix B and Appendix C respectively. Both the SEP and EEP project
impacts were assessed by adjusting the water and salt balances in the NAP Assessment to
reflect conditions of the SEP and EEP.
All SEP and EEP canals planned for abandonment were accounted for during the NAP
Assessment and no changes were needed for reduction in seepage. Adjustments to the
NAP water and salt balance was made only to reflect an increase in seepage from the
proposed construction of Reservoir 1. Seepage from the reservoir was assumed to affect
both the Perched and Main Aquifer. Located close to the edge of a perching layer, water
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under the reservoir was expected to mound and flow horizontally in all directions, reaching
areas where the perching layer is absent and flow into the Main Aquifer.

3.4

Expected SEP and EEP Project Impacts

Seepage from the Reservoir 1 is expected reach both the Perched and Main Aquifers with
about half of the water seeped from the reservoir assumed to flow directly into the Main
Aquifer as shown in Table 2. Mounding of water in the Perched Aquifer also affects the
amount of leakance from the Perched to the Main Aquifer. This was accounted for by
adjusting the water balance to vary leakance based on the head in the Perched Aquifer. A
summary of the SEP and EEP effects on the water and salt balances can be found in Table
3. EEP effects were considered under cumulative effects.
Table 2: Net Change to Water Balance

Project
Southern Extension Project
Eastern Extension Project

Seepage Additional
Net Change Net Change
Net
Reduction Seepage
to Perched
to Main
Change in
from Canal
Aquifer
Aquifer
From
Seepage
1
2
Retirement Reservoirs
Budget
Budget2
0
580
580
290
290
0
930
930
0
930

1

All canals for SEP project are within the NAP assessment area.

2

Assumes that 1/2 of SEP Seepage affects Perched Aquifer and 1/2 affects Main Aquifer. EEP seepage
assumed to affect Main Aquifer only.

Table 3: Summary of SEP Project and Cumulative Effects on Water and Salt Balances

Analysis

Groundwater Level (in feet msl)
Salt Concentrations (mg/L)
Variation
Variation
From
From
Start Finish
Start Finish
1
2
1
2014 2027 Change Baseline 2014 2027 Change Baseline 2

Perched Aquifer
Baseline (with NAP)
232.5 234.2
1.7
-1,772 3,407
SEP Effects
232.5 234.4
1.9
0.2
1,772 3,230
Cumulative with SEP Effects 232.5 232.8
0.3
-1.4
1,772 2,848
Main Aquifer
Baseline (with NAP)
199.3 183.8 -15.5
-3,965 4,387
SEP Effects
199.3 186.4 -12.9
2.6
3,965 4,367
Cumulative with SEP effects 199.3 190.4 -8.9
6.6
3,965 4,299
note: bold numbers indicate the overall project and cumulative effects
1

Finish minus Start

2

Finish minus Baseline Finish

1,635
1,458
1,076

--177
-559

422
401
334

--21
-88
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4

Project Effects

As described in Section 1, the approach to determining effects of the 7th Standard Project
are to:
1. Analyze the available monitoring data to determine the effects of installing
pipelines in the NAP, SEP, and EEP.
2. Determine the maximum reduction of seepage, the magnitude of this reduction in
comparison to the groundwater in storage, and a projection of the maximum
resulting change to water levels.
The NAP Project was completed in 2016 but construction and implementation began in
2015. For this reason, effects of the NAP are assessed beginning in 2015. The SEP and
EEP projects began in 2017 and have not been implemented for long enough to assess
impacts of those projects.

4.1

Project Effects
Effects of previous pipeline projects in the area

Water level and water quality data from 2011 to present were analyzed to determine the
short-term effects of the NAP project on groundwater levels. As the NAP is a similar
project to that of the 7th Standard Project, replacing unlined canals with pipelines, it is
assumed that results will be similar between the two. Even though the Perched Aquifer is
not significant within the Project Area, the total impacts of the NAP, (including those
within the Perched Aquifer) were analyzed for the sake of completeness and determination
of total project effects on the groundwater balance
Water levels were analyzed for two monitoring wells (DMW04 and DMW05) and four
shallow piezometers (BV-10, BV-19, BV-23, and BV-31) shown on Figure 2. The
construction details of the wells and piezometers are shown in Table 4. These sites were
selected because they are spread across the southern portion of the NAP area and would
most closely represent potential effects of the 7th Standard Pipeline Project. Specific
conductance was analyzed in the two monitoring wells to determine changes in salt
content. Insufficient data was available to analyze salt content in the piezometers.
Water levels pre-project (pre 2015) and post-project (post 2015) were compared to
determine short-term changes in groundwater levels in both the Perched and Main Aquifer
after the NAP project. Based on the conclusions of the NAP Assessment, we would expect
a general decline in groundwater levels for both aquifers. However, climatic conditions
also have a distinct effect on these levels, including the drought conditions that occurred
from about water years 2012 through 2015. Water years 2016 and 2017 were slightly
above normal and wet, respectively.

12

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 2: Monitoring Wells and Piezometers
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The district monitoring wells were analyzed to assess changes within the Main Aquifer and
are screened between 200 and 400 feet, within the depth of the Main Aquifer. Spring
water levels were analyzed for each well to eliminate seasonal variability in data for any
particular year. Hydrographs showing spring water surface elevations for the district
monitoring wells are shown in Figures 3 and 4.
Water levels in the Main Aquifer since 2011 have been relatively stable. Water levels have
not shown a significant decline, and current water levels are at or higher than pre-drought
and pre-NAP conditions.
Figure 3: DMW04 Hydrograph

Figure 4: DMW05 Hydrograph
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Specific conductance was analyzed for the Main Aquifer to determine if there has been a
measurable effect on salinity since the start of the NAP in 2015. Specific conductance is
very closely correlated with salt content (also referred to as Total Dissolved Solids or
TDS). Based on the conclusions of the NAP Assessment, salt concentrations are expected
to increase over the long term within both the Main Aquifer and Perched Aquifer due to a
reduction in fresh water entering the groundwater aquifers. Salt concentrations were not
analyzed for the Perched Aquifer due to lack of water quality data post-2015. Specific
conductance levels in the Main Aquifer are illustrated on Figure 5 below.
Specific conductance at DMW04 shows high variability, ranging from 2,500 to 6,500 µΩ,
while DMW05 is more stable at around 1,000 µΩ. Both wells show recent declines in
salinity, indicating that the NAP may not have significant effects on salt content.
Figure 5:Specific Conductance Levels Within the Main Aquifer

Water surface elevations from shallow piezometers were analyzed within the Perched
Aquifer and are illustrated in Figures 6 through 9. Water levels within the Perched Aquifer
were on a downward trend since 2011, with a slight rise in 2017. Similar to that of the
Main Aquifer, this trend in the Perched Aquifer is most likely attributed to drought and
climatic conditions, and rising water levels due to the NAP is not readily apparent. While
the Project will not affect the Perched Aquifer, this analysis provides additional evidence
regarding short-term effects of these pipeline projects on the overall water balance.
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Figure 6: BV 10 Hydrograph

Figure 7: BV 19 Hydrograph
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Figure 8: BV 23 Hydrograph

Figure 9: BV 31 Hydrograph

Overall, minor fluctuations were observed in water levels of the Main and Perched aquifers
along with specific conductance in the Main Aquifer. These fluctuations are well
correlated with climatic conditions and generally do not show the expected effects of the
NAP over the short timeframe that the NAP has been in operation.
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Seepage Changes
This section presents relevant information about the 7th Standard Project to assess the
magnitude of changes to the storage and salt content of the groundwater aquifer. Estimates
for the effects of seepage loss on groundwater balance was determined by 1) calculating
the maximum volume of (water and salt) seepage caused by the Project and 2) comparing
the seepage lost due to the Project with the total storage of the aquifer.
In practice, other components of the water balance would also change and partially offset
the reduced seepage. These components are listed below, with the net effect that the
Project will have on each.
•

Groundwater pumping will be reduced due to
o lower water requirements by agricultural users from use of piped system
eliminating seepage and increasing the ability to control the amount of
applied water.
o increased reliability of surface water supplies through the piped system
throughout the growing season

•

Subsurface inflow from neighboring areas will be increased if water levels in the
Project area are lowered

•

Subsurface outflow to neighboring areas will be reduced if water levels in the
Project area are lowered

•

Vertical leakance through the E-Clay will be reduced if water levels in the Project
area are lowered

•

The Palms Project will increase the subsurface inflow due to increased recharge
south of the Project area

•

During wet years when excess surface water supplies are available the District can
use the unlined canals to increase recharge

The water level declines described below provide a simplified approach that does not
consider these mitigating factors, and therefore provides a worst-case scenario of the
project’s effects on groundwater resources.
BVWSD documents the volume of water conserved by the Project in their WaterSMART
grant application (BVWSD 2016) in two categories: 2,245 AFY through (canal) seepage
reduction and 2,557 AFY by improved measurement and control, totaling 4,802 AFY of
annual savings. The improved measurement and control is also a form of reduced seepage
on the agricultural fields (i.e. less deep percolation of applied water).
However, measurement and control improvements will also lead to an increased efficiency
in water consumption and application throughout BVWSD. This increase in efficiency is
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expected to reduce the amount of groundwater pumping to supplement water supplied by
BVWSD. Reductions in groundwater pumping are conservatively estimated at 60% of the
2,557 AFY conserved through improved measurement and control, resulting in a pumping
reduction of 1,534 AFY.
Additionally, excess water from wet years will be applied to portions of the abandoned
canals to enhance infiltration. Water applied across 2.5 miles of the Eighty Foot Canal
during wet years is expected to generate 6811 AFY of infiltration. Water may be applied to
additional lengths of the abandoned canals, up to 2,245 AFY, as deemed necessary by the
BVWSD to increase groundwater recharge.
To understand the magnitude of the Project’s effect on groundwater resources, the total
annual savings are assumed to be a reduction in the annual groundwater balance (-4,802
AFY); while reductions in groundwater pumping (+1,534 AFY) and the use of abandoned
canals for groundwater recharge in wet years (+681 AFY) are assumed to be increases in
the annual groundwater balance. Considering both the reductions and increases on the
groundwater balance, the total net effect of the Project is a reduction in the annual
groundwater balance of -2,587 AFY. This reduction is compared to the total volume of
groundwater in storage in the Project Area along with determination of the annual effect on
water levels that would be realized if groundwater storage were reduced by that amount
annually.
Aquifer storage was calculated by multiplying the Project Area (calculated from GIS and
shown in Figure 10) with the saturated thickness of the Main Aquifer. This calculated
volume was then multiplied by a storage coefficient to account for the portion of the
aquifer material that will yield water, estimated at 15%.
The thickness of the Main Aquifer was calculated as the difference between the saturated
water surface and the Corcoran Clay (E-Clay). The depth of the Corcoran Clay was
estimated from contours provided by the USGS (Faunt 2012) and the depth to water was
estimated based on an average of spring 2017 water level measurements from DMW06 and
DMW07, as shown on Figure 10. Table 4 shows the calculation of maximum annual
storage volume and water level reduction.

Infiltration calculations determined using the seepage rates provided in the Buena Vista 7th Standard Grant
Application, the length of canal used for infiltration, and use of the canal in 1 out of every 4 years (wet years)
1

19

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 10: Project Area Information Used to Estimate Groundwater Storage
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Table 4: Calculation of maximum annual Project effects on storage

With a total storage of about 683,000 AF for the Main Aquifer, the 2,587 AF reduction in
the groundwater balance accounts for less than half a percent of the total aquifer storage
per year. Projecting this volume reduction over the entire Project Area, there is an
expected loss of 1.4 ft per year. BVWSD may mitigate declining groundwater levels, if
observed significant, by increasing groundwater recharge through the Palms Groundwater
Banking Project (Palms Project) and infiltration using the abandoned canals up to the
entire 2,245 AFY eliminated by this project. These mitigation measures shall be triggered
based on continued monitoring of groundwater levels and groundwater quality through
both the California Statewide Elevation Monitoring (CASGEM) and the Irrigated Lands
programs.
Groundwater levels are currently monitored at select piezometers and District monitoring
wells within the Project Area through BVWSD’s groundwater monitoring program.
DMW06 and DMW07 (Figure 10), which are also part of the CASGEM monitoring
network, will be the principal wells used to provide information on groundwater levels and
trends within the Project Area. Continued monitoring of these wells will inform BVWSD
on changes in groundwater levels and trigger mitigation measures if significant declines in
groundwater levels are observed.
Declining groundwater levels may also result in a reduction in groundwater quality. While
this is not expected based on results of the NAP project, water quality will be monitored to
ensure significant degradation in water quality does not occur. Water quality monitoring
within the project area is currently conducted through the BVWSD’s groundwater
monitoring program and through the participation of the Buena Vista Coalition in the
Irrigated Lands Regulatory Program (ILRP). Under the ILRP, the Coalition recently
submitted a Groundwater Quality Trend Monitoring Work Plan which includes a
monitoring network and monitoring schedules and protocols that will be used to monitor
water quality in the project area.
The maximum annual water level decline of 1.4 ft per year as a result of the project is
considered a less than significant effect. Monitoring through CASGEM and the ILRP will
inform BVWSD if significant changes in groundwater levels or quality occur and trigger
additional recharge through the abandoned canal system or the Palms Project.
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4.2

Cumulative Effects

Consideration of cumulative effects for this Project include the reduction in precipitation
due to climate change. Based on the climate change analysis in the Agricultural Water
Management Plan (BVWSD, 2014) a 15% reduction in precipitation is predicted for all
years. Table 5 shows that the effect of reduced precipitation on the NAP Project is less
than 1% of total inflow. The amount of percolation due to precipitation from the NAP
Assessment was used to estimate for the 7th Standard Project by adjusting for the smaller
project area. The effect of reduced precipitation due to climate change would be less than
0.1 feet as shown in Table 5. Therefore, the Project effect on water levels and the
associated water quality (salt balance) is less than significant.
Table 4: Calculation of Cumulative Effects

Project

NAP
Assessment

7th Standard
Assessment

Year Type

Item

Deep Percolation Precipitation
Total Subsurface Inflows*
Reduction in Precip Due to Climate Change (15%)
Reduction as a Percentage of Total Inflows
NAP Assessment Area (acres)
7th Standard Project Area (acres)
Deep Percolation Precipitation**
Reduction in Precip Due to Climate Change (15%)
Annual Water Level Decline (ft)

Normal
1,117
26,847
168
0.6%
20,400
11,929
653
98
0.05

Wet
1,009
37,049
151
0.4%
20,400
11,929
590
89
0.05

Average
Dry
344
21,073
52
0.2%
20,400
11,929
201
30
0.02

823
28,323
124
0.4%
20,400
11,929
481
72
0.04

Notes:
All units are AFY unless otherwise noted
* Does not include the 9000 AF of flow between the perched and main aquifers
** Assumed to be same as NAP, but adjusted for smaller project area

4.3

Effect on subsidence

Land subsidence has occurred throughout much of the San Joaquin Valley. Most of the
subsidence is attributed to groundwater extractions and depressurization of relatively thick
clay layers, including the E-clay. Subsidence has occurred within the Kern County
groundwater subbasin along the east side of the subbasin both north and south of
Bakersfield. Little, if any, recent or historic subsidence has occurred due to groundwater
extractions beneath BVWSD (Luhdorff and Scalamnini, 2014).
Water level changes that are within the range of historic fluctuations are not considered to
present a risk of subsidence because subsidence that may be induced by these changes is
likely to have already occurred. Water level changes expected as a result of the 7th
Standard Project and Cumulative Effects are anticipated to be within the range of historic
levels. Risk of subsidence is not expected.
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5

Conclusion

Evaluation of the previous NAP Project on the groundwater and salt balance indicated little
to no effect on the groundwater conditions in the short term. As the 7th Standard project is
similar in scope, we can expect comparable results of little to no impact on the
groundwater and salt balances of the Main Aquifer over the same time period. Comparing
the maximum, worst-case scenario reduction in groundwater recharge, the Project would
reduce storage by less than half a percent per year, with groundwater level reductions of up
to 1.4 feet per year. This analysis did not include other mitigating factors, including readyto-implement actions such as recharge through the Palms Project and the additional
recharge through unlined canals during wet years that would reduce effects on the
groundwater balance.
Through the CASGEM and Irrigated Lands Regulatory programs, BVWSD will
monitoring Project effects on both groundwater levels and groundwater quality to inform
whether mitigating measures are required. Continued monitoring allows BVWSD to react
in a timely manner to reductions in groundwater levels or quality and prevent significant
effects as a result of the project.

23

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

6

References

Buena Vista Water Storage District (BVWSD), 2014. Agricultural Water Management
Plan.
Buena Vista Water Storage District (BVWSD), 2016. Northern Area Pipeline Southeast
Extension Project, 2016 WaterSMART: Water and Energy Efficiency Grant
Application. Funding Opportunity Announcement No. R16-FOA-DO-004.
Buena Vista Water Storage District (BVWSD), 2017. 7th Standard Pipeline Project 2017
Water SMART: Water and Energy Efficiency Grant Application. Funding
Opportunity Announcement No.BOR-DO-17-F012
Faunt, Claudia C., 2012, Contours of Corcoran Clay Thickness in feet by Page (1986) for
the Central Valley Hydrologic Model (CVHM).
Luhdorff and Scalmanini Consulting Engineers, 2014. Land Subsidence from Groundwater
Use in California.

24

Appendix A

Assessment of Potential
Groundwater Impacts

Northern Pipeline Project
Prepared for:
Buena Vista Water Storage District

Date: September 15, 2014
Project No: 125941

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Table of Contents

1

Introduction
1.1
Project Location
1.2
Hydrologic Setting

1
1
4

2

Geologic Conditions
2.1
Regional Geology
Flood Basin Deposits
Continental Rock and Deposits
Marine Rocks and Deposits
2.2
Geologic Structures
2.3
Local Geology

7
7
9
9
10
10
11

3

Hydrogeologic Conditions
3.1
Perched Aquifer
3.2
Perching Bed
3.3
Shallow and Deep Aquifers
3.4
Confining Beds
3.5
Groundwater Levels
3.6
Groundwater Flow Direction
3.7
Groundwater Gradients
3.8
Hydraulic Characteristics
3.9
Subsurface Inflow and Outflow Estimates
3.10 Groundwater Discharge to Surface Water
3.11 Evaporation
3.12 Groundwater Storage
3.13 Recharge Areas and Sources
3.14 Water Supply
3.15 Subsidence

15
15
19
19
19
20
27
33
33
34
34
37
37
38
39
42

4

Water Quality

43

5

Baseline Conditions
5.1
Baseline Water Balance
5.2
Baseline Salt Balance

53
54
59

6

Assessment of Project Effects
6.1
Approach
6.2
Project Effects on Groundwater Levels
6.3
Project Effects on Groundwater Quality
6.4
Project Effects on Subsidence
6.5
Summary of Project Impacts

63
63
64
67
70
70
ii

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

7

Assessment of Cumulative Effects
7.1
Foreseeable Projects and Changes
7.1.1 Land Use Changes
7.1.2 Climate Change
7.2
Approach
7.3
Cumulative Effects on Groundwater Levels
7.4
Cumulative Effects on Groundwater Quality
7.5
Cumulative Effects on Subsidence
7.6
Summary of Cumulative Impacts
7.7
Impact Evaluation
7.8
Mitigation Program
7.9
Impacts After Implementation of Mitigation Program

72
72
72
72
73
73
74
74
75
76
80
80

8

References

81

Figures
Figure 1 Project Location
Figure 2 Groundwater Subbasins
Figure 3 Proposed Groundwater Subbasins
Figure 4 Geology
Figure 5 Geologic Cross-Section G-G’
Figure 6 Geologic Cross-Section D-D’
Figure 7 E-Clay Local Extent
Figure 8 Monitoring Locations and Aquifer Characteristics Test Locations
Figure 9 Perched Water Extent
Figure 10 Groundwater Level Comparison DMW01 and BV02D and
BV05A
Figure 11 Groundwater Level Comparison DMW01 and BV02D and
BV05A
Figure 12 Groundwater Level Comparison DMW03 and BV15
Figure 13 Groundwater Level Comparison DMW04 and BV24 and BV26
Figure 14 Groundwater Level Comparison DMW05 and BV25
Figure 15 Perched Groundwater Level Contours, June 2008
Figure 16 Main Aquifer Groundwater Contours, June 2011
Figure 17 Main Aquifer Groundwater Contours, June 2013
Figure 18 Regional Groundwater Contours, Jan-Feb 1994
Figure 19 Perched Groundwater TDS Contours, March 2012
Figure 20 Main Aquifer TDS Contours, March 2012
Figure 21 TDS Comparison DMW01 and BV02D and BV05A
Figure 22 TDS Comparison DMW02 and BV13
Figure 23 Groundwater Level Comparison DMW03 and BV15
Figure 24 Groundwater Level Comparison DMW04 and BV24 and BV26

3
5
6
8
12
13
14
17
18
22
23
24
25
26
29
30
31
32
46
47
48
49
50
51

iii

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 25 Groundwater Level Comparison DMW05 and BV25
Figure 26 Year Types and Precipitation
Figure 27 Water Budget Diagram
Figure 28 Groundwater Level Comparison to Baseline Water Balance –
Perched Aquifer
Figure 29 Groundwater Level Comparison to Baseline Water Balance –
Main Aquifer
Figure 30 Salinity Comparison to Baseline Salt Balance – Perched Aquifer
Figure 31 Salinity Comparison to Baseline Salt Balance – Main Aquifer
Figure 32 Project and Cumulative Groundwater Level Comparison to
Baseline Salt Balance - Perched Aquifer
Figure 33 Project and Cumulative Groundwater Level Comparison to
Baseline Salt Balance – Main Aquifer
Figure 34 Project and Cumulative Salinity Comparison to Baseline Salt
Balance - Perched Aquifer
Figure 35 Project and Cumulative Salinity Comparison to Baseline Salt
Balance – Main Aquifer

52
53
55
57
58
61
62
65
66
68
69

Tables
Table 1 Perched Groundwater Body Permeable Sediment Thickness
Table 2 Aquifer Hydraulic Characteristics
Table 3 Summary of Inflow and Outflow Estimates
Table 4 Main Drain Water Reuse Estimates
Table 5 Summary of Groundwater in Storage Northern Portion of BSA
Table 6 Estimated Groundwater Recharge
Table 7 Water Supply Estimates
Table 8 Summary of Surface Water Quality
Table 9 Project Effects – Groundwater Levels
Table 10 Project Effects – Salt Concentrations
Table 11 Cumulative Effects – Groundwater Levels
Table 12 Cumulative Effects – Groundwater Quality

16
34
36
37
38
39
41
43
67
70
73
74

Attachments
A
Perched Water Zone Hydraulic Characteristics
B
Groundwater and Salt Balances

iv

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

1

Introduction

The Buena Vista Water Storage District (BVWSD or District) is seeking to improve their
water distribution system, reduce seepage and evaporation losses from canals, and to
increase water use efficiency to potentially lower perched groundwater levels beneath the
northern portion of the Buttonwillow Service Area (BSA) of the BVWSD. The Northern
Project
Area (NAP), occurring in the BSA, consists primarily of the installation of 19 miles of
buried pipeline and retirement of existing canals. The pipeline would be buried adjacent to
the Main Drain Canal and other district facilities, including portions of the East Side and
West Side canals. Six miles of lateral canals within the Project area would be buried and
may be reclaimed as farmland. Figure 1 shows the extent of the Project area.
Upon completion of the pipeline, the use of the existing West and East Side canals would
be minimized in the Northern Area. The East Side and West Side canals would be left
intact and would continue to be maintained, but would remain dry except during flood
conditions when they could act as groundwater recharge facilities. Portions of the East
Side Canal may be reclaimed and placed into conservation at a later date, depending on
landowner agreement. The Main Drain Canal would continue to function as a conveyance
and drainage facility for irrigation and storm water.
This report evaluates the potential changes to groundwater beneath the Project area as a
result of decreasing canal seepage and how it could affect areas outside of BVWSD. The
approach used was to evaluate 3 typical years that represent different water supply
conditions and then distribute those typical years over a base period. BVWSD identified
2008 as a normal year; 2011 as a wet year; and 2013 as a dry year (BVWSD, 2014) based
on their allocation of surface water and precipitation. 2008 was selected as representative
of normal operating conditions with a 35 percent from the California Aqueduct allocation,
Kern River runoff that was 71 percent of average and annual precipitation approximating
the long-term median. 2011 was selected as representative of wet year operating conditions
with an 80 percent from the California Aqueduct allocation, Kern River runoff that was
202 percent of average and with precipitation levels that were above average. 2013 was
selected as representative of dry year operating conditions with a 35 percent California
Aqueduct allocation and Kern River runoff that was 22 percent of average.

1.1

Project Location

BVWSD is located west of Bakersfield along the western edge and southern portion of the
San Joaquin Valley and covers a total of about 78.3 square miles west. The BVWSD is lies
entirely within Kern County and is subdivided into two separate service areas, the BSA
and the Maples Service Area. The BSA covers about 45,000 acres on the west side of the
southern San Joaquin Valley groundwater basin. The elongated, northwest-trending BSA is
1
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about 3 miles wide and 24 miles long and bounded to the east by the East Side Canal and
to the west by the West Side Canal. The Project is located in the northern half of the BSA.
Figure 1 shows the Project location.
The topography of the BSA allows drainage to flow to the center of the service area as the
land surface falls to the north towards the former Tulare Lake via the historic low point
slough which is now the Main Drain Canal, shown in Figure 1. The Main Drain Canal is
over 20 miles long and flows at a gradient of about 2 feet per mile from the southeast
portion of the BSA before leaving the District at Highway 46 where it merges with the
Goose Lake Canal which conveys water to and beyond the Kern National Wildlife Refuge,
approximately eight miles downstream from Highway 46.
The former Tulare Lake is located north of the Project area in Kings County. It was a
freshwater dry lake with residual wetlands and marshes. The lake dried up after its
tributary rivers were diverted for agricultural irrigation and municipal water uses.
The Goose Lake Slough area is an area extending through the northeastern portion of the
Project area and outside the Project area to the southeast. This area now consists of
undeveloped land on the San Joaquin Valley floor between the Buttonwillow and
Semitropic ridges. Land uses in the area include generally dry habitat lands; three wildlife
management areas managed by California Department of Fish and Game; marginal
farmlands; and managed wetlands that receive water from nearby canals.
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Figure 1 Project Location
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1.2

Hydrologic Setting

The Central Valley of California consists of the San Joaquin and the Sacramento valleys.
The San Joaquin Valley, forming the southern two-thirds of the Central Valley, is a broad
structural trough. It is bordered on the east by the Sierra Nevada and on the west by the
Diablo and the Temblor ranges, which are a part of the Coast Ranges. The valley extends
220 miles southeastward from the confluence of the San Joaquin and the Sacramento rivers
to the Tehachapi and the San Emigdio Mountains. The width of the valley ranges from 25
miles in the northern portion of the valley to 55 miles in the southern portion, and averages
about 35 miles (USGS, 1972).
BVWSD is located in the southwestern portion of the San Joaquin Valley. The southern
portion of the valley is internally drained by the Kings, Kaweah, Tule, and Kern rivers that
flow into the Tulare drainage basin including the beds of the former Tulare, Buena Vista,
and Kern lakes.
BVWSD is located within the western edge of the Kern County groundwater subbasin
(DWR, 2004). The subbasin is bounded on the north by the Kern County line and the
Pleasant Valley, Tulare Lake, and Tule groundwater subbasins, on the east and southeast
by the Sierra Nevada foothills and Tehachapi Mountains, and on the southwest and west by
the San Emigdio Mountains and Coast Ranges. Principal rivers and streams include Kern
River and Poso Creek. Figure 2 shows the groundwater subbasin and the BVWSD service
area.
The Kern County groundwater subbasin has been proposed to be further divided into
multiple subbasins solely based on geologic structures (Pacific, 1991). Figure 3 shows the
proposed subbasins. The subbasins are bounded by distinct structural highs due to folding
and faulting. Some of these structural highs are expressed by the slight topographic relief
of the Buttonwillow and Semitropic ridges which rise above the valley floor and are
located just east of the BSA. These subbasins may contain isolated or partially isolated
hydrogeologic systems. BVWSD is predominantly within the proposed Buttonwillow
subbasin. The subbasin is defined on its east and west sides by anticlines but there may be
low areas along some boundaries where communication between subbasins may occur.
The Kern County subbasin has been classified by DWR as a critically overdrafted
groundwater basin (DWR, 2004). However, as described above, data on local geology and
groundwater conditions within BVWSD suggest that the District is substantially isolated
from much of the Kern County groundwater subbasin and that this isolation, coupled with
the District’s access to surface water, leads to groundwater supply conditions within the
District’s boundaries that differ from those characteristic of many other locations within
Kern County. Groundwater levels beneath the entire BVWSD service area rose about
6.8 feet since 1974 (CEC, 2013) indicating that the Buttonwillow subbasin is not in
overdraft.
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Figure 2 Groundwater Subbasins
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Figure 3 Proposed Groundwater Subbasins
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2

Geologic Conditions

The San Joaquin Valley represents the southern portion of the great Central Valley of
California. The San Joaquin Valley is a structural trough filled with up to 32,000 feet of
marine and continental sediments deposited during periodic inundation by the Pacific
Ocean and by erosion of the surrounding mountains, respectively. Continental deposits
shed from the surrounding mountains form an alluvial wedge that thickens from the valley
margins toward the axis of the valley’s structural trough. This depositional axis is below to
slightly west of the series of rivers, lakes, sloughs, and marshes, which mark the current
and historic axis of surface drainage in the San Joaquin Valley.

2.1

Regional Geology

The southern part of the San Joaquin Valley is a broad structural trough of mostly interior
drainage. The Sierra Nevada on the east is composed of consolidated igneous and
metamorphic rocks of pre-Tertiary age (basement complex). The surface of these rocks
slopes 4 to 6 degrees south-westward from the foothills and underlies the valley. The Coast
Ranges on the west consist mostly of complexly folded and faulted consolidated marine
and non-marine sedimentary rocks of Jurassic, Cretaceous, and Tertiary age, which dip
eastward and overlie the basement complex (USGS, 1972). These deposits are considered
non-water bearing.
Unconsolidated deposits of Late Pliocene to Holocene age, blanket the underlying
consolidated rocks in the valley and are the source of most of the fresh groundwater. The
unconsolidated deposits are divided into informal stratigraphic units on the basis of source
of sediment, environment of deposition, and texture (USGS, 1972).
The unconsolidated sediments that comprise the shallow to intermediate depth waterbearing deposits in the Kern County groundwater subbasin are primarily of continental
origin. From youngest to oldest the informal stratigraphic units consist of flood basin
deposits, continental rocks and deposits, and marine rocks and deposits. Figure 4 shows
the regional geology (Page, 1986).

7
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Figure 4 Geology
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The continental rocks and flood basin deposits in the San Joaquin Valley groundwater
basin contains five identified clay layers. The clay layers were designated, from shallowest
to deepest as the A-clay, B-clay, C-clay, D-clay, and E-clay (including the Cocoran Clay
Member). A sixth layer, the underlying F-clay, has limited extent and is generally present
just beneath the former Tulare Lake (Croft, 1968). The C-clay through F-clays have been
deformed, warped into broad, gentle northwesterly trending structural highs (anticlines)
and lows (synclines). The A-clay and B-clay are not deformed in a similar pattern as the
underlying clays. The top of the continental deposits (Tulare Formation) is considered to
be the uppermost deformed bed (Woodring, 1940), or the C-clay. Therefore, the A- and Bclays are considered to be part of the flood basin deposits, and C-, D-, and E-clays are part
of continental deposits. The A-, C-, and E-clays, lie beneath large areas of the southern part
of the valley and are projected to occur beneath all or portions of the BVWSD.
Flood Basin Deposits
This Holocene-age unit varies in character and thickness throughout the subbasin. The
flood basin deposits consist of silt, silty clay, sandy clay, and clay interbedded with poorly
permeable sand layers. At the eastern and southern subbasin margins the unit is composed
of up to 150 feet of interstratified and discontinuous beds of clay, silt, sand, and gravel. In
the southwestern margin it is finer grained and less permeable as it grades into fine-grained
flood basin deposits underlying the historic beds of Buena Vista and Kern lakes (Hilton et.
al., 1963; Wood and Dale, 1964). These flood basin deposits are difficult to distinguish
from underlying fine-grained older alluvium and the total thickness of both units may be as
much as 1,000 feet (Wood and Dale, 1964). Flood basin deposits include the A- and Bclays, as described below:
•

A-clay. The A-clay is the uppermost of the clay layers. It occurs 40 to 50 feet
below land surface in the Tulare Lake groundwater subbasin and underlies about
300 square miles. The presence of the clay is indicated by shallow groundwater
levels in shallow wells. The thickness of the layer ranges from 20 to 50 feet. Forces
that warped the clay layers below the B-clay apparently did not warp the A-clay.

•

B-clay. The B-clay is about140 feet below land surface. It interfingers laterally with
the older alluvium. Its areal extent is about from the Tulare Lake Bed to Corcoran
and Lemoore and is not expected to occur in the BVWSD area. The clay is about
15 feet thick. The structure contour map indicates that the B-clay was not affected
by the forces that warped the lower tongues.

Continental Rock and Deposits
These deposits consist of a heterogeneous mix of generally poorly sorted clay, silt, sand,
and gravel; some beds of claystone, siltstone, sandstone, and conglomerate. The unit
includes some informal units: younger alluvium, older alluvium, and continental deposits;
four formations of Pleistocene age: Modesto, Riverbank, Turlock Lake, and Tulare
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formations. Beneath the BVWSD, only the Tulare Formation is present (Rector, 1983) and
is the primary fresh water bearing formation in the area and much of the Kern County
groundwater subbasin. Continental deposits include the C-, D-, and E-clays, described
below:
•

C-clay. The C-clay occurs about 100 to 210 feet above the D-clay. The thickness of
the C-clay ranges from about 10 feet near Riverdale to about 100 feet near
Corcoran and averages about 30 feet. Warping of the C-clay has formed troughs
and shelves that are nearly identical in position to the troughs and shelves in the D-,
E-, and F-clays. However, the intensity of deformation is less than the deformation
in the lower clay layers.

•

D-clay. The D-clay occurs 60 to 190 feet above the E-clay. This clay zone was
mapped in a narrow belt, which extends from Lemoore to Corcoran and is not
expected to occur in the BVWSD area. The clay layer ranges from 5 to 20 feet
thick.

•

E-clay (in part equivalent to the Corcoran Clay Member of the Tulare Formation).
The dark greenish blue-gray, silty, diatomaceous E-clay is one of the largest
confining beds in the area. The beds were deposited in a prehistoric lake that
occupied the San Joaquin Valley and underlies about 3,500 square miles of bottom
land in the valley and into the western slopes (Croft, 1972). The extent of the
E-clay was further updated in 1986 and showed a greater areal extent. In
recognition of these differences the name “modified E-clay” was proposed to
describe the mapped clay unit (Page, 1986).

Marine Rocks and Deposits
These deposits consist of sand clay, silt, sandstone, shale, mudstone, and siltstone. On the
western side of valley these deposits include the San Joaquin, Etchegoin, Temblow and
Kreyenhagen formations. They are exposed in the surrounding watershed to the west of
BVWSD and underlie the freshwater bearing continental deposits and overlie the bedrock.
These sediments are considered to be non-water bearing.

2.2

Geologic Structures

The sediments deposited in the Kern County groundwater subbasin were deposited into a
large trough that has since been compressed and subsided which has resulted in the
sediments being folded into troughs and ridges, known in geologic terms as synclines and
anticlines, respectively. In general, the anticlines are the Bakersfield arch, and the
Buttonwillow and Semitropic ridges. The Buttonwillow and Semitropic ridges are surface
expressions of two prominent north-south trending anticlines. Figure 4 shows their
locations. The intervening topographic troughs are the surface expressions of prominent
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synclines (Croft, 1968). The synclines or troughs typically contain a significantly thicker
sequence of young sediments than do the anticlines or broad highs (Pacific, 1991).
Associated with the Buttonwillow and Semitropic anticlines are two concealed faults
(CGS, 1991) that dip to the west. The faults are not active and do not extend to ground
surface.

2.3

Local Geology

The BSA is located between the Buttonwillow and Semitropic ridges (topographic
features) on the east, and the Coast Ranges on the west. The BSA is underlain by Tulare
Formation and contains sand from about 200 to 400 feet below ground surface (bgs),
which is used by most wells in the region to supply water.
Three of the clay layers identified in regional geology are present in the BSA area. The
A-clay extent was poorly defined but was estimated to be at depths of about 20 to 30 feet
bgs and is the cause of shallow groundwater levels in the Tulare Lake groundwater
subbasin, which adjoins the Kern County groundwater basin to the north (Croft 1972). The
Tulare Lake formation in the area also contains the C-clay and E-clays. Figures 5 and 6
show geologic cross sections in the BSA area. In the cross sections, both the C-clay and
E-clays are warped and folded into east-west trending troughs (synclines) and ridges
(anticlines) different than the Buttonwillow Ridge and Semitropic Ridge anticline trends.
The E-clay ranges from about 300 to 450 feet bgs beneath the northern portions of the
BSA. To the west both the E-clay and C-clay pinch out and the coarse-grained sediments
found elsewhere in the subbasin are separated are combined.
There are varying interpretations of the extent of the E-clay. Reports prepared in 1972 and
in 1991 show the E-clay to be continuous across the Buttonwillow and Semitropic ridges
and their associated anticlines (Croft, 1972; Pacific, 1991). However, work by the United
States Geologic Survey (USGS), which was used to prepare the Central Valley Hydrologic
Model (CVHM) groundwater flow model, shows the E-clay does not extend across the
Buttonwillow and Semitropic ridges and their associated anticlines. Figure 7 shows the
extent of the modified E-clay and the contours of the top of the clay bed. It is possible the
anticlines of the Buttonwillow and Semitropic ridges predate the E-clay and therefore the
clay was not deposited onto these ridges. If this were the case, sedimentary beds on the
east and west sides of the ridges would not be continuous unless they were deposited
between the ridges.
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Figure 5 Geologic Cross-Section G-G’
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Figure 6 Geologic Cross-Section D-D’
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Figure 7 E-Clay Local Extent
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3

Hydrogeologic Conditions

This chapter presents the definition and extent of aquifers present in the area, the depth and
direction of groundwater flow, and the aquifer hydraulic characteristics. Sections 3.1
through 3.4 describe the hydrogeologic character of the northern portion of the BSA from
ground surface to depth. There are three main aquifers, the perched aquifer, the shallow
aquifer, and the deep aquifer. Sections 3.5 through 3.15 describe the groundwater levels,
hydraulic characteristics, groundwater movement, and groundwater quality in these three
aquifers. Water supply conditions area also discussed along with subsidence.

3.1

Perched Aquifer

The perched aquifer extends from near ground surface to about 20 to 30 feet below ground
surface. The sediments in the perched aquifer consist of layered sequences of variable
mixtures of fine-grained clays and silts and then some coarser-grained sediments (clayey
sands to poorly-sorted sands) which may convey water horizontally into and out of the
area. Table 1 provides a summary of piezometers and depth to water in piezometers to
estimate the saturated thickness of the sediments along the Project area boundaries where
groundwater inflow or outflow may occur. The thickness can vary depending upon the
actual depth of the A-clay, which cannot be established at this time. The top of the E-clay
was assumed to be about 30 feet below ground surface at all locations. Figure 8 shows the
locations of the piezometers.
The extent of the perched water appears to have increased in size over time. Figure 9
shows the extent of the perched groundwater (groundwater within 20 feet of ground
surface) in 1974 and in 2011. The figure shows the perched water area appears to have
expanded since 1974, suggesting there are sources contributing to this aquifer outside of
the District. Perched water underlies most of the northern portion of the BSA and most of
the Project area. It appears to be structurally controlled by the Buttonwillow Ridge but not
by the Semitropic Ridge. About 12,000 to 15,000 acres within the northern portion of the
BSA have crops affected by perched water (Provost and Pritchard, 2012).
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Table 1 Perched Groundwater Body Permeable Sediment Thickness
Estimated

Outflow or
Piezometer
Inflow Reach Piezometer Total Depth
No.
(feet)
BR01
20.0
BR02A
20.0
BR03
20.0
BR04A
20.0
BV07B
20.2
West Side
BV07C
22.8
BR09
20.0
BV34
22.0

Depth
A-clay
(feet)
30
30
30
30
30
30
30
30

Depth to Water
(feet)
2008

2011

2013

2008

2011

2013

6.3
13.7
2.9
3.4
2.0

8.7
13.5
4.0
4.0

11.1
14.2
6.5
12.6

23.7
16.3
27.1
26.6
28.0

21.3
16.5
26.0

18.9
15.8
23.5

26.0

17.4

24.3

22.5

18.9

21.2
24.1

20.2
22.8

20.6
22.7

22.7

21.5

21.7

23.9
25.7

20.9
25.8

Average Saturated Thickness (feet)

North Side

BV02C
BV02B

23.1
23.4

30
30

8.8
5.9

9.8
7.2

9.4
7.3

Average Saturated Thickness (feet)

Northeast

BV05
BV08B

25.0
20.9

30
30

4.8
1.5

6.1
4.3

9.1
4.2

25.2
28.5
26.9

24.8

23.4

0.7
0.9

6.2
5.6

8.3
8.0

29.3
29.1

23.8
24.4

21.7
22.0

29.2

24.1

21.9

2.0
7.8
7.4
4.0
11.3
10.2

4.0
8.0
8.1
9.1
11.9
13.1

12.6
15.0
14.3
10.8
13.6
15.8

28.0
22.2
22.6
26.0
18.7
19.8

26.0
22.0
21.9
20.9
18.1
16.9

17.4
15.0
15.7
19.2
16.4
14.2

22.9

21.0

16.3

Average Saturated Thickness (feet)

Southeast

BV15
BV16

22.1
20.0

30
30

Average Saturated Thickness (feet)

South

BV34
BV35
BV30
BV31
BV32
BV33

22.0
22.0
21.0
19.0
20.0
20.0

30
30
30
30
30
30

Average Saturated Thickness (feet)

Saturated Sediment
Thickness (feet)

16

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 8 Monitoring Locations and Aquifer Characteristics Test Locations
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Figure 9 Perched Water Extent
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3.2

Perching Bed

The A-clay layer is likely the perching bed. The A-clay has been shown to extend beneath
this area at a depth of about 20 to 30 feet, but is poorly defined. The extent of the clay can
be approximated to correlate with where perched water is occurring, as shown on Figure 9.
The clay may extend beyond the outline shown for the extent of the perched water.

3.3

Shallow and Deep Aquifers

The groundwater aquifers under the BSA consist of sequences of interbedded, laterally
discontinuous, sandy and silty sediments. The shallow aquifer extends from the base of the
A-clay down to a depth of about 200 feet where silty sediments tend to predominate. The
C-clay occurs at about this depth and may separate the shallow aquifer from the deep
aquifer. The deep aquifer extends from about 200 to 400 feet with sandy and silty
sediments occurring in approximately equal proportion. This deep aquifer is being used by
most growers within BVWSD.
The majority of irrigation wells in the District are completed to depths between 200 and
500 feet with perforated intervals around 150 feet to the bottom (BVWSD, 2014). Wells in
the area adjacent to BVWSD are also likely completed in this manner.
To the west both the C-clay and the E-clay pinch out and the coarse-grained sediments
near the mountain front are continuous and allow deep percolation of precipitation runoff
from the Coast Range bedrock and marine sediments to recharge the aquifers.

3.4

Confining Beds

The C-clay and E-clay are present beneath the northern portions of the BSA as shown on
Figure 5. Little information is known about the C-clay and whether it may be a vertical
barrier to groundwater flow. However, due to its relatively large extent and its
approximately 30-foot thickness, it is likely to result in semi-confining conditions to the
underlying deep aquifer beneath the BSA. Based on its depth beneath the BSA it may
separate the shallow aquifer from the deeper aquifer.
The E-clay is known regionally to be a barrier to groundwater flow, but it is not
impermeable. It generally divides the aquifers system into unconfined aquifers above and
confined aquifers below. The clay layer is about 300 to 450 feet bgs beneath the northern
portions of the BSA and is folded with two northwest-southeast trending troughs and
ridges. Within the northern part of the BSA, where the deep aquifer is present and where
the water quality is good, groundwater wells are typically constructed above the E-clay,
but some wells appear to be constructed into sediments beneath the E-clay. Groundwater
quality beneath the E-clay may be poor quality because of recharge from the marine
sediments of the Coast Ranges. East of the Buttonwillow and Semitropic ridges wells are
constructed both above and below the E-clay as the groundwater in this area is typically of
better quality.
19
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3.5

Groundwater Levels

BVWSD has been measuring groundwater levels since about 1991 in the perched aquifer
and in the deep aquifer (for purposes of discussion, the shallow and deep aquifers hereafter
are described as the “main aquifer.”). No monitoring wells have been constructed to
monitor just the shallow aquifer so it is being presumed that the shallow aquifer is
behaving similarly to the deep aquifer.
The perched aquifer is monitored with a network of 58 piezometers. The piezometer
locations are shown on Figure 8. Other piezometers in the network have been monitored
quarterly since 2000, but not necessarily all piezometers were measured at a similar time.
The depth to groundwater in the perched aquifer in the northern portion of the BSA has
ranged from about 2 to 12 feet bgs over the last 20 years (Provost and Pritchard, 2012).
Figures 10 through 14 show the groundwater levels within the Project area. Groundwater
levels have been relatively constant through at least 2006 and in some cases up to 2012.
The levels have typically been within 2 to 4 feet of ground surface in most piezometers.
Groundwater levels since 2012 have declined predominately due to the extended drought.
When the groundwater levels have been within 6 feet of ground surface, groundwater in
the perched aquifer could discharge to the Main Drain Canal. In 2008, groundwater levels
within the Project area were less than 5 feet bgs, over a large area of about 2,800 acres.
The depth to groundwater below ground surface in the main aquifer in the Project area is
typically about 2 to 70 feet bgs with some deeper levels recorded during the summer peak
pumping periods. The locations of monitoring wells (DMW series) are shown on Figure 8.
Figures 10 through 14 show the groundwater levels within the Project area. The
groundwater levels remained relatively consistent from 1992 through about 2007. Since
2007, the groundwater levels have been about 10 feet lower in some areas but in other
areas the decreases are much less, in some locations less than 2 feet. Generally
groundwater levels within the entire BVWSD service area over the past 20 years appear to
be stable in the north while declining in the south which suggests that the north-to-south
gradient has been increasing (BVWSD, 2014).
The groundwater levels in the regional aquifer just east of the BVWSD are by as much as
170 feet deeper, than within the BSA.
Groundwater levels in the perched and deep aquifers vary throughout the Project area.
Figures 10 through 14 show the hydrographs for a deep aquifer monitoring well and
nearby perched aquifer piezometers. Figures 10 through 12 shows 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 of the Project area.
Since about 2006 the groundwater levels appear to be at or below the A-clay suggesting
that the deep aquifer is semi-confined to unconfined in this area. Near DMW04 and
DMW05 (Figures 13 and 14), in the southern portion of the Project area, the groundwater
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levels in the deep aquifer are close to the ground surface and have similar levels as the
perched aquifer. This suggests that the perching bed may be locally absent and the two
aquifers may be interconnected and also suggests that this area is where groundwater from
the perched aquifer could recharge the underlying aquifers. The deep aquifer would be
unconfined to semi-confined in this area.
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Figure 10 Groundwater Level Comparison DMW01 and BV02D and BV05A

22

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 11 Groundwater Level Comparison DMW01 and BV02D and BV05A
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Figure 12 Groundwater Level Comparison DMW03 and BV15
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Figure 13 Groundwater Level Comparison DMW04 and BV24 and BV26
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Figure 14 Groundwater Level Comparison DMW05 and BV25
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3.6

Groundwater Flow Direction

The groundwater flow directions are interpreted from groundwater level elevation
contours. Contour maps were attempted to be developed for 3 representative years, 2008,
representing normal water supply conditions; 2011, representing wet conditions; and 2013,
representing dry conditions. In 2011 and 2013 for the perched aquifer and for 2008 in the
main aquifer sufficient groundwater level measurements were not available so maps could
not be drawn. Monitoring wells outside of the District to the west were also incorporated
into the analyses to better define conditions in the deep aquifer, however, the well
construction details were not available for these wells. Figures 15 through 17 show
groundwater contour maps for the perched aquifer in 2008 and the deep aquifers in 2011
and 2013.
Groundwater flows from higher elevations to lower elevations in a direction that is
perpendicular to contour lines. Where contours are 90 degrees to a feature such as the
Buttonwillow Ridge and its concealed fault, they show that flow is not passing through that
boundary. Also where linear groundwater features are observed, they suggest potential
barriers to groundwater flow.
Groundwater contours for the perched water aquifer are limited to areas where shallow
groundwater has been identified. Figure 15 shows these groundwater contours and arrows
showing the groundwater flow path. Overall, the flow direction is from the south to the
north generally parallel to the ground surface. The contours show that there is limited
groundwater inflow from the west to the perched aquifer, but further assessment of
piezometers along this western area confirms that inflow takes place from this area along a
10-mile length. However, locally and seasonally conditions may change to produce
outflow. Groundwater inflow is also occurring from the south into the Project area, over a
2.5-mile wide area. Groundwater outflow from the northern portion of the Project area
occurs along about a 5-mile wide boundary to the east and a 2-mile wide boundary to the
north, both areas being north of the Buttonwillow Ridge.
The groundwater contours for the deep aquifer beneath the Project area are shown on
Figures 16 and 17. The contours show there is a groundwater high that is located near the
southern end of the Project area. The groundwater high is potentially where groundwater
recharge from the perched aquifer is reaching the main aquifer and functions as a divide
with groundwater flowing to the south on one side of the high and to the north on the other
side. North of the divide the groundwater moves to the northern end of the Project area
where it then turns to the east to southeast to flow between the gap between the
Buttonwillow and Semitropic ridges concealed faults. Throughout most of the BSA the
contours are perpendicular to the Buttonwillow and Semitropic faults suggesting these
faults are mostly barriers to groundwater flow. Groundwater inflow to the shallow and
deep aquifer is from the west along a 10-mile-wide area and from the north along a 2-milewide area, but this is poorly defined due to the lack of monitoring wells.
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Figure 18 shows this distinct change in groundwater levels between the Buttonwillow
groundwater subbasin and areas to the east. The deeper groundwater levels are due to
pumping both above and below the E-clay in the adjacent Semitropic Water Storage
District (SWSD). The change in groundwater levels is occurring along a fairly straight line,
coincident with the concealed faults associated with the Buttonwillow and Semitropic
ridges. The fault associated with the Buttonwillow Ridge appears to be offset to the east of
where the groundwater level change is occurring but the fault dips to the west so that at
depth the fault would affect sediments to the west of its surface trace. Based on the change
in groundwater contours this fault may extend to the south. The northern portions of the
fault associated with the Semitropic Ridge appear to be a barrier to groundwater flow
where the southern portions do not appear to affect groundwater flow.
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Figure 15 Perched Groundwater Level Contours, June 2008
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Figure 16 Main Aquifer Groundwater Contours, June 2011
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Figure 17 Main Aquifer Groundwater Contours, June 2013
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Figure 18 Regional Groundwater Contours, Jan-Feb 1994
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3.7

Groundwater Gradients

The groundwater gradients in part govern the rate that groundwater will leave or enter the
area. The perched and deep aquifers groundwater gradients were estimated from the
groundwater contours shown on Figures 15 through 17 for just those areas where inflow
or outflow is projected to occur. Where insufficient measurements were available to
develop groundwater contours, a pair of wells were used to estimate the gradient.
The groundwater gradient for the perched aquifer to the outflow areas to the north and east
is flat, ranging from about 0.0002 to 0.0009. The groundwater gradient from the inflow
area from the south also flat and is estimated to be about 0.001. The groundwater gradient
from the west was about 0.003. The gradient of the ground surface from south to north in
the Project area is about 0.0003.
The groundwater gradient in the deep aquifer at the northeast end of the Project area,
between the Buttonwillow and Semitropic ridges is about 0.003. The groundwater gradient
from the west and north are poorly defined and appears to be variable. For estimating
purposes, a gradient of between 0.001 and 0.008 was assumed. Groundwater outflow is
also occurring to the south and the gradient appears to be controlled by pumping in the
aquifer just south of the Project area.
Groundwater contours presented on Figure 18 shows there to be a very steep gradient
associated with the Buttonwillow and Semitropic ridges’ concealed faults. This steep
gradient near the linear feature suggests that the faults are a barrier to groundwater flow,
creating about 170 feet of difference in the groundwater levels over a short distance. For
this reason, the outflow is likely to be very small due to this subsurface barrier to flow. The
gap between the faults is a small area where groundwater outflow from the Project area to
the east can occur.

3.8

Hydraulic Characteristics

The aquifer hydraulic characteristics govern the rate that water will recharge and move
through the aquifers. Figure 8 shows the locations where tests of the aquifer hydraulic
characteristics were made. Table 2 provides a summary of the aquifer characteristics.
In 2014, GEI Consultants, Inc. and BVWSD performed slug testing in piezometers to
estimate the hydraulic conductivity of the perched water aquifer. The details and analyses
of the slug testing are provided in Attachment A. The slug tests showed clayey to silty
sediments had a hydraulic conductivity of 0.7 feet per day where silty to sandy sediments
had a hydraulic conductivity of 3 to 8 feet per day.
Long-term aquifer tests were performed at three locations, using one pumping well and one
observation well (URS, 2010). All of these tests were performed just south of the Project
area as shown on Figure 8. This type of testing can provide highly reliable data if the test
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conditions are valid. However, based on our review of the results it appears that only one
of the test locations had valid testing conditions and only the results from this test have
been used in the analysis in this study.
Specific yield estimates are best determined by aquifer testing with pumping and
observation wells. However, none have been made within the Project area. The test made
south of the Project area produced a very low value of 0.02, which would indicate the deep
and shallow aquifers are unconfined in this area. Regional specific yield estimates made by
the USGS for the San Joaquin Valley have an average specific yield of 0.15. Recent
estimates made by the California Energy Commission for the BSA also used 0.15 as the
specific yield (CEC, 2012).
Although the E-clay is a confining bed it is not impermeable. The vertical hydraulic
conductivity of the clay is estimated to be about 0.0001 feet per day. It is estimated that
this could allow about 500 acre feet per year (AFY) to seep from the deep aquifer through
the E-clay in the Project area.
Table 2 Aquifer Hydraulic Characteristics

Range
Hydraulic

Average
Hydraulic

Aquifers

Thickness
(feet)

Conductivity
(feet/day)

Thickness
(feet)

Conductivity
(feet/day)

Perched 1

0-30

1-8

23

4

Shallow

30-200

3-20

180 2

12 3

Deep 4

200-400

30-80

200

47

Notes:

3.9

1

See Attachment A

2

Total estimated thickness of aquifer less A- and E-Clay thicknesses

3

Soils Engineering, 2011, hydraulic conductivity for top 100 feet of aquifer

4

URS, 2010, from well N-4

Subsurface Inflow and Outflow Estimates

Subsurface inflow and outflow estimates were developed for the perched, shallow, and
deep aquifers using the width of the inflow and outflow areas, thickness of the aquifer,
gradient, and hydraulic conductivity information presented above. The results of the
estimates are present in Table 3.

3.10 Groundwater Discharge to Surface Water
Groundwater could discharge to the Main Drain Canal in years where the groundwater
levels are within 6 feet of ground surface. However, it is not possible to measure the
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discharge directly. Water in the Main Drain Canal is from stormwater runoff; tailwater
from agricultural fields; spilled water from canals; and groundwater.
Tailwater and storm runoff from the community of Buttonwillow are collected by drainage
ditches which flow to the Main Drain Canal. Most of the water conveyed in the canal is
reclaimed and re-used by District landowners; the remainder is either delivered by the
Goose Lake Canal to non-District landowners to the north or pumped to SWSD to the east.
The District has an interconnection with SWSD used to transfer water into Buena Vista’s
system and to transport reclaimed tailwater collected by the Main Drain Canal to SWSD's
system. Agricultural runoff typically enters the Main Drain Canal during the January and
February pre-irrigation season and the May through August irrigation season, but the canal
can also carry flows during other months due to additional agricultural operations or storm
runoff.
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Table 3 Summary of Inflow and Outflow Estimates

Aquifer
Perched Water
Inflow: Sub Inflow From West
Sub Inflow from South
Outflow: Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to Northeast
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)
Shallow
Aquifer
Inflow: Sub Inflow From West
Sub Inflow from North
Outflow: Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)
Sub Outflow to South
Deep
Aquifer
Inflow: Sub Inflow From West
Sub Inflow from North
Outflow: Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)
Sub Outflow to South
Vertical through E-clay

Estimated Thickness of
2008
2008
2011
2011
2013
2013
Hydraulic
Permeable Estimated
Inflow
Estimated
Inflow
Estimated
Inflow
2008-normal
Conductivity Sediments
Gradient or Outflow Area Gradient or Outflow Area Gradient or Outflow Area Inflow Outflow
(feet/day)
(feet)
(feet/feet)
(feet)
(feet/feet)
(feet)
(feet/feet)
(feet)
AFY
AFY

2011 - Wet
Inflow Outflow
AFY
AFY

2013 - Dry
Inflow Outflow
AFY
AFY

2
0.7

22
20

0.003
0.001

56,000
13,200

0.003
0.001

56,000
13,200

0.003
0.001

56,000
13,200

8

22

0.0005

11,880

0.0007

11,880

0.0004

11,880

8

12

7

6

25

0.0009

18,480

0.0003

18,480

0.0003

18,480

6

6

6

3

25

0.0005

13,200

0.0002

13,200

0.0010

13,200

4

2

8

12
12

180
180

0.008
0.002

56,000
11,880

0.001
0.002

56,000
11,880

0.002
0.0008

56,000
11,880

12

170

-

11,880

-

11,880

-

-

12
12

150
175

0.0032
0.0013

13,200
11,880

0.002
0.007

13,200
11,880

628
264

628
264

47
47

200
200

0.001
0.002

56,000
11,880

0.002
0.0008

56,000
11,880

47

200

-

11,880

-

11,880

-

-

-

47
47

180
175

0.003
0.003

13,200
21,120

0.002
0.011

13,200
21,120

2,954
3,676
529

2,954
3,676
529

2,279
16,541
529

0.008
0.002

56,000
11,880

62
1.5

62
1.5

1,014

62
1.5

1,014
407

4,411

1,520
181

4,411
1,772

485
1,452

6,616
788
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The water from the Main Drain Canal is pumped and reused by growers and BVWSD.
Table 4 provides an estimate of the amount of water reused or allowed to flow out of the
Project area. It establishes a maximum allowable amount of groundwater that could
discharge to the canal.
Table 4 Main Drain Water Reuse Estimates

Main Drain Canal
Water Reuse

Type of Year
2008 – Normal
2011 – Wet
(AFY)
(AFY)

Outflow to outside of BVWSD
BV Grower Reclamation
BV Reclamation
Total

1,527
4,431
5,658
11,616

6,647
3,134
5,731
15,512

2013 – Dry
(AFY)
0
5,175
2,148
7,323

3.11 Evaporation
Because groundwater levels in the perched water aquifer have been within 6 feet of the
ground surface and the soils are clayey, capillary action can wick moisture up from the
groundwater surface and evaporate at ground surface. The capillary fringe for silts is
greater than 6 feet (Todd, 1980) and could be even greater for clayey soils similar to those
present beneath the Project area. When groundwater levels decline in excess of 6 feet of
ground surface this evaporation would stop. In 2008 groundwater levels were within 5 feet
of ground surface over an area of about 2,800 acres. Assuming the evaporation would be
about 1 AFY per acre the estimated outflow from the perched aquifer due to evaporation
could be about 2,800 AFY.

3.12 Groundwater Storage
For purposes of this analysis groundwater in storage is the amount of water between grains
of sediment in the subsurface that can drain by gravity and be recovered. Groundwater in
storage is calculated in aquifers by multiplying the area being studied by the thickness of
permeable sediment and by the specific yield. Groundwater can also be stored in finegrained sediments but this water is slow to drain; may not be replaced; and removal may
cause clay compaction and subsidence, thus making removal undesirable. This
groundwater storage was not included in our estimates.
Table 5 shows the estimated storage in the aquifers and the amount of groundwater storage
per foot of saturated sediments. The total groundwater in storage just beneath the Project
area is about 1.2 million acre feet (AF). Because the actual depth of the A-clay is poorly
defined and is believed to be up to 30 feet below ground surface, an average thickness of
23 feet was chosen for the perched aquifer thickness based on Table 1. Even with this
thickness, the volume of water in the perched water zone is relatively small due to the
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thinness of the sediments and only represents about 6 percent of the total water in storage
beneath the Project area.
Table 5 Summary of Groundwater in Storage Northern Portion of BSA

Average

Area
(acres)

Estimated
Groundwater
in Storage
(AF)

Estimated
Groundwater
per Foot
of Saturated
Thickness
(AF/foot)

0.15

20,400

70,380

3,060

0.15

20,400

1,162,800

3,060

Aquifers

Permeable
Sediment
Thickness
(feet)

USGS
Specific
Yield
(unitless)

Perched

23

Shallow
and Deep

380

3.13 Recharge Areas and Sources
Within the Kern County groundwater subbasin, groundwater recharge occurs from stream
seepage along the eastern portion of the subbasin and the along the Kern River, as well as
recharge from applied irrigation water (DWR 1995).
In BVWSD groundwater recharge occurs from precipitation within the BSA, subsurface
inflow from aquifers west of the district, which results from precipitation in the watershed
west of BVWSD, from district-owned spreading ponds, seepage from District and private
canals and deep percolation from applied water. Estimates of the recharge from these
sources are provided in Table 6 along with estimates for just the Project area.
Irrigation water is conveyed from south to north by the East Side and West Side canals that
define the BSA’s eastern and western boundaries. Water is diverted from these canals to
irrigated fields via a system of smaller lateral canals and private ditches which are
interconnected by manually-operated weirs and turnouts operated by District staff.
Average annual seepage from the East Side and West Side canals was estimated to be
about 15,400 AFY (BVWSD, 2014).
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Table 6 Estimated Groundwater Recharge
All Values in Acre-Feet

Type of Year
2008 - Normal

Location
BVWSD Total Area

2011 - Wet

2013 - Dry

1

P
5

Deep percolation rainfall
2,758
District Spreading Ponds
District Canal Seepage
33,137
Main Drain Canal Seepage
Unknown
Deep Percolation Applied Water
5,596
BVSWD Total
41,491
BSA Total Estimate (92% of total BVWSD area)
Deep percolation rainfall
2,538
District Spreading Ponds
2

District Canal Seepage
Main Drain Canal Seepage
4
Deep Percolation Applied Water
BSA Total
Project Area Estimate (44% of total BSA)
Deep percolation rainfall
District Spreading Ponds
3

District Canal Seepage
Main Drain Canal Seepage
Deep Percolation Applied Water
Project Area Total

2,493
67,917
55,720
Unknown
6,273
129,910

849
16,595
Unknown
5,243
21,838

2,294
-

781
-

30,486
Unknown

53,491
Unknown

15,931
Unknown

5,148
38,172

5,771
59,262

4,824
20,755

1,117
-

1,009
-

344
-

13,414
3,105
1,544
19,179

23,536
Unknown
1,731
25,267

7,010
Unknown
1,447
8,456

Sources: 1 BVWSD, 2014
2
3

4
5

Sierra Scientific Services, 2012, 37,000 AFY average year seepage losses for BSA canals
BVWSD, 2014, WaterSMART Grant Application, used for normal year projection, remainder are based on
percent of service area
BSA is 92% of total BVWSD project area.
Average annual rainfall times area times assumed deep perc of 10%

Annual precipitation typically ranges from less than 1 to 9 inches. The average annual
precipitation is about 5.643 inches per year (BVWSD, 2014). Recharge from precipitation
was estimated based on the total area of BVWSD and assuming about 10 percent of the
precipitation becomes deep percolation.

3.14 Water Supply
About 40,000 acres of land are used for growing crops in the BSA. The primary water
demand within the District is irrigation for agriculture. The crop water demand is met by
the in-season delivery of surface water from seasonally regulated flows of Kern River
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water; schedulable deliveries of State Water Project (SWP) water through the California
Aqueduct; and occasional purchases or exchanges for water from the federal Central
Valley Project, delivered to the Kern River Channel via the Friant-Kern Canal from
westward flowing Sierran drainages north of Kern County. Irrigation demand that cannot
be met by surface water deliveries must be satisfied by groundwater pumping. Table 7
shows water supplies used in the BVWSD for normal, wet, and dry years.
Table 7 contains estimates for the entire BVWSD, in order to estimate the amount of water
supplies used just within the Project area. For the period of 2000 to 2009 the annual
District surface supply was 63,700 AFY of which 5,300 AFY was delivered to the Maples
Service Area. Based on ratio of these delivers about 92 percent of the surface water
supplies were delivered to the BSA area. The northern portion of the BSA where the
Project area is located is about 44 percent of the total BSA area so the surface water
pumping was proportioned in this manner.
The total number of District and privately owned wells in the BSA area is 165 wells, with
36 wells being within the Project area. The total pumped volume was distributed based on
the percent of wells in the Project area.
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Table 7 Water Supply Estimates

Type of Year
2008 - Normal
(Acre-Feet)

Source

2011 - Wet
(Acre-Feet)

2013 - Dry
(Acre-Feet)

1

BVWSD Total Area
Groundwater - within BVWSD
District Deep Wells
Non-District Deep Wells
Estimate Private Wells
Subtotal
Imported Surface Water and Groundwater
Imported Groundwater (Olces
KR/ST Exchanges (total)

2

SWP
Friant-Kern
Kern River
Subtotal
BSA Total Estimate
Groundwater
Imported Surface Water and
Groundwater
Project Area Estimate
Groundwater
Imported Surface Water and
Groundwater
Source:

6,100

219

2,905

40,313
46,413

35,729
35,948

54,572
57,477

10,000

-

6,924

32,232
25,786
6,446
42,610
84,842

66,919
53,535
13,384
93,674
160,593

41,539
33,231
8,308
1,018
49,481

42,700

33,072

52,879

77,814

147,290

45,382

8,796

7,795

11,907

34,238

64,807

19,968

1

BVWSD 2014
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3.15 Subsidence
Land subsidence has occurred throughout much of the San Joaquin Valley. Most of the
subsidence is attributed to groundwater extractions and dewatering of relatively thick clay
layers, including the E-clay. Subsidence has occurred within the Kern County groundwater
subbasin along the east side of the subbasin both north and south of Bakersfield. Little, if
any, recent or historic subsidence has occurred due to groundwater extractions beneath
BVWSD (Luhdorff and Scalamni, 2014).
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4

Water Quality

The District receives their surface water supplies from the Kern River, the State Water
Project, and occasionally the federal Central Valley Project. The average total dissolved
solids (TDS) concentrations for each of these water sources is shown in Table 8.
Information in Table 8 is based on data provided from the Kern County Water Agency
from BVWSD files and other reports.
Table 8 Summary of Surface Water Quality
Range
TDS
mg/L

Sources
Imported Water

Outflow:

Type of Year - Inflow or Outflow
2008 - Normal
2011 - Wet
mg/L
mg/L

2013 - Dry
mg/L

1

SWP
350-450
Kern River
90-120
Friant-Kern
Olcese Wells
Weighted Average based on Mixtures of Imported Water
Perched Water
Inflow:

Average
TDS
mg/L
400
105
50
264

400
105
50
264
236

400
105
50
264
228

400
105
50
264
375

Sub Inflow From West
Sub Inflow from South
Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to Northeast
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)

4915
1715

4915
2015

4915
2315

1733

2600

2800

3068

2600

2800

950

1100

1100

Sub Inflow From West
Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)

3000

3000

3000

1600

1400

1400

2300

2100

2500

Sub Outflow to South

1500

1500

1500

Sub Inflow From West
Sub Outflow to North
(toward Tulare Lake)
Sub Outflow to East
(toward Goose Lake)
Sub Outflow to South

3000

3000

3000

1600

1400

1400

2300
1500

2100
1500

2500
1500

458

458

2525

Shallow Aquifer
Inflow:
Outflow:

Deep Aquifer
Inflow:
Outflow:

Main Drain

1

Tailwater

1920-3129

2525

Sources: 1BVWSD, GMP 2012, and AWMP 2014
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Groundwater quality varies by location and depth. There are some suggestions in different
reports that the water quality in the aquifers has the highest TDS near the Coast Ranges. As
groundwater migrates from the Coast Ranges to the east into the valley, the TDS
concentrations decrease (Rector, 1983). However, the well screen intervals are unknown so
the data are not specific to a single aquifer and could be related to groundwater beneath the
E-clay and the underlying marine sediments.
Ten wells were sampled in 2010 that obtained water from various depths (URS, 2010). The
TDS ranged from 860 mg/L up to 4,300 mg/L. The highest concentration appears to have
well screens below the E-clay.
Electrical conductivity measurements, which can be used to approximate the TDS, are
made by BVWSD in their piezometers and deep aquifer monitoring wells. Measurements
are only obtained once annually generally in the spring of each year but in some cases in
the fall or not at all. Figure 19 shows salinity contours for the perched aquifer, prepared
from March 2012 monitoring data. Figure 20 shows salinity contours for the deep aquifer,
prepared from March 2012 monitoring data. The contours show the concentrations are
highly variable throughout the Project area. These figures were used to estimate the TDS
for each of the groundwater inflow and outflow areas.
Figures 21 through 25 show the trend in TDS concentrations over time at deep wells and
nearby piezometers. The trends in the concentrations for the perched and main aquifer are
quite different from location to location but overall the trend is flat. The perched aquifer
has a much wider range of concentrations from as low as 350 mg/L where piezometers are
adjacent to and are influenced by canal water seepage to as high as 5,000 mg/L. Figure 8
shows the locations of piezometers and deep monitoring wells.
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Figure 19 Perched Groundwater TDS Contours, March 2012
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Figure 20 Main Aquifer TDS Contours, March 2012
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Figure 21 TDS Comparison DMW01 and BV02D and BV05A
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Figure 22 TDS Comparison DMW02 and BV13
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Figure 23 Groundwater Level Comparison DMW03 and BV15
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Figure 24 Groundwater Level Comparison DMW04 and BV24 and BV26
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Figure 25 Groundwater Level Comparison DMW05 and BV25
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5

Baseline Conditions

Baseline groundwater level and salinity levels were developed using water and salt
balances to establish current conditions. The baseline balances were then changed to reflect
groundwater conditions due to implementation of the Project and cumulative effects of
other foreseeable projects in the area to forecast the potential affects. The forecasted future
effects are compared to the baseline conditions to assess the potential impact of the
proposed Project.
The balances were developed using three typical water supply years, 2008 as the normal
water supply year; 2011 to represent a wet year; and 2013 to represent a dry year. These
representative years were then assigned to other similar types of years during a 15-year
historic base period, from 1999 to 2014. Figure 26 shows the distribution of the typical
years to the entire base period. The baseline water and salt balances results were then
calibrated and reviewed against measured groundwater levels and salt concentrations in
Project area piezometers and groundwater monitoring wells to further calibrate the results.
Both the water and salt balances were developed with multiple iterations until a reasonable
match to the physical data was obtained.
Figure 26 Year Types and Precipitation

53

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

It should be noted that during the 15-year base period, the last 3 years were drought years
and have not been present in the historic record for over 40 years, since 1976 and 1977,
when two back-to-back critically dry years occurred.
The projected 15-year groundwater level and salt concentrations from the balances were
compared to conditions measured at piezometer and monitoring well BV14A and DMW03
as these are located near the middle of the Project area. Although BV15 is adjacent to
DMW03, piezometer BV15 is located next to and is affected by the East Side Canal. The
groundwater from BV15 had a TDS of 350 mg/L, which indicates that it is affected by
water in the canal. This makes it a less desirable location for comparison to the water and
salt balances, so piezometer BV14A was used for calibration purposes. Locations for the
monitoring wells are shown on Figure 8. Figure 12 shows the hydrograph of groundwater
levels in these piezometers and wells. Figure 23 shows salinity over time for these
piezometers and wells.

5.1

Baseline Water Balance

A groundwater body balance was prepared to represent baseline conditions in the Project
area for the 3 typical years. Water balance components were derived from information
presented in the previous sections of this report.
Water balances are the summation of flow into (inflow) and flows from (outflow) a defined
area. There are two different types of water balances, a basin balance and a body balance.
A basin balance contains all components of inflow and outflow for a specified area and
contains many items that may not necessarily affect groundwater. Basin balances are more
complex than a groundwater body balance.
A groundwater body balance only accounts for inflow or outflow components that directly
affect the groundwater body and are easier to construct and simpler to interpret. For this
study, a groundwater body balance was chosen for its simplicity. Figure 27 shows a
schematic of the water balance components for the Project area. The shallow and deep
aquifers were grouped together due to the lack of evidence that the C-clay is acting as a
barrier to groundwater flow and separating these aquifers. For purposes of discussion, the
shallow and deep aquifers hereafter are described as the “main aquifer.” The water balance
is split into the perched aquifer and the unconfined aquifer, and inflows and outflows from
each aquifer were assigned.
As shown on the diagram the Main Drain Canal is considered to be a component of both
inflow and outflow from the perched aquifer. The conditions which govern whether it
creates outflow or inflow are based on groundwater levels and canal flows. Both of these
conditions may vary along the canal.
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Figure 27 Water Budget Diagram

Water balances for this analysis were developed using readily available data. It is common
that water balances contain some well-quantified components and some poorly-quantified
components. Components with poorer quantification are typically back-solved as being the
component that is not known. A certainty index (CI) was assigned to each component in
the water balance to identify well-quantified and poorly-quantified components. The CI is
expressed as a percent and the value contained in the balance could vary by plus or minus
this percent of the value contained in the balance. Major components with high CI’s should
be investigated in the future to better quantify these components and the higher quality
data should be incorporated into the balances as this additional information becomes
available.
The water balance contains many calculated values which are being expressed with an
implied accuracy to the single digit. However, in reality the accuracy of these values are at
best to the nearest hundred. Discussions within the text round the values from the tables to
the hundreds.
Attachment B, Table B-1 provides the baseline water balance for the Project area. The
baseline water balance shows inflow and outflow from the perched aquifer. Inflow to the
perched aquifer include deep percolation of applied water and precipitation, subsurface
inflow, seepage from the East Side and West Side canals, and the Main Drain Canal The
total inflow to the perched aquifer, based on the typical years, ranges from about 19,200 to
29,200 AFY. The lowest inflow was in 2013, a dry year when surface water deliveries
were about 50 percent of those in 2008 or 2011. In all years, three-quarters of this inflow
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was the result of District canal seepage. Outflows include groundwater discharges to
surface water (Main Drain Canal); subsurface outflows; leakance to the main aquifer; and
evaporation. The subsurface components of outflow from the perched aquifer are relatively
well-quantified and are small volumes. The greatest uncertainties occur in the estimate of
leakance to the underlying aquifers and discharges of groundwater to the Main Drain
Canal, both represent some of the largest values in the perched aquifer balance.
The main aquifer water balance includes two inflows and four outflows. Groundwater
contours from 2011 and 2013 (Figures 11 and 12) were used to estimate the direction of
inflows and outflows from the main aquifer. Inflows to the main aquifer include subsurface
inflow from the north and west and leakance from the perched aquifer. The total inflow to
the main aquifer ranges from about 16,600 to 18,100 AFY. Outflows from the main aquifer
are subsurface outflow to the east, south and through the E-clay and from groundwater
pumping. Groundwater pumping is for the most part the largest component of outflow.
Subsurface outflow to the south at times can surpass groundwater pumping, especially
during drought years when pumping south of the Project area increases. Outflows in
normal and dry years exceed inflows but during wet years the inflows are greater than
outflows. The greatest uncertainty occurs in the estimate of leakance from the overlying
perched aquifer and represents one of the largest values.
The results of the water balance are produced in AFY. These values were converted to
change in groundwater levels using the storage coefficient of 3,000 AF per foot of storage.
Figures 28 and 29 shows the results of the long-term projection of the water balance for
the perched and main aquifers in comparison to the groundwater level measurements. The
results show the water balance has the capability of reasonably simulating groundwater
conditions.
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Figure 28 Groundwater Level Comparison to Baseline Water Balance – Perched Aquifer
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Figure 29 Groundwater Level Comparison to Baseline Water Balance – Main Aquifer
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5.2

Baseline Salt Balance

The baseline salt (TDS) balance was developed similar to the baseline water balance. The
salt balance is a summation of salts into and out from the perched and main aquifers. The
baseline water balance provides the volumes. The salinity concentrations of each
component of the water balance was assigned from values provided in Table 8 and
estimates for unavailable data such as the salinity of deep percolation of applied water.
The salt concentration of each inflow and outflow component was estimated by converting
TDS to tons of salt per AF (1 ton per acre-foot = 735 mg/L). To be able to compare these
results to measured concentrations in the aquifers for calibration purposes, the calculated
change in tons of salt were then added back to the total tons of salt in the aquifers within
the Project area and a revised estimate of the salt concentration in the water was calculated.
Attachment B, Table B-2 shows salt balance elements. The salt balance was calibrated
using estimated TDS values taken from the piezometers and deep monitoring wells used
for the water balance. As shown on Figures 21 through 25 the water being used to
forecast the potential effects have some of the worst quality in the Project area and
therefore are providing a worst case scenario. The percent increases projected in this
analysis could be used to project the water quality that may occur at other monitoring wells
in the Project area.
The concentration of salts leaking into the main aquifer from the perched aquifer was
obtained by averaging the concentration of salt concentrations in the subsurface outflow
areas. This same average concentration was used for the salt concentration when
evaporation occurred.
The water balance projects some groundwater was evaporated through the soils in 2008
and 2011 as a result of shallow perched water. The salts from evaporation are then flushed
back into the perched aquifer by deep percolation of precipitation and applied water. In
2013, with groundwater levels declining, the amount of evaporation through the soils
decreased. Also, a significant amounts of salt were imported with the surface water, of
which most was retained in the soils and leached to the perched aquifer. Therefore, a
balance was obtained by increasing the salinity of the deep percolation of precipitation and
applied water to account for the flushing of the salts.
The concentration of salt in the imported surface water was based on a weighted average as
the sources and volumes of water varied each year.
Salt concentrations (TDS) in the Main Drain Canal have been reported to range from 220
to 1,370 mg/L. No measurements were available for 2008 so the values from 2011 were
used for 2008. Average concentrations salt concentration for each year, where avaialable
were for each year.
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Figures 30 and 31 show the salt balance projections versus measured salt concentrations
in the perched and main aquifers. The graphs show there are significant swings in the
groundwater concentrations that could not be entirely matched, but the general trend in the
data was captured. The results show the salt balance has the capability of reasonably
simulating groundwater conditions.
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Figure 30 Salinity Comparison to Baseline Salt Balance – Perched Aquifer
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Figure 31 Salinity Comparison to Baseline Salt Balance – Main Aquifer
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6

Assessment of Project Effects

About 63 miles of the East Side and West Side canals will no longer be used to for
delivery of surface water to growers. As such the canals will no longer recharge high
quality surface water to the perched water zone. BVWSD has estimated the amount of
seepage loses to be about 15,400 AFY (Table 5).
The effects of this Project on groundwater within the Project and surrounding areas will be
reduction of groundwater recharge with low salinity due to the conversion of the West Side
and East Side canals to a pipeline along the Main Drain Canal. The baseline water and salt
balances were used to assess the potential impacts of these changes into the future.
The baseline water balance results for 1999 through 2011 were repeated to simulate and
forecast conditions for 2015 through 2027. The last 3 years of the baseline period were not
projected as these climatic conditions would not be expected to be repeated for another 40
years.

6.1

Approach

The baseline water balance was modified and then used to assess the changes in
groundwater levels as a result of the addition of the Project. Changes to the baseline water
balance include:
•

The inflow to the perched aquifer from seepage from the East Side and West Side
canals was reduced to zero.

•

With the reduction of recharge groundwater levels in the perched aquifer would be
below levels where the capillary fringe could evaporate water. Therefore, the
evaporation was reduced to zero for all years.

•

Seepage from the Main Drain Canal will continue.

•

Groundwater discharges to the Main Drain Canal will not continue as the
groundwater levels will be lower.

•

To account for variable groundwater levels in the perched water aquifer affecting
the amount of leakance to the main aquifer, the leakance was allowed to vary
throughout the years. The assumption was made that the A-clay or the bottom of
the perched aquifer was located about 30 feet below ground surface. There was an
average of about 23 feet of saturated interval and there was about 9,000 AFY of
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vertical leakance. This amount of leakance was used to calculate a rate of 400 AFY
of leakance per foot of saturated thickness.
•

Groundwater recharge along the West Side Canal was included in the water balance
only in wet years.

•

Groundwater pumping may change during the forecasted period, but the forecast
uses pumping as reported in 2013.

The modified baseline water balance with the Project assumed conditions above are
provided in Attachment B, Table B-3.

6.2

Project Effects on Groundwater Levels

The results of the water balance analysis estimate the Project’s effects on groundwater
levels for the perched and main aquifers. Results were compared to the forecasted baseline
conditions on Figures 28 and 29. Figures 32 and 33 show the forecasted Project
groundwater level conditions in comparison to the baseline conditions. Table 9
summarizes the projected effects.
If the proposed Project is not constructed groundwater levels in the perched aquifer will
rise by about 2 feet from 2014 through 2027. If the proposed Project is constructed,
groundwater levels in the perched aquifer will be unaffected. The last year of the
forecasted period projects that groundwater levels may rise back to the baseline conditions
but this is likely due to the analyses period ending in a wet year. The reason that the
potential effect is small is due to the reduction of seepage from the canals (inflow) being
offset by reduction in outflow due to groundwater discharges to the Main Drain Canal
being eliminated with lower groundwater levels and the reduction of evaporation through
the soils.
Repeating the baseline conditions for the main aquifer forecasts that groundwater levels in
the aquifer will decline by about 13 feet from 2014 through 2027. Because groundwater
levels are being forecasted to decline in the perched aquifer through much of the period
with the Project there will be a decline in leakance from the perched aquifer to the main
aquifers. This results in groundwater levels in the main aquifer being about 2 feet lower
than baseline conditions.
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Figure 32 Project and Cumulative Groundwater Level Comparison to Baseline Salt Balance - Perched Aquifer

65

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

Figure 33 Project and Cumulative Groundwater Level Comparison to Baseline Salt Balance – Main Aquifer
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Table 9 Project Effects – Groundwater Levels

Analysis
Perched Aquifer
Baseline
With Project
Main Aquifer
Baseline
With Project

6.3

Groundwater Level (in feet msl)
Start
Finish
2014
2027
Change
232.5
232.5

234.2
234.2

1.6
1.6

199.3
199.3

186.1
183.8

-13.1
-15.4

Project Effects on Groundwater Quality

The baseline salt balance was used to assess the changes in water quality with the Project.
The salt balance was modified after the initial runs as it was showing that the TDS in the
perched aquifer was going to increase to about 7,000 mg/L yet using the baseline salt
balance only allowed leakance of perched water to the main aquifer of about 1,900 mg/L.
Therefore, the concentration of salts in the water that leaks between the two aquifers was
increased to an average of 3,500 mg/L to better forecast water quality effects. The salt
balance calculations are provided in Attachment B, Table B-4. The results of the analyses
are shown on Figures 34 and 35. Table 10 summarizes the projected effects.
The baseline forecast for the main aquifer shows that TDS concentrations in the aquifer
would be expected to decline by 110 mg/L between 2014 and 2027. The results of the
analyses with the Project for the perched aquifer shows the salinity will gradually increase
by 1,635 mg/L or an increase of 1,745 mg/L above baseline conditions. The increase is due
to the decrease in recharge of low TDS water and the elimination of salts being exported
due to groundwater discharge to the Main Drain Canal.
The baseline forecasted conditions in the main aquifer are showing the salinity is expected
to rise by 252 mg/L between 2014 and 2027. The salinity with the Project is showing the
TDS is expected to increase by 422 mg/L, an increase of 170 mg/L above baseline
conditions. The increase is predominately due to the increased salinity in the leakance from
the perched aquifer.
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Figure 34 Project and Cumulative Salinity Comparison to Baseline Salt Balance - Perched Aquifer
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Figure 35 Project and Cumulative Salinity Comparison to Baseline Salt Balance – Main Aquifer
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Table 10 Project Effects – Salt Concentrations

Analysis
Perched Aquifer
Baseline
With Project
Main Aquifer
Baseline
With Project

6.4

Salt Concentrations (mg/L)
Start
Finish
2014
2027
Change
1,772
1,772

1,662
3,407

-110
1,635

3,965
3,965

4,217
4,387

252
422

Project Effects on Subsidence

Dewatering of saturated clayey sediments can results in inelastic subsidence, especially if
they have not previously been dewatered. The perched aquifer is overlain by clayey soils.
Existing groundwater levels in 2013 are beneath these soils prior to the Project. Therefore,
lowering of the perched aquifer would have a low potential to create subsidence.
The A-clay is about 20 to 50 feet thick and is estimated to be about 20 to 30 feet below
ground surface. A reduction of groundwater levels by about 4 feet in the main aquifer
would not lower groundwater levels beneath the bottom of the A-clay and therefore the
potential to create subsidence with the Project is low.

6.5

Summary of Project Impacts

Groundwater levels in the perched aquifer are projected to rise by about 2 feet using the
baseline conditions from 2014 to 2027. The groundwater levels with the Project will rise
be at a similar level in 2027 as the baseline conditions.
The main aquifer beneath the Project area contains over 400 feet of saturated sediments.
The decline in water levels of 2 feet in this aquifer would only be a change of about
0.5 percent.
Subsurface outflow in the main aquifer to the east, towards the main Kern County
groundwater basin and SWSD, was projected to average about 3,400 AFY under baseline
conditions. With the decline in groundwater levels by about 2 feet, the outflow would
decrease about 20 AFY. This represents about a 0.5 percent decrease in outflow. SWSD
performed in-lieu recharge operations in 2011 of 338,000 AF and 146,000 AF in 2013 and
therefore the reduction of 20 AFY is a very small percentage of the overall recharge.
The most notable change will be the changes in water quality in the perched aquifer which
supplies some water to the Tulare Lake and main Kern County groundwater subbasins.
The salinity is forecasted to increase from about 1,800 mg/L to about 3,400 mg/L.
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The increase in salinity in the main aquifer with the Project will be about 170 mg/L above
the baseline conditions and it appears to be a long term trend. This represents a change of
about 4 percent.
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7

Assessment of Cumulative Effects

Other projects in the area could affect the groundwater conditions beneath the Project area
and result in cumulative impacts. Foreseeable projects and changes were identified. The
effects of land use changes, climate change, and a proposed project within the northern
portion of the BSA were evaluated using the groundwater and salt balances to assess the
cumulative effects on the groundwater. The cumulative analyses include the changes due
to implementation of the Project and these foreseeable projects.

7.1

Foreseeable Projects and Changes

Anticipated projects and changes that could affect the northern portion of the BSA include
land use changes and climate change as discussed in the following sections.
7.1.1 Land Use Changes
As noted earlier, land use within both the BSA and the Maples Service Area is
predominately agricultural. As neither service area encompasses or borders an urban or
municipal area, there is little pressure to convert irrigated lands to urban uses.
Long-term changes in farmed acreage are likely to result from implementation of programs
such as the Conservation Easement Water Acquisition and Management Project
(CEWAMP). Under this program, Buena Vista is investigating acquiring and managing
water service rights in the “Northern Area Lands” (i.e., BSA lands generally north of
Lerdo Highway) that have already entered into, or that will soon enter into, conservation
easement programs and that have transitioned away from full agricultural production.
The District anticipates about 2,815 acres of irrigated land will be transitioned into these
conservation easements.
7.1.2 Climate Change
Annual precipitation typically ranges from 5 to 7 inches and averages 5.64 inches per year
between 1940 to 2013 (BVWSD, 2014).
Several investigations were conducted by the USGS California Water Science Center
(CAWSC) regarding hydrological effects of climate scenarios in the Sierra Nevada
Mountain Range (USGS 2009; Water Resources Research, 2012). The Kern River and
CVP water supplies are directly affected by the quantities of runoff and recharge in the
Sierras. Each of these investigations predict that California’s climate will become warmer
(+2 to +4° C) and drier (10-15%) during the mid- to late-21st century, relative to historical
conditions. This will reduce precipitation in the area.
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7.2

Approach

The Project water and salt balances, Tables B-3 and B-4, were modified to represent
changes from the cumulative effects of land use changes and climate change. The modified
balance was then used to assess the changes that might occur as a result of these
foreseeable projects.
The water balance was adjusted to account for climate change by reducing the baseline
deep percolation from precipitation by 15 percent. The amount of surface water deliveries
was not lowered as many of the sources are from outside of the BVWSD area and may not
be impacted.
The transition of 2,800 acres of irrigated land will reduce the current cultivated land from
about 13,800 to 11,000 acres (BVWSD, 2014). This amounts to about a 20 percent
reduction of agricultural land in the Project area. The amount of deep percolation from
applied water in the water balance was reduced by this amount to account for this effect.
The total amount of surface water was not reduced as it was assumed that this water would
still be imported.
Attachment B, Tables B-5 and B-6 provides tables for the cumulative with project water
and salt balances.

7.3

Cumulative Effects on Groundwater Levels

The results of analysis of the cumulative with Project effects on groundwater levels are
shown on Figures 32 and 33. Table 11 summarizes the effects of the cumulative with
Project scenario on groundwater levels.
At the end of the Cumulative with Project forecast period groundwater levels are 1.4 feet
lower than baseline conditions.
Because the reduced leakance of water from the perched aquifer, groundwater levels in the
main aquifers, decline of about 3.6 feet below baseline conditions.
Table 11 Cumulative Effects – Groundwater Levels

Analysis
Perched Aquifer
Baseline
Cumulative with Project
Main Aquifer
Baseline
Cumulative with Project

Groundwater Level (in Feet Msl)
Start
Finish
2014
2027
Change
232.5
232.5

234.2
232.8

1.6
0.3

199.3
199.3

186.1
182.6

-13.1
-16.7
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7.4

Cumulative Effects on Groundwater Quality

The results of analysis of the cumulative with Project effects on groundwater quality are
shown on Figures 34 and 35. Table 12 summarizes the effects of the cumulative with
Project scenario on groundwater levels.
The analysis forecasts that salinity will be greater in the perched aquifer in the Project
scenario than in the Cumulative with Project scenario. Salinity is forecast to be 1,040 mg/L
less than the forecast under the Project scenario, and about 700 mg/L greater than the
baseline forecast under the Cumulative with Project scenario. The cumulative water quality
forecast is less than that projected with just the Project because cumulative effects reduce
applied water to agricultural lands. The applied water percolates into the perched aquifer
and carries salt back to the perched aquifer. This effect is also present in the amount of
deep percolation from precipitation leaching salts from the soils. Therefore the reduction
agricultural lands and climate change reduces the amount of water leaching salts into the
perched aquifer and is the reason why the cumulative effects are less than the Project
effects alone.
The forecasted changes in TDS in the main aquifer show the concentrations will gradually
increase and be about 155 mg/L greater than the baseline forecast under the Cumulative
with Project scenario.
Table 12 Cumulative Effects – Groundwater Quality

Analysis
Perched Aquifer
Baseline
Cumulative with Project
Main Aquifer
Baseline
Cumulative with Project

7.5

Salt Concentrations (mg/L)
Start
Finish
2014
2027
Change
1,772
1,772

1,662
2,367

-110
594

3,965
3,965

4,217
4,372

252
407

Cumulative Effects on Subsidence

Dewatering of saturated clayey sediments can results in inelastic subsidence, especially if
they have not previously been dewatered. The perched aquifer is overlain by clayey soils.
Existing groundwater levels in 2013 are beneath these soils prior to the cumulative
projects. Therefore, lowering of the perched aquifer would have a low potential to create
subsidence.
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The A-clay is about 20 to 50 feet thick and is estimated to be about 20 to 30 feet below
ground surface. A reduction of groundwater levels by about 4 feet in the main aquifer
would not lower groundwater levels beneath the bottom of the A-clay and therefore the
potential to create subsidence with the cumulative effects is low.

7.6

Summary of Cumulative Impacts

Decreasing the groundwater levels in the perched aquifer by 1.4 feet below the baseline
conditions will be beneficial to growers within the Project area.
The lowering of the perched groundwater levels by about 1.4 feet more than baseline will
affect the subsurface outflow from the area to the Tulare Lake groundwater subbasin. This
reduction of groundwater levels will change the outflow to the Tulare Lake subbasin from
the Project area from an average of about 10 to 9.4 AFY or a change of about 6 percent at
the Project’s northern boundary. The subsurface inflow to the Tulare Lake groundwater
subbasin was estimated to be about 40 AFY. Therefore, the inflow to the subbasin from the
perched aquifer would only be reduced to about 39.4 AFY or a change of about 1.5
percent. However, the amount of water in the Tulare Lake groundwater subbasin is about
12,100,000 AF and therefore a reduction by 0.6 AFY is a very small change to the total
amount of groundwater in storage.
Additional subsurface outflow from the perched aquifer occurs to the northeast to a small
perched water area that is overlain by farmland. About 6 AFY outflows through this area.
Recuding groundwater levels by 1.4 would reduce the out flow to 5.4 AFY. The effects of
reducing the outflow of water to this area would not be considered significant and again
would be beneficial to growers.
The baseline subsurface outflow from the perched aquifer towards the east and the main
Kern County groundwater basin was estimated to average about 4 AFY. The subsurface
inflow to the main Kern County groundwater basin is similar to that at the Project
boundary as most of inflow is from the Project area. Reduction of groundwater levels by
1.4 feet in the perched aquifer would result in about 0.2 AFY or a 5 percent reduction of
subsurface inflow from the perched aquifer to the Kern County groundwater basin and the
SWSD. However, SWSD performed in-lieu recharge operations in 2011 of 338,000 AF
and 146,000 AF in 2013 and therefore the reduction of 0.2 AFY is a small percentage of
the total available recharge.
The main aquifer beneath the Project area contains over 400 feet of saturated sediments.
The decline in water levels in this aquifer would be about 4 feet below baseline conditions
and would only be a change of less than 1 percent.
Subsurface outflow in the main aquifer to the east towards the main Kern County
groundwater basin and SWSD was projected to average about 3,400 AFY under baseline
conditions. With the decline in groundwater levels by about 4 feet, the outflow would
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decrease about 34 AFY. This represents a 1 percent decrease in outflow. SWSD performed
in-lieu recharge operations in 2011 of 338,000 AF and 146,000 AF in 2013 and therefore
the reduction of 34 AFY is less than significant.
The most notable change will be the changes in water quality in the perched aquifer which
supplies some water to the Tulare Lake and main Kern County groundwater basins. The
salinity is forecasted to increase from about 1,700 mg/L to about 2,400 mg/L.
The increase in salinity in the main aquifer with the cumulative effects will be about 150
mg/L greater than baseline conditions. This represents a change of about 4 percent over the
long-term.

7.7

Impact Evaluation

The potential effects of the Project and cumulative effects were evaluated against
significance criteria and mitigation measures are proposed for those potential impacts that
have potential significant impacts. Significance criteria from the Environmental Checklist
Form, Appendix G of the CEQA Guidelines, were used to evaluate the significance of the
potential impacts to groundwater.
Significance criteria relevant to potential groundwater impacts used were:
Will the project:
a) Violate any water quality standards or waste discharge requirements?
b) Substantially deplete groundwater supplies or interfere substantially with groundwater
recharge such that there would be a net deficit in aquifer volume or a lowering of the local
groundwater table level (e.g., the production rate of pre-existing nearby wells would drop
to a level which would not support existing land uses or planned uses for which permits
have been granted)?
f) Will the project substantially degrade water quality?
Potential Groundwater Quantity Impacts: The project will lower the local groundwater
levels. Shallow perched groundwater with elevated salinity has adversely impacted plant
growth and crop yields in affected areas of the District. Lowering the water level in the
perched aquifer is one of the goals of the project, because the perched aquifer has poor
water quality which has a detrimental effect on agricultural production. The water balance
described in this report shows that the Project with cumulative impact may potentially
lower the perched aquifer by 1.4 feet below baseline conditions. This impact will not harm
existing land uses and is not a significant impact requiring mitigation.
The project will also lower the local groundwater table of the main aquifer. This is not
anticipated to reduce the production rate of nearby wells or cause the aquifer to fail to
76

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

support existing planned uses. BVWSD will continue to monitor groundwater levels in the
main aquifer to confirm that no significant impact is occurring.
There will be a very slight decrease in water flow off-site, feeding other aquifers
downstream (Table 13). This change will not result in reduced production rate of wells or
cause the downstream aquifers to fail to support existing planned uses and is therefore less
than significant.
Potential Groundwater Quality Impacts: The project will increase salinity in the
perched and unconfined aquifers and may substantially degrade water quality. Therefore,
this impact is potentially significant. However, water quality in the perched aquifer is
already poor. The proposed Project with cumulative effects will result in a decline in the
water level in the perched aquifer, resulting in less impact to agriculture and other users
from the high-saline water.
The TDS in the main aquifer already limits the direct use of the groundwater on most
crops. The proposed project with cumulative effects will increase salinity by a small
percentage over baseline conditions (Table 13). However the impact is long-term and is
considered potentially significant.
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Table 13 Impact Assessment Summary

Impact

Change from baseline

Percent change

Level of significance

With Project

Cumulative with
Project

With Project

Cumulative with
Project

Decline groundwater level in
perched aquifer (in
comparison to baseline)

0 Feet

1.4 Feet

0

6%

No impact, decline in
groundwater levels in
cumulative scenario is
considered beneficial

Decline in groundwater level
in main aquifer (in comparison
to baseline)

2.3 Feet

3.6 Feet

0.6%

<1%

Less than significant

Decline in subsurface outflow
from perched aquifer to
Tulare Lake groundwater
basin

0 AFY

0.6 AFY

0%

6%

Less than significant. Total was
supply in Tulare Lake
groundwater subbasin is
12,100,000 AF

Decline in subsurface outflow
from perched aquifer to
northeast

0

0.6 AFY

0%

10%

Less than significant. Land
overlain by farmland, so
decline in water level is
beneficial to agricultural
production

Subsurface outflow from
perched aquifer to main Kern
County groundwater basin

0 AFY

0.2 AFY

0% of outflow to
from perched
aquifer, but a tiny
fraction of total

5% of outflow
from perched
aquifer, but a tiny
fraction of total

Less than significant. Total
recharge in SWSD ranges from
146,000 AFY to 338,000 AFY
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Impact

Change from baseline
With Project

Cumulative with
Project

and SWSD

Percent change
With Project

Cumulative with
Project

recharge

recharge

Level of significance

Decline in subsurface outflow
from main aquifer to main
Kern County groundwater
basin and SWSD

20 AFY

34 AFY

<1%

1%

Less than significant

Increase in TDS in perched
aquifer (compared to
baseline)

1,745 mg/L

700 mg/L

192%

133%

Potentially significant

Increase in TDS in main
aquifer

170 mg/L

155 mg/L

4%

4%

Potentially significant. Change
in TDS is small, but long term
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7.8

Mitigation Program

In order to address potentially significant impacts, BVWSD will adopt a mitigation
program to lower impacts to a level of non-significance.
Mitigation Measure GW -1: construct a new set of nested or clustered monitoring wells,
with screens placed opposite the perched, shallow and deep aquifers to confirm the
changes in water quality and water levels these different aquifers.
Mitigation Measure GW -2: If monitoring of the main aquifer (as described in Mitigation
Measure GW-1) detects that the water level is declining to a degree that potential impacts
to water users may occur, then water conserved by construction of the Northern Area
Project will be used to periodically provide additional groundwater recharge to the main
aquifer. This recharge will be conducted where the A-clay is not present, as necessary to
compensate for the loss of groundwater recharge from the perched aquifer. (Note: this
impact is not anticipated based on the analysis in this report, but this mitigation measure is
incorporated to address an unexpected outcome.)
Mitigation Measure GW-3: The Brackish Groundwater Remediation Project (BGRP)
will be implemented to lower water levels in the perched aquifer and control salinity in
both the perched and main aquifer.
The BGRP is designed to remediate brackish groundwater within the BSA by recovering
groundwater from two aquifer zones. In the northern Buttonwillow Service Area, the
BGRP consists of construction and operating strategically-located shallow and medium
depth brackish groundwater recovery wells and collection and conveyance pipelines. The
project will pump low quality water from the aquifer and blend it with higher quality water
delivered to the Project area through the Northern Area Pipeline, making this water
available for agricultural uses. The BGRP will lower and control the salinity in the perched
aquifer and the main aquifer.

7.9

Impacts After Implementation of Mitigation Program

The potentially significant impact to water quality will be lowered to a level of less than
significant with the implementation of the mitigation program, specifically mitigation
measure GW-1 (monitoring of water levels and water quality) and GW-3 (implementation
of the Brackish Groundwater Remediation Program).
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1

Introduction

Buena Vista Water Storage District (BVWSD), located approximately 16 miles west of
Bakersfield in the southern San Joaquin Valley, operates a surface water delivery system
with about 144 miles of earthen canals to supply water to two areas: the Buttonwillow
Service Area (BSA) with 46,200 acres of farmland and the Maples Service Area (MSA)
with about 4,360 acres. The seepage loss from BVWSD’s canal system has been estimated
at 37,000 acre-feet-per-year (AFY) (BVWSD 2015).
In 2016, to improve the efficiency of their system and reduce seepage and evaporative
losses, the BVWSD completed the Northern Area Pipeline Project (NAP), comprising a
total of 20 miles of buried pipeline. The NAP converted a portion of the District’s outdated
system of unlined canals to pipe as a way to reduce water losses. The NAP begins at the
District’s northern most boundary and continues south to Vlasnik Road in the BSA. The
NAP was installed primarily adjacent to the District’s Main Drain Canal. The District’s
Assessment of Potential Groundwater Impacts prepared by GEI Consultants, Inc. in
September, 2014. (NAP Assessment) is included as Appendix A. The NAP Assessment
analyzes the impacts of the NAP by using water and salt budgets for the project area.
The next phase of the District’s overall water conservation and management program is to
install and connect pipe to the NAP beginning at Vlasnik Road, and continuing south for
an additional 5 miles. The Northern Area Pipeline, Southern Extension Project (SEP), is
designed to further improve the District’s water-use efficiency. The SEP may be followed
by the Eastern Extension Project (EEP), which would extend the piped water system
another 5 miles to the east and along the East Side Canal. The layout of the SEP and EEP
projects are shown on Figure 1. Also on Figure 1 is the area analyzed for the NAP
Assessment which included most of the SEP and EEP areas.
In this assessment for the SEP Project, the impacts on groundwater resources have been
determined by (1) describing the background and approach taken for the NAP Assessment,
(2) describing the change in seepage that will be caused by SEP project features, (3)
determining which SEP project features were already included in the NAP Assessment
water and salt balances, (4) assessing the potential environmental impacts of the SEP
features that were not included in the NAP Assessment on the water and salt balances and
(5) assessing the cumulative impacts, including the EEP which is assessed in a similar way
as the SEP.
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Figure 1 Southern Extension Pipeline and NAP Project Areas
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2

Hydrogeologic Conditions

The NAP Assessment includes the region’s geology and hydrogeology. The Assessment
evaluated the potential changes to groundwater beneath the Project area after installation of
the NAP. As the SEP is similar and covers the same geographic area, the model used in the
groundwater impact assessment for the NAP was updated with Project features of the SEP
and the EEP included among the Cumulative Effects. The District’s Assessment of
Potential Groundwater Impacts (NAP Assessment) is included as Appendix A.

2.1

Hydrogeology Summary

The NAP and SEP Projects are located in the northern half of BSA, located between the
Buttonwillow and Semitropic ridges to the east, and the coast range to the west. The
Buttonwillow and Semitropic ridges are subtle, but distinct topographic features. The BSA
is underlain by the Tulare Formation which contains sandy material from about 200 to 400
feet below ground surface (bgs) that is used by most wells in the region for water supply.
Three distinct clay layers of the Tulare formation are present in the BSA, dubbed the A, C
and E-clay layers which are described below
•

The A-clay is the uppermost of the clay layers. It occurs 20 to 30 feet bgs and is the
cause of shallow, perched groundwater levels identified in piezometers throughout
the northern part of the BSA. Figure 2 shows that the A-Clay underlies the SEP
Project features, but is absent to the east.

•

The C-Clay is about 30 feet thick and occurs at a depth of about 200 feet bgs. The
C-Clay may be laterally discontinuous and is assumed to provide semi-confining
conditions.

•

The E-Clay occurs at a depth of about 400 feet bgs and is known regionally to be a
vertical barrier to groundwater flow.

Three groundwater aquifers are described in the NAP Assessment. The Perched Aquifer is
above the A-clay, the shallow aquifer is between the A- and C-clays, and the deep aquifer
is between the C- and E-clays. Permeable sediments are present below the E-clay, but the
water quality is poor and is not used for water supply in this area. Most wells are
constructed in the deep aquifer above the E-clay. Because the C-clay is only semiconfined, for purposes of water accounting, the shallow and deep aquifers are combined
and referred to as the Main Aquifer. The NAP Assessment describes the Perched and Main
Aquifers in its water balance assessment.

3
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Figure 2 Perched Groundwater Extent
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3

Summary of NAP Groundwater Assessment

3.1

Northern Area Project Approach

Impacts to groundwater from the conversion of unlined canals to pipe for the NAP were
analyzed in the NAP Assessment included in Appendix A. The NAP Assessment
developed both a water balance and a salt balance for 2008, 2011, and 2013, which
BVWSD has established as typical normal, wet, and dry year conditions, respectively
(BVWSD 2015). These representative years were then assigned to other similar types of
years during a 12-year historic base period from 1999 to 2011. This base period had a
mixture of normal, wet, and dry years, but overall the period showed more wet years than
dry years. The baseline water and salt balances were calibrated and reviewed against
measured groundwater levels and salt concentrations in BVWSD wells.
These baseline balances were used to forecast future conditions from 2014 to 2027, using a
simulated climatic record identical to the base period. Forecasts were made for baseline
conditions, with the NAP Project conditions, and cumulative conditions. The NAP
conditions were forecast by eliminating canal seepage and evaporation from the budget
except in wet years, when excess water is placed in some unlined canals.

3.2

Summary of NAP Project Impacts

The NAP effects shown in Table 1 indicate that groundwater levels in the Perched Aquifer
were forecast to rise by 1.7 feet using the baseline conditions from 2014 to 2027. This rise
in water levels is predicted because the mixture of year types during the base period
contained slightly more wet years than dry years.
With the NAP, the forecast for groundwater levels in the Perched Aquifer by 2027 are
about the same as baseline conditions and 1.4 feet lower than baseline under cumulative
conditions. In the Main Aquifer, water levels by 2027 are forecast to be 2.3 feet lower than
baseline conditions and 3.5 feet lower than baseline under cumulative conditions.
The Main Aquifer beneath the NAP area contains over 400 feet of saturated sediments.
Subsurface outflow in the Main Aquifer is to the east, towards the main Kern County
groundwater basin and the Semitropic Water Storage District (SWSD) with about 3,400
AFY of outflow under baseline conditions. With the decline in groundwater levels by 2.3
feet, the outflow would decrease approximately 20 AFY. This represents 0.5 percent
decrease in outflow and insignificant in comparison to the 338,000 to 146,000 AF that
SWSD recharged as part of their in-lieu recharge operations in 2011 and 2013.

5

ASSESSMENT OF POTENTIAL GROUNDWATER IMPACTS

The most notable change would be in water quality in the Perched Aquifer which supplies
some water to the Tulare Lake and main Kern County groundwater subbasins. The salinity
is forecast to increase from 1,772 mg/L to 3,407 mg/L as shown in Table 1.
The increase in salinity in the Main Aquifer with the NAP will be 170 mg/L above the
baseline conditions and it appears to be a long term trend. This represents a change of 4
percent.
Table 1 Summary of NAP Water Balance Projections

Analysis

Groundwater Level (in feet msl)
Salt Concentrations (mg/L)
Variation
Variation
From
From
Start Finish
Start Finish
1
2
1
2014 2027 Change Baseline 2014 2027 Change Baseline 2

Perched Aquifer
Baseline
232.5 234.2
1.7
-1,772 1,662
NAP Effects
232.5 234.2
1.7
0.0
1,772 3,407
Cumulative with NAP Effects 232.5 232.8
0.3
-1.4
1,772 2,367
Main Aquifer
Baseline
199.3 186.1 -13.2
-3,965 4,217
NAP Effects
199.3 183.8 -15.5
-2.3
3,965 4,387
Cumulative with NAP Effects 199.3 182.6 -16.7
-3.5
3,965 4,372
note: bold numbers indicate the overall project and cumulative effects
1
Finish minus Start
2

-110
1,635
595

-1,745
705

252
422
407

-170
155

Finish minus Baseline Finish
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4

Project Effects

The NAP Project will be completed in 2016. Because actual effect have not been
determined, the projected NAP effects shown in Table 1 represent the existing condition
and are used as the baseline for the SEP effects.

4.1

Project Effects

SEP Project effects on groundwater result from (1) the reduction in seepage from the
abandonment of canals and (2) the increase in seepage from the construction and operation
of Reservoir 1. SEP Project features are shown on Figure 3 along with the canals that are
planned for abandonment. BVWSD has measured loss rates along its various sections of
canals which are documented in the WaterSMART grant application (BVWSD 2016).
Based on these loss rates, Table 2 shows estimates of the reduction in canal seepage due to
abandonment of canals for the SEP. Table 3 shows the increase due to reservoir seepage
for the SEP, and Table 4 shows the net effect on seepage. Overall the SEP will reduce
seepage to groundwater aquifers by about 1,970 AF.
To analyze the effect of this reduction in seepage on groundwater resources, these changes
were applied to the water and salt budgets developed for the NAP. Figure 3 shows that all
of the SEP canals planned for abandonment are within the 20,400 acres analyzed for the
NAP assessment. The effects of this abandonment were already included in the NAP
effects.
Table 5 shows the net effect on each aquifer from the additional seepage by the SEP
reservoir. The seepage from the reservoir is assumed to affect both the Perched and Main
Aquifers. As shown in Figure 2, Reservoir 1 is located very close to the edge of the
perching layer. The water under the reservoir will mound and flow horizontally in all
directions, including to the east where the perching layer is absent and flow down to the
Main Aquifer. It is assumed that about half of the seeped reservoir water would flow
directly to the Main Aquifer, as documented in the footnote on Table 5.
The mounding of the water in the Perched Aquifer will also increase the vertical gradient
and affect the amount of leakance from the Perched to the Main Aquifer. The water budget
accounts for this by varying the leakance based on the head in the perched aquifer. The
updated water and salt budgets are included in Appendix B and a summary of the effects
is shown in Table 6.
The net effect of the SEP shows that the water levels will be slightly higher (0.2 feet) in the
Perched Aquifer in comparison to effects already analyzed for the NAP. Water levels in
the Main Aquifer will be 2.6 feet higher than previously projected. Water quality in both
7
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aquifers will see improvement with salt concentrations lowering slightly in both aquifers
due to the seepage of high quality water from the reservoirs. Figures 4 through 7 show
the water level and salinity forecasts.
Table 2 Canal Seepage Reduction Estimates
Canal Length

Average

Canal

Evap Estimated Seepage
Water
Project
Canal Section
to be Retired Canal Width Losses Surface Area Rate 3 Months of Rate 4
Total
(sq ft)
Usage
(mi)
(ft)
(cfs)
(cfs)
(AFY)
Southern Extension Project
Canal 17 west of Milan Rd
2.7
37
5.4
527,472
0.12
8
-2550
-2,550
Eastern Extension Project
Canal 17 east of Milan Rd
1.6
37
3.2
312,576
0.07
8
-1510
Canal 18
1.7
37
3.4
332,112
0.08
8
-1600
-5,360
School House Cutoff
0.9
22
1.3
104,544
0.02
8
-600
East Side Canal
1.6
53
3.5
447,744
0.10
8
-1650
1

1

2
3

4

2

2

Canals 17, 18, and School House Cutoff will be abandoned/quitclaimed. East Side Canal will not be
abandoned, but will only be used for flood flows and recharge of excess water in wet years. Wet
year recharge was accounted for in the NAP Assessment water balance. East Side Canal south of
Imperial St will still be used the same as without project.
From BVWSD, 2016
Calculated based on 1958-2010 pan evaporation data from DWR of 57.83 inches for Mar-Oct
(http://www.water.ca.gov/landwateruse/annualdata/agroclimatic/)
Rounded to nearest 10 acre feet

Table 3 Reservoir Seepage Estimates

Canal Section

Width of
Nearest
Canal 1
(ft)

Losses of

Nearest Canal
Water Surface

Nearest Canal

1.4

116,160

0.03

23.4

0.96

5

580

2.2

279,840

0.06

54.9

0.64

12

930

Nearest Canal Areal
Reservoir Reservoir
Wetted
Seepage
Area Seepage 5
Nearest Canal 1,2
Evaporation1,2,3
1,2
1,4
1
Area
Perimeter
Rate
(acres)
(cfs/mi of canal)
(cfs/mi of canal)
(AFY)
(sq ft/mi of canal)
(ft)
(ft/day)

Southern Extension Project
Reservoir 1
22
Eastern Extension Project
Reservoir 2
53
1

Seepage rate estimated based on dimensions and seepage losses for nearest canal to each reservoir. Reservoir 1 based
on School House Cutoff. Reservoir 2 based on East Side Canal.

2

Calculated based on one mile of canal

3

Calculated based on 1958-2010 pan evaporation data from DWR of 57.83 inches for Mar-Oct
(http://www.water.ca.gov/landwateruse/annualdata/agroclimatic/)

4

Calculated assuming 2:1 side slopes and depth of 3 ft for School House Cutoff and 4 ft for East Side Canal.

5

Calculation based on reservoir usage 4 months per year. Rounded to nearest 10 acre-feet

Table 4 Change in Seepage Due to Project

Project

Seepage Additional
Net
Reduction Seepage
Change in
from Canal
From
Seepage
Retirement Reservoirs

Southern Extension Project

-2,550

580

-1,970

Eastern Extension Project

-5,360

930

-4,430
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Table 5 Net Change to Water Budget

Project
Southern Extension Project
Eastern Extension Project

Seepage Additional
Net Change Net Change
Net
Reduction Seepage
to Perched to Main
Change in
from Canal
Aquifer
Aquifer
From
Seepage
1
2
Retirement Reservoirs
Budget
Budget2
0
580
580
290
290
0
930
930
0
930

1

All canals for SEP project are within the NAP assessment area.

2

Assumes that 1/2 of SEP Seepage affects Perched Aquifer and 1/2 affects Main Aquifer. EEP seepage
assumed to affect Main Aquifer only.

Table 6 Summary of SEP Project and Cumulative Effects on Water and Salt Budgets

Analysis

Groundwater Level (in feet msl)
Salt Concentrations (mg/L)
Variation
Variation
From Start Finish
From
Start Finish
1
2
1
2014 2027 Change Baseline 2014 2027 Change Baseline 2

Perched Aquifer
Baseline (with NAP)
232.5 234.2
1.7
-1,772 3,407
SEP Effects
232.5 234.4
1.9
0.2
1,772 3,230
Cumulative with SEP Effects 232.5 232.8
0.3
-1.4
1,772 2,848
Main Aquifer
Baseline (with NAP)
199.3 183.8 -15.5
-3,965 4,387
SEP Effects
199.3 186.4 -12.9
2.6
3,965 4,367
Cumulative with SEP effects 199.3 190.4 -8.9
6.6
3,965 4,299
note: bold numbers indicate the overall project and cumulative effects
1

Finish minus Start

2

Finish minus Baseline Finish

1,635
1,458
1,076

--177
-559

422
401
334

--21
-88
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Figure 3 SEP and EEP Project Detail
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Figure 4 Updated Groundwater Level Forecast: Perched Aquifer
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Figure 5 Updated Groundwater Level Forecast: Main Aquifer
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Figure 6 Updated Salinity Forecast: Perched Aquifer
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Figure 7 Updated Salinity Forecast: Main Aquifer
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4.2

Cumulative Effects

Cumulative effects include the SEP and other reasonably foreseeable projects and
conditions. The EEP is included as a cumulative effect of the SEP along with reduced
precipitation due to climate change.
EEP features are shown in Figure 3 and include additional pipeline and Reservoir 2.
Additional canals will be abandoned as part of the EEP as shown on Figure 3, and the
reduction in canal seepage is estimated at 5,360 AF as shown on Table 2. Seepage for
Reservoir 2 is estimated to be 930 AFY, for a net reduction in seepage of 4,430 AFY as
shown on Tables 3 and 4.
To analyze the effect of this reduction in seepage on groundwater resources, the changes
due to the EEP were applied to the water and salt budgets developed for the NAP. Figure
3 shows that all of the canals that will be abandoned for the EEP are located within the
NAP Assessment area and were previously accounted for in the water and salt budget
forecasts. The East Side Canal will not be abandoned, but will only be used for flood flows
and recharge of excess water in wet years as indicated by the pink highlighted portions on
Figure 3. South of Reservoir 2 (Imperial Street), the East Side Canal will continue to be
used as a regular conveyance facility. Therefore, the only EEP feature that was not
accounted for in the NAP Assessment is Reservoir 2. As shown in Table 5 this results in a
net increase of seepage to the water budget of 930 AFY. All of this seepage affects the
Main Aquifer because Reservoir 2 is not underlain by the Perched Aquifer as shown in
Figure 2.
The NAP Assessment considers effects of climate change by reducing precipitation 15% in
all years based on the climate change analysis in the Agricultural Water Management Plan.
(BVWSD 2015). The cumulative effects of climate change are also estimated in this
assessment by reducing precipitation by 15%
The updated water and salt budgets with cumulative effects are included in Appendix B
and summarized in Table 6. Figures 4 through 7 show the cumulative water level and
salinity forecasts. Under cumulative conditions, water levels relative to baseline in the
Perched Aquifer are predicted to be lower by 1.4 feet and higher in the Main Aquifer by
6.6 feet, compared to a rise of 2.6 feet under only SEP conditions. Cumulative effects on
water quality may be improved with salinity levels lowered by 559 mg/l in the Perched
Aquifer, but with little change in the Main Aquifer.

4.3

Effect on subsidence

Inelastic subsidence in the southern San Joaquin Valley and Tulare Lake basin typically
occurs from reduction in groundwater levels and compaction of clays due to the reduced
pore pressures. Hydrocompaction can also occur due to raising of water levels in poorly
consolidated sediments typically deposited in alluvial fans of arid regions.

15
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Water level changes that are within the range of historic fluctuations are not considered to
present a risk of subsidence because subsidence that may be induced by these changes is
likely to have already occurred.
The water level changes expected as a result of the SEP and Cumulative Effects are
anticipated to be of small magnitude (less than 10 feet) and are within the range of historic
levels. Therefore risk of subsidence is not expected.
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Appendix C

October 18, 2017
Geotechnical
Environmental and
Water Resources

Tim Ashlock
District Engineer
Buena Vista Water Storage District
525 North Main Street
Buttonwillow, CA 93206
Re: NAP Eastern Extension Pipeline Project – Assessment of Potential
Groundwater Impacts Technical Memorandum
Dear Mr. Ashlock:
We understand that Buena Vista Water Storage District (BV) is proposing to implement
the third phase of the Northern Area Pipeline (NAP) project. The second phase extended
the pipeline system to the south (NAP Southern Extension Pipeline or SEP). This third
phase will extend the system to the east and is called the NAP Eastern Extension Pipeline
(EEP). The layout of the EEP is shown on Figure 1 below. In 2014, GEI Consultants,
Inc. (GEI) provided an assessment of the potential groundwater impacts of the NAP
(NAP Assessment). In 2016, GEI provided an assessment of the additional effects of the
SEP (SEP Assessment). The purpose of this memorandum is to describe the potential
additional groundwater impacts from the construction and operation of the EEP now that
the NAP and SEP have been constructed.
The approach for the NAP Assessment was to develop water and salt balances for the
project during wet, dry, and normal years and to project baseline groundwater conditions
for the NAP project area through 2027. To forecast the effects of the NAP, all canals
except the Main Drain were assumed to be decommissioned and seepage and evaporation
from these canals were eliminated from the baseline budgets, except during wet years
when excess water is infiltrated in some of the unlined canals. The results were
compared to baseline conditions to determine effects of the NAP (GEI, 2014). The NAP
Assessment included all BV lands north of Imperial Street.
An additional assessment was performed for the SEP to capture additional project
impacts from the construction of a reservoir which would increase evapotranspiration and
infiltration into the perched and main aquifer. All decommissioned canals for the SEP
were already included in the initial NAP assessment (GEI, 2016). As the reservoir was
never constructed, the additional SEP impacts assessment is no longer applicable and all
impacts of the SEP were captured in the original NAP assessment.
Figure 1 shows that final project details for the EEP are limited to pipeline installation
and associated construction activities. All of the canals proposed for decommissioning
were decommissioned during construction of the SEP and are within the area of the
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original NAP assessment. Therefore, no additional updates to the water and salt balances
are required.

If you have any questions about this memorandum, please call David Fairman at (916)
631-4528.
Sincerely,
GEI Consultants, Inc.

David Fairman, C. HG. 1000
Senior Hydrogeologist

Trevor Kent
Project Geologist
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